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PLANT BREEDING

ESTIMATION OF HETEROSIS AND COMBINING ABILITY IN MA  IZE ( ZeamaysL.) FOR
EAR WEIGHT (EW) USING THE DIALLEL CROSSING METHOD

Aliu S*., Fetahu SH., Salillari A2
The University of Prishtina, Faculty of Agricultyrgtr” Bill Clinton”, 10000, Kosovo
Agriculture University of Tirana, Faculty of Agritture, Albania
phone ++377(0) 44 195 990, e-maisliu@hotmail.com

Abstract9

A diallel cross between inbred lines of maiZed mays ) with medium maturity and an evaluation
to estimate the genetic parameters for ear weigit)(was carried out. The main objective of this
study was to evaluate the ear weight of 10 inbieesland their Fhybrids, based on a diallel cross
(without reciprocals) General Combining Ability (Bfand Specific Combining Ability (SCA). The
components of the genetic variance, were calculagdg Griffing’s formula (1956), method 2,
mathematic model I. pcp+gi+gj+g+e, for EW to detect the relative importance ofitdel and non
additive gene effects. Additive gene effects weogarimportant than non additive since the ratio was
0.25 among GCA and SCA. The highest value for maki&W was a heterozygote combination from
the inbred lines §xL,o (xg = 376.2 g/ear), while the minimal average vabiained for the hybrid
combination was IxLi (240 g/ear). The variation between the largesttherdsmallest EW for the
hybrid combination was 136.2 g or 45%. The grangeemental mean p of;Fjeneration was 308.1
g/ear. The differences for the EW of generation were + 68.1 g/ear or 23%, compared thehvalue

K showing a high significance for EW. ANOVA's tdst the combining ability of GCA and SCA
effects were highly significant at thpe< 0.05 andx< 0.01 level of probability, respectively.

Key words: Ear weight, combining ability — diallel analysisaize inbred line.

Introduction

Many procedures have been used by plant breedens attempt to increase the ear weight of maize
(Geadelmann and Peterson, 1980). The use of histestarted in 1933 when in the USA
approximately 1 % of the total farming acerage wksited with heterosis maze hybrids, while in
1953 the heterosis of the maize hybrids were exgrhng to 96% (Sprague, 1962). The improvement
of maize yields for ear weight depends on the kedgt of the type of the gene action involved in its
inheritance and also the genetic control of relataidls such as the capacity for production (Regei
al., 2004). Also the choice of the most efficientdaimg program depends on the said information
(Liao 1989, Pal & Prodham 1994). The effects ofegahCombining Abilities (GCA) and Specific
Combining Abilities (SCA) are important indicatoo$ potential value for inbred lines in hybrid
combinations. Differences in GCA effects have bagnbuted to additive, the interaction of additive
x additive, and the higher-order interactions oflifide genetic effects in the base population, #hil
differences in SCA effects have been attributedai-additive genetic variance (Falconer, 1981). The
concept of GCA and SCA has become increasingly rtapb to plant breeders because of the
widespread use of hybrid cultivars in many cropsigiv et al., 1978). The evaluation of crosses
among inbred lines is an important step towards dbeelopment of hybrid varieties in maize
(Hallauer, 1990). This process ideally should beugh the evaluation of all possible crosses (@iall
crosses), where the merits of each inbred linebsaletermined. A Diallel analysis provides good
information on the genetic identity of genotypepgezsally on dominance-recessive relations and some
other genetic interactions. Diallel crosses havenbased in genetic research to determinate the
inheritance of a trait among a set of genotypestaridentify superior parents for hybrid or cultiva
development (Weikai Yan & Manjit Kang, 2003). Thaimobjective of our study was to estimate the
General combining ability (GCA) and Specific conmibgn ability (SCA) among these maize inbred
lines and, consequently, to identify superior ®ngloss hybrids (SCH) developed from them.
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Materials and methods

The plant materials used for crosses in this stwdye taken from 10 selected superior maize
inbred lines coded as:;LL,... Ly, with medium maturity, originating from the Agriture
University of Tirana (AUT)- Albania (Table 1). Aflossible crosses among these inbred lines were
made in a diallel crossing block. During a threarygeriod the study investigated the adaptability
of inbred lines to the specifics of this trait fgro - ecological conditions in Kosovo, especially
the area near Ferizaj (580 m a.s.l). After year,foen (10) selected maize inbred lines were
crossed using the diallel system (Griffing,1956)¢d an year five these genotypes were placed in
experimental plots (EP) of hybrid combination (@fa study on the General (GCA) and Specific
(SCA) combining ability for Ear weight (EW) was ahrcted. Statistical analysis used the
mathematical and statistical models “MSM” whichahxed randomized block design experiments
(RBDE) with three replications, 45 hybrid combimais (C) x 3 replications (R) = 135
Experimental plots (EP). The experimental plot ®am long and 60 cm apart, with 30 cm plant to
plant distance or 55000 plants pef*h@ihe experimental plots were 5.4 per each replication x
3R = 16.20 fy and the seeds were placed 3-5 cm deep and tettivander intensive agro
techniques, including the use of the fertilizer NP5:15:15) and UREA 46%. This number of
plants per plot was used to cover the adjustmenplft yield. In order to determine the EW we
measured the average of 10 ears or plants seleatddmly from each plot (10 ear per plants x 3R
=30 plants or in total 1350 plants). Genetic intetations and analyses of similar experiments can
be found in numerous papers such as Hayman, (185#fing’s (1956).

Statistical analyses

The diallel analysis ,as described by Griffingk9%6) method 2, mathematic model | (fixed
model) is a systematic method of evaluating popriat or select groups of inbred lines for
combining ability in hybrid combination;=p+gi+gj+s j+e ;

Where,X; = is the mean afx ji™ genotypesy = is the experimental grand meagnandg; = is the
GCA effects ofi-" female parent, effects ¢f" male parent§; = is the SCA effects specific to the
hybrid of thei-" female line and the™ male line , an@= is the experimental error.

The formula gives components of genetic variancg @ene values for GCA and SCA mean

1 2
squares calculated below: g_p +2(Ti +ii)- B GT and
1 . .- . e 2
S Xj— p+2 (Ti+ i)+(Tj+jj)+ (p+Dx(p+2) GT
F1- MP
Whereas Midparent heterosis (MPH) was calculated/lﬁ’sk—lzw x100
P1+ P2

Where,k is the mean of the;fybrid performance and MF , where P and B are the

2
means of the inbred parents. Statistical analysese walculated with the statistical program
MSTAT-C version 2.10.

Results and Discussion

The results of the research reported great hylmbinations and showed a significant genotypic
effect on EW. The average value of EW for all stddgenotypes was 308.1 g/ear. This is a
relatively high weight that can guarantee high@dpctivity (yield), as result of the heterosis gf F
generation and their heterotic structures are ptedein Table 1. For the hybrid combination of
inbred lines LxL;, the minimal average value was (Xg = 240 g/ear)ilemhe maximal value
obtained for the hybrid combinatioAdlL ;o was (Xg = 376.2 g/ear). The variation betweeneswér
values was D= (§xLio, Xg = 376.2 g) — (XL, Xg = 240) =136.2 g or 45%, and this difference is
highly significant atp< 0.05 and0.01. Distinctions’ between blocks (repetitionsl diot have
significant effects for the probability level gk 0.05 and 0.01. The coefficient of the variation
(CV) of the total EW for all genotypes of Beneration was 5.86%, while SE = + 16.8. The total
variability of genotypes for extreme values wasBigfear, highly significant differences were obedrv
among parents and the hybrid combination for EW.
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Table 1.Ear Weight of parents (diagonal, underljread! their k- hybrids (above diagonal)

Fy
Line L, L, Ls L, Ls Le L, Lg Lo L1io Mean
L, 81.3 3058 324.1 310.0 365.1 353.0 251.0 356.3 334.20.124 315,5
L, 95.3 297.8 319.0 3244 325.0 3554 338.8 350.2 248.1 9,831
Ls 65.6 276.3 307.4 2448 308.1 329.0 310.0 294.3 295,7
L4 741 2710 313.9 299.8 2419 259.3 2917 279,6
Ls 132.6 321.0 3104 326.0 2524 2496 291,9
L 445 341.7 2899 304.6 376.2 328,1
L, 160 362.3 346.7 3441 351,0
Lg 785 347.0 306.0 327,0
Lo 71.1 299.3 309,3
L1 113.1 264,0
valfue 308.16

LSD p< 0.05-1.43;p< 0.01=1.73

The difference between the mean of alhfforids and the mean of all parentsN#P) was + 216 g/ear.
The highest and the lowest values of average Isetenere observed for ear weight at all genotyfies.
hybrid combinations had positive heterosis, théédsgvalue was 150% above the average of the parent
value. The highest variability of EW values werd¢aoied for hybrids kxL, (xg = 245%) and L0

(xg = 77%), were statistically significant pt 0.05 and 0.01. Heterosis in EW is one of the
commonest and most striking manifestations of ybrgour. The combining ability analyses of
variance for EW were highly significant for differees observed for both GCA and SCA effects. A
ratio of 0.25 for the variance components betwe€A@nd SCA was observed. These values
showed that additive gene effects were more impottean non additive effects for EW. The are
presented in Table 2.

Table 2. Estimated mean squares for GCA and SCKhsamfor ear weight

Source d.f S.S M.S F-Value
GCA 9 49166.75 5462.9730 20.87**
SCA 45 981908.380 21820.1862 83.35**

E 108 28273.626 261.7928

**Significant at the< 0.01 level of probability

The significance of GCA and their relatively highlwes were obtained in the inbred lines L
(+17.028), making it different from the inbred link; and Ls and producing minimal differences
compared with . The lowest GCA value was observed at(125.32), and compared with the
maximal values for GCA (), the variations were + 42.35. Crossing maize lireesGCA (gi-gj)
created a variance of 14.54, while the averageevafuinbred lines (Xij) for F generation was
87.26. Large proportion of the value F and diffeesy among inbred lines for GCA were
significant atp< 0.05 and 0.01, and have a different intensityhimitage and variability (Figure.1).
The SCA effects for the EW in each parent and gareombination are presented in Table 3.
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GCA effect for Ear Weight

17.0
118
767 8.8

10

7

0- ’ P4

541
VA58

10 372

Frequncy

Parent

LSD p< 0.05 = 12.35p-0.01 =16.96; S.E (gi) =6.54
Figure 1.Estimated of GCA effects for Ear Weight

Table 3.Estimated of SCA effects for Ear Weighaidiallel among 10 maize inbreds

Parent R P> P Py Ps Ps P, Ps Py P1o
Py -174.00 21.16 56.51 58.36 9142 67.18 -43.01 67.56 58.000.42
P, 21.16 -159.9 23.61 60.76 44.35 3252 5475 4342 67.31 -28.06
P 56.51 23.61 _-141.8 35.04 44.36 -30.59 2456 50.67 4422 35.25
Py 58.36 60.76 35.04 _-151.123.98 54.45 32.14 -20.47 9.40 48.56
Ps 91.65 4435 4436 23.98_ -136.339.87 21.00 41.94 -19.30 -15.34
Ps 67.18 3252 -30.59 5445 39.87_ -158.39.93 -6.81 20.59 99.65
P, -43.01 54.75 2456 32.14 21.00 39.93 -15087.51 5452 58.58
Ps 67.56 43.42 50.67 -20.47 4194 -6.81 5751 -159989.86 26.06
Py 58.00 67.31 4422 9.40 -19.30 20.59 5452 59.863.1%6 31.61
P1o -29.43 -28.06 35.25 4856 -15.34 99.42 58,58 26.(.61 _-113.3

LSD p<0.05 = 41.34)p<0.01=54.49; S.E.(sij) =74.04

The results of the investigations for SCA also weighly significant at thep< 0.01 level of
probability. The highest specific combinations (§CG#ere estimated for the hybrid combination
LeXL1p (+ 99.651), while the lowest value of SCA was oisd for the hybrid combination L,
(-43.018). For SCA value, the second hybrid contimmawas LXLs (+ 91.423). The effect of SE
(sij) for SCA of crossing parents was 74.04.

The study results show that both GCA and SCA dffene significant for ear weight trait,
indicating that both additive and non-additive ganactions were important combining of hybrids
from the diallel crosses. Two factors are considéngportant for the evaluation of inbred lines in
hybrid maize production - the characteristics @ lime itself and the behaviour of the line in a
particular hybrid combination (Maligt al, 2004). As a basic principle (Spargue and Tatled?2)
emphasised that SCA is more important than GCA agnsathected inbred lines. For the GCA, the
parent lines k(+17.028), ls(+11.81) and k(+8.85), had the best GCA, while for SCA the highes
positive effect was produced by the hybrid combamatexL o (99.65). Satisfactory performances
were also obtained from the combinatiox Ls (91.42). This value showed variability between the
investigative materials and productivity genotygabu, 2003). It was not possible to prove the
rule that inbreds with good GCA usually had goodAS®8amely, the inbred Land Lg had the
highest GCA for the investigated trait. On the othend, the highest value of SCA was found for
the hybrid LgxL 0, but parental inbreds showed a very low SCA (8d8%.¢) or negative (- 7.45 for
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Lig). S.S. Sujiprihatet al., 2001, interpreted, SCA as an indicator for thelpminance of genes
having dominance and epistatic effects while GCAnaficative for the predominance of genes
having largely additive effects. However, EW wakatigely more important than GCA among
selected inbred lines. Additive gene effects weoeenimportant than non additive since the ratio in
our results was 0.25 among GCA and SCA. The impoedaof additive and non-additive gene
action was also reported by (Hansdral, 1977, Beclet al, 1991, Alika., 1994, Sujiprihaét al,
2001). These conclusions are in agreement withebelts of this study involving selected inbred
lines. The capacity of maize for the productioreaf weight is different in our study and similar
results for EW with minimal differences from thoebtained by Misovic, (1964). The values
reported were from 30-500 g/ear. Whereas dominané gction would favour the production of
hybrids, the additive gene action as a standartieh procedure would be effective in bringing
advantageous changes to the investigated traiteeMgenotypes with lower or higher ear weight
are well known as qualitative and productive gepety Many authors as (Santos I., Miranda G. V
et al.,2005) analysed some maize cultivars for EW andinbt results up to 184.5 g /ear which
could be used as very good materials in a breediogram. Other results obtained by Radic
(1980), for EW showed a value with oscillation fr@i2 till 390 g/ear, and compared to our study
the results show a minimal difference from + 28t al3.3 g/ear, respectively. The local studies
carried out by (Fetahu, 2001), with 16 genotypesH®W in the agro ecological conditions of
Kosovo present results for some different genotypieis the experimental average value p (255.17
g/ear) and compared with our results we have aease of + 52.99 g /ear.

Conclusions

The results of our research indicate significamifferent combining abilities for EW. It was
shown that the all hybrid combinations expressemsitive heterosis effect for EW in regard to
their parents. The inbred line with the highesuealor GCA was the maize line,LLg while for
SCA was the combinationgkl ;o LiXLs, The investigation suggests that some of the irsred
represent a highly valuable genetic material tbatdcbe successfully used for further breeding.
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HETEROZES UN KOMBINAT IVAS SHEJAS 1ZVERTEJUMS KUKUR UZA:S VALITES
SVARAM ( ZEA MAYSL.), IZMANTOJOT DIAL ELISKO KRUSTOSANU

Aliu S., Fetahu Sh., Salillari A.

Petijuma nerkis bija nowrtet kukurizas 10 inb¥do finiju (Zea mays L) visgarigo un specifisko
kombinaivo sgEju. Lai veiktu noertejumu, saidzinats \alites masa inlegdagm [nijam un to k
hibridiem, kas iegti, izmantojot diadlisko krustoSanu (bez reciproka} kombiracijam).
Gergtiskas mainbas komponenti tika aglinati izmantojot Grifinga (Griffing’s) formulu (1956)
Xj=p+gi+gj+g+e, lai noteiktu adi¥o un neadivo genu efekta ietekmi uz aites masu.
Konstatts, ka aditvo genu efekts bija lidlks par neadivo genu efekts, jo attiaba starp visprigo
un specifisko kombinato sggju bija 0.25. Lielkais \alites masa iagds no hibtdas kombiracijas
LexL o (valites svars vigi 376.2 g), mazkais — kombiacijai LixL,o (valites masa vigi 240.0 g);
izmeginajuma vidgji F; paaudz valites masa bija 308.1 g. &#inot ar vegkaugu tnijam, \alites
masa k hibridiem bija lutiski lielaks neld ve@kaugiem un tas Viji izméginajuma bija +68.1
grami katrai wlitei. Ar varhitibu p< 0.01 tika konsta&ti batiski visparigas un specifisks
kombinatvas sggjas efekti.

CONSERVATION AND EVALUATION OF EX SITU AND IN VITRO COLLECTIONS
OF ESTONIAN PLANT GENETIC RESOURCES

Annamaa K.}, Kotkas K.2, Tamm I.} Kukk V.1
! Jogeva Plant Breeding Institute, Aamisepa 1, Jgestonia, 48309
? Department of Plant Biotechnology EVIKA, EstonRasearch Institute of Agriculture, Teaduse
6a, Saku, Harjumaa, Estonia, 75501, phone: +3789%06 e-mailkylli.annamaa@jpbi.ee

Abstract

The Estonian government has responded to the géffmats for conservation and sustainable use
of biological diversity by ratifying internationahgreements and establishing the National
Programme on Plant Genetic Resources for Food aynituture. The collection, identification
and conservation of plant genetic material of Bstomrigin as well establishing the network are
the essential activities of the National Programi@mce genetic resources provide the initial
material for plant breeders and scientists, sydiendatailed investigations and the improved use
of genetic resources are required.

In this study evaluation of 13 oat and 59 potatmeasions conserved in the Estonian ex situ and in
vitro genebank was conducted. Descriptors for estado were selected from the Descriptor Lists
developed by the working groups of the Europeanp€mative Programme for Plant Genetic
Resources and promoted by Bioversity Internatiohhé results of the current study will be used
in updating the databases of plant genetic ressewand these data are applicable in plant breeding
for further utilization of accessions.

Key words: genebank, plant breeding, oats, potato

Introduction

Genebanks are dedicated to conserve plant gemstnces, which guarantee their utilization in
the future (Maxted et al., 1997). According to tinéernational commitment arising from the

ratification of the Convention on Biological Divéss (Convention on ...), each country is

responsible for conservation and sustainable uggaot genetic diversity as a local cultural and
historical heritage to enhance the expediency op ctultivation and ensure the sustainable
development of society.

To realise these goals, the Estonian Governmentoap@ the National Programme for Plant
Genetic Resources for Food and Agriculture (PGRIRA002. The mandate of the programme is
the collection, conservation, evaluation, chardation and documentation of plant genetic
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material of agricultural crops of Estonian origihus providing a basis for the future use of the
genetic resource by plant breeders and resear@henamaa and Kukk, 2005).

The responsibility to conserve the Estonian PGREA leen taken by the following institutions:
the Jogeva Plant Breeding Institute (J6geva PBljporg term ex situ seed collection; the
Department of Plant Biotechnology EVIKA of the HsiBn Research Institute of Agriculture
(EVIKA) — meristem plants in vitro; the Polli Hoctiltural Research Centre of the Estonian
University of Life Sciences — fruits and berriebe tBotanical Garden of Tartu University —
medicinal and aromatic plants, ornamentals; andDbpartment of Gene Technology of the
Tallinn University of Technology — molecular andngéic characterization of accessions. About
4500 accessions, mainly of Estonian origin, havenbeollected and maintained by the relevant
stakeholders. All accessions are documented inrdanoe with the internationally agreed passport
descriptors (FAO/IPGRI Multi-Crop ...).

The International Treaty on PGRFA (Internationakdty...) recognizes that the conservation,
exploration, collection, characterization, evaloatand documentation of PGRFA are essential in
meeting the goals for sustainable agricultural @gpreent for this and future generations. The
Estonian Government, by approving the Treaty, ltha@vledged the responsibilities and applied
relevant finances for the second phase of the Nati®rogramme in the years of 2007-2013.
During this period the main goal is to proceed witle characterization, evaluation and
documentation of the maintained accessions. Infitee place it is planned to focus on further
investigation of crops whose regeneration is mogptiut.

The evaluation and characterization of some cragh @s oats, potato, wheat and forages has
already been started during the first period of Nwetional Programme. The varieties were
characterized in field trials during which the itdgnof accessions was also checked in the field
and in laboratories.

The aim of this study is to evaluate and charamtethe oat accessions of Estonian origin
conserved in the Gene Bank of the Jogeva PBI atadgaccessions conserved in vitro in EVIKA.

Materials and Methods

Oats. The oat collection was formed on the basisreéders working collections at the genebank
of the Jogeva Plant Breeding Institute. In tothEré are 13 oat varieties (Avena sativa L.) of
Estonian origin conserved in the genebank.. Eiglttvarieties, the oldest of which was Kehra
saagirikas bred in 1929, were repatriated from\thgilov Research Institute of Plant Industry
(VIR) (Kukk and Annamaa, 2005) Safety duplicateshef accessions are maintained at the Nordic
Genetic Resources Center. Descriptions of all Estoroat varieties are presented in the
publications of the J6geva PBI (Tamm, 2003). Theluation, characterization and regeneration of
the genebank accessions are carried out in coopekgith the breeding departments of the J6geva
PBI.

Field experiments were conducted on 13 oat acaessibthe J6geva PBI in the 2006 and 2007
growing seasons. 5 m2 plots were planted in twboations with the sowing rate of 600 seeds m2.
The applied fertilizer level was N70P16K29 and a xtore of Lintur 70 WG
(dicamba-+triasulfuron) (120 g ha-1) and MCPA 7500(%nl ha-1) was used for chemical weed
control. The varieties Jaak and Villu were perfodnas standard varieties.

Oat accessions were characterized for 28 traiextal on the basis of biological and economical
importance in Estonian conditions from the inteioral oats descriptor list (Oats Descriptors,
1985). The accessions were visually assessed fdra#® in the field (Table 1). Yield, grain
moisture, 1000 grain weight, test weight and thecgmtage of husk for each accession were
measured after harvesting. The protein content @esrmined by the Free and Open Source
Software for Near Infrared Reflectance Spectroscdp@®SSNIRS) system methods at the
laboratory of the J6geva PBI.
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Table 1. List of the descriptors of the oat coll@tiobserved in the field trial at the Jogeva PBI
during the growing season of 2006 and 2007.

1. Growth habit 9. Lemma colour 16. Lodging amature stage
2. Plant height 10. Kernel covering 17. Lodgingnature stage
3. Nodes hairiness 11. Awnedness 18. Crown rust

4. Hairiness of leaf sheath 12. Tillering 19. Stast

5. Hairiness of leaf margin 13. Days to heading 2Bowdery mildew

6. Shape of panicle 14. Days to harvest 21. Loosés

7. Erectness of panicle 15. Number of fertile tdle 22. Spot blotch

8. Erectness of spikelets

Potato. Active collections of potato genetic resesrare conserved at the Jégeva PBI (field
collection) and EVIKA (meristem plants in vitro)n Ithe field collection there is a risk of
germplasm loss due to unfavourable climatic cood#ior pests infections and pathogens, which
can be minimised by introducing germplasm intouéssulture. In the research institutions
involved in the conservation activities, presemmativith microtubers is widely used (Kostrica,
1987; Kwiatowskiet al.,1988; Espinozat al, 1992; Dobranszki, 1997). In EVIKA a whole series
of experiments were carried out with the aim toemsts the influence of different culture medium
components, growth conditions and other factorscéfig plant regeneration, productivity and the
prolongation of the sub-culturing interval. On thesis of these experiments, optimal preservation
medium and long-term preservation conditions imovitave been developed for many varieties.
The microtubers are frozen for 1-1.5 years.

EVIKA has had the experience of preservation irovif potato varieties as well as breeding lines
and local landraces for more than 20 years. Alb@need accessions are disease-free and tested for
virus infection many times. For the disease egtitin the technology created in EVIKA is used
(Kotkas and Rosenberg, 1999). The eradication systsists of 3 cycles: 1) the selection of the
initial material, thermotherapy, the cultivation mieristem tips and testing for virus infection; 2)
re-eradication and field-testing on varietal idgntguality and disease resistance; 3) renewaief t
material.

Table 2. List of the evaluated descriptions of fmt&ccessions in EVIKA in 2002—2004

1. Growth habit 20. Pigmentation of floral stalks 9.3 Sprout shape

2 Foliage cover 21. Pigmentation of cork ring 40Sprout color

3. Plant height 22. Corolla size 41.  Sprout pigragoh intensity

4 Stem thickness 23.  Corolla color 42.  Sprout migtation
distribution

5 Stem number 24.  Corolla color intensity 43. dcdf rootlets

6. Wing size 25.  Size of white tips 44.  Sprout mdsmce

7. Wing shape 26. Pigmentation of stigma 45.  Msturi

8 Leaf size 27. Berry set 46. Foliage development

9. Leaf pubescence 28. Tuber shape 47.  Tuberization

10. Leafseton stem 29.  Tuber shape uniformity 4&umber of tubers

11. Leafintensity of color 30. Eye depth 49. Tubiee

12. Pigmentation of midrids 31. Heelend 50. Yietdential

13. Number of leaflets 32.  Skin color 51. Grading

14. Terminal leaflet shape 33.  Skin pigmentatidensity  52.  Drought resistance

15. Lateral leaflet shape 34. Pattern of skin pigtaion 53.  Drought susceptibility

16. Junction between leaflets  35.  Distributionldhs 54.  General storage ability

pigmentation

17. Secondary leaflets 36.  Skin texture 55.  Dormanc

18. Degree of flowering 37.  Flesh color

19. Inflorescence size 38. Flesh pigmentation

The field trial was conducted on 31 potatokanum tuberosurh.) varieties and 28 valuable

breeding lines of Estonian origin in 2002—2004 (€&d). Each year of the experiment, the plant
material initially preserved and propagatedrasitro meristem plants was used. The pre-growth
and acclimatization of meristem plants was caroatin the greenhouse. Adding to in the field
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collection and cultivation was accomplished witle thotato cultivation technology created in
EVIKA. 20 plants per accession, 1180 plants in Itoteere planted into the first year field
collection. Rooting, quality of plants, floweringlisease resistance and true-to-typeness were
estimated during the vegetation period. 40 tubersapcessions were separated during the harvest
for establishment in the field collections in 20@R03 and 2004.

Potato accessions were characterized for 44 bataficbers 11; sprouts 6; plant 27) and 9
agronomical traits in accordance with the accegealuation method of potato accessions and
international potato descriptors (Descriptors for1977).

Results and Discussion

Oats. The standards of oats descriptors (Oats P, 1985) and The International Union for
the Protection of New Varieties of Plants (UPOV0@D were followed compiling the list of
characteristics evaluated in the field trial at didgeva PBI in a two-year experiment. The weather
conditions of both trial years were exceptionally,dhe drought considerably affected the traits of
the tested varieties.

The data of economic data of plant breeders irtenes particular (Table 3) are investigated
hereafter.

Table 3. The evaluation of the oat accessionseal@igeva PBI (the average of 2006 and 2007)

Accessior Registr. Yield, Plant Growing 1000 g Spot Protein Husk  Test
Variety year Height period Weight blotch content content weight
number kgha® cm  days G pointsgkg® gkgt gl?
JPBI 4 Jaak 1995 3026 76 87 36.1 3 152 254 473
JPBI 13  Villu 1999 3015 68 89 32.8 3 145 245 496
JPBI 9 Kehra saagirikas 1929 2542 86 93 33.7 5 15848 493
JPBI 7 Jogeva roostekindlarh930 2574 87 93 31.6 4 175 262 474
JPBI 10 Kehra varajane 1930 2638 87 920 325 3 156 57 2 477
JPBI 5 Jogeva agu 1939 2336 79 93 32.9 4 171 247 4 45
JPBI 6 Jogeva koidukaer 1939 2402 81 90 35.0 3 14852 481
JPBI 8 Jogeva seisukindlam 1939 2457 79 93 30.9 366 1 252 444

JPBI 3 Hamarik 1952 2653 87 92 33.5 4 156 276 495
JPBI 2 Ella 1976 2836 74 91 35.4 4 154 273 477
JPBI 12  Viker 1980 2732 84 92 33.8 4 159 261 489
JPBI1  Alo 1986 2732 73 91 30.5 3 153 259 471
JPBI 11 Miku 1991 2906 68 88 31.0 3 139 249 515
LSD 0.05 182 4 2 1.7 0.5 9 10 9

Due to dry conditions there was no occurrence efrtiost widespread plant diseases in Estonia
such as crown rust and black stem rust. Spot bletchobserved to a low to moderate level in both
years, 3-5 points on a 9—point scale. Most vasgetigplayed almost equal levels of spot blotch
infection, only Kehra saagirikas was more suscépthmn the others.

The grain yield of the standard varieties Jaak\4fld exceeded the old varieties by about 7-30 %.
The old varieties Jogeva agu and Koidukaer shohedbtvest yielding capacity.

In normal growing conditions the average 1000 gra@ight of oats at the JBgeva trials is 38 g
(Tamm and Tamm, 2002) but in the dry trial year@&8nd 2007 it was significantly smaller. The
varieties Jaak, Ella and Koidukaer were distingeisfor large size of their kernel.

Standard variety Jaak is the tallest listed variatfestonia but older varieties were even taller.
Previous studies have shown that oat plants ar@lysabout 20-30 cm taller in comparison to the
2006-2007 trial years which had dry conditions. plaat height of the older varieties exceeded by
6—-19 cm the medium-height standard variety Villld€D varieties are possibly more susceptible to
lodging. No lodging however was observed in anthefcultivars over the trial period.

The duration of the vegetative period (days to @stjvis a very important trait in oat cultivation
and is directly correlated with grain yield anddtsality (Loskutov, 2005). The earliest variety was
Jaak (87 days). All older varieties had a longemgng period than the standards.
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The protein content was high in comparison to #seilts obtained by the J6geva PBI in field trials
during the last decades. Some obsolete varieti@geyad agu, Jogeva roostekindlam) appeared to
have high protein content compared to modern vesiet

The average husk content at the J8geva trials des dbout 25 %. The Husk content of most of the
older varieties was close to standard Jaak. Soder vhrieties exceeded the standards. There were
no varieties characterised by low husk content.

The test weight of the majority of the obsoleteietses was equal or higher than that of the
standard variety Jaak but lower compared to thelsta variety of Villu.

The evaluation of the Estonian accessions will iooit along with the evaluation of about 600
European oat accessions at the Jogeva PBI witkeirfrimework of the project of the European
Community programme “Avena genetic resources faligjuin human consumption — AVEQ” in
2008-2010 (Avena genetic resources...). In additbafé descriptors characterized in 2006—2007,
color of lemma, the emergence and the number afssger panicle will be observed in the field in
six countries. Fat content and mycotoxin contanomatvill be analysed in laboratories.

Potato. 44 botanical characteristics and 9 agrocalmiharacteristics of 59 Estonian potato
accessions preserved thevitro genebank in EVIKA were evaluated. The evaluatibrp@tato
cultivars based on phenotypic characteristics camffected by environmental factors, therefore
the evaluation was performed for three times. TNerage climatic conditions for a 3 year period
were quite similar and every time the same persgre involved in the evaluation process. On
account of this the results differed through thargeonly 1...2 points in scope in the case of plant
height, degree of flowering, number of tubers arigkt size.

In the field collection evaluation were performédee times. The summarized data were analyzed
and used to update the database. Also a catalogju¢he definitions of the evaluated descriptors
and character references per accessions was assembl

All information obtained is available for potentipbtato genetic resource users in Estonia and
abroad at the present on request, and also sottre anternet

The results of this study provide valuable inforimatabout the influences of long-term in vitro
preservation on the genetic stability of potatoistem plants. The medium-term preservation of
potato genetic resources as meristem plants in dtres not affect the genetic stability of the
genotypes.

In vitro preserved accessions can be used as tal imaterial for breeding, research, for the
propagation of disease-free material for seed mimlu and for the establishment of field
collections.

Conclusions

The conservation of the national heritage of ptganetic resources for food and agriculture is an
obligation of every stakeholder confirmed by intgranal agreements. Estonian PGR institutions
have fulfilled their commitment in accordance witte International Treaty on PGRFA and the
common guidelines of the European Cooperative Rrogre for Plant Genetic Resources
(ECPGR). Passport descriptors of Estonian accessiene assessed and recorded in the national
database during the first phase of the Estoniaioh&tPGR Programme in 2002—-2006. The main
objectives for the programme period 2007-2013 & dvaluation and characterization of
maintained accessions according to the interndtioagreed descriptors.

Relevant investigations were commenced on oat atat@accessions. The results of the current
study are important for complementing the datalmigbe Estoian PGR which in addition to the
passport data and the evaluation and charactenizdita of potato and oats provides more detailed
information about the accessions. Besides, thauatiah data of internationally agreed descriptors
will be included in the European Crop DatabasethefECPGR and the European Plant Genetic
Resources Search Catalogue (EURISCO), which mdleg&s$tonian material more available for
other institutions and at the same time it widehe genetic base of our local breeding
opportunities.

The evaluation of the oat accessions of Estoniaginowill continue during of 2008—-2010 in the
framework of the European Community project “Avegenetic resources for quality in human
consumption — AVEQ".
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The follow-up project was carried out in EVIKA fahe evaluation the next set of 60 potato
accessions, including 26 landraces and 10 oldésties in 2005-2008.
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IGAUNIJAS AUGU GENETISKOVRESURSU EX SITU UN IN VITRO KOLEKCIJU
SAGLAB ASANA UN NOVERTESANA

Annamaa K., Kotkas K., Tamm |. Kukk V.

lgaunijas valtba ir atsaukusies uz glabjiem biolgsiskas daudzveithas saglai$anas un
ilgtspejigas izmantoSanas centieniem, radjfic starptautiskosigjumus un izveidojot nacialo

partikas un lauksaimnigbas augyeretisko resursu programmu. NioZigas programmas aktigies
bija Igaunijas izcelsmes augierstiska materila sa@kSana, identifieSana un saglabana & an

sisemas izveidoSana. aT ka gergtiskie resursi nodroSina izejmat@u selekcioariem un
zinatniekiem, ir nepiecieSami detadtk petjumi un @pilnveido gergtisko resursu izmantoSana.

Saj petjjuma veikta 13 auzu un 59 kartupeparaugu nartédana, kas tiek glab lgaunijasex situ
un in vitro génu bank. NowerteSanas deskriptori tika atiéisno Eiropas Augusergtisko resursu
kooperaivas programmas darba grupu izveidoin Bioversity International atbait deskriptoru
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saraksta. Spetjuma rezuliti tiks izmantoti augugerstisko resursu datuaku papildimSanai un Sie
dati ir pielietojami #lakai paraugu izmantoSanai augu selekcij

NEW POTATO VARIETIES RESEARCH IN LITHUANIA

Asakavitiaté R., Razukas A., Jundulas J.
Voke branch of Lithuania Institute of Agricultutéalioji a. 2, Trak Voke, Lithuania, LT-02232
phone: +370 52645439, e-maita.asakaviciute @voke.|zi.It

Abstract

Potato breeding and seed production in Lithuanizagied out at the Voke Branch of the
Lithuanian Institute of Agriculture. Potato breeglimork involved Lithuanian potato varieties,
varieties from various collection and hybrids. Poterosses were done at the autotetraploid level
in the glasshouse and potato variety collectiolu fielp to two million hybrids were tested in the
trial fields. The key objective was to select tlaiseties immune to wart disease, cyst nematodes,
with high resistance to other diseases, with emebgronomic and cooking qualities, suitable for
the processing industry. As the result of breeduogk five new varieties were produced: Venta,
VB Rasa, VB Liepa, Goda and VB Aista. They all anenune to the worst potato disease - wart
(Synchtrium endobioticurBchilb.). Most of them are resistant to a localopgie of nematodes
(Globodera rostochiensid/oll.). Other advantages such as good yield, esneliooking qualities,
good taste or attractive shape were the main iterpeoducing Lithuanian potato varieties as well.
Potato seed production from meristem tissue aebitologic laboratory is carried out in the Voke
branch of Lithuanian Institute of Agriculture. # the centre for potato seed production in
Lithuania.

Key words: potatoes, potato breeding, resistance to nemsiakd diseases

Introduction

For years potatoes have been a staple food crbjthimania. Potatoes were grown on every farm
by everyone who had land for agricultural purpodé® main potato uses in Lithuania are for
human consumption, livestock feeding and manufaxgur

Potatoes are usually bred using the hybridizati@thod (Chauviret al, 2003). Parental plants
which have perfect quality features such as higiding, earliness, resistance to diseases and
pests, dry matter content and can pass on thagettraheir progeny are the desired ones. In the
potato breeding process the most important arevdhieties and hybrids which belong to or have
progeny of nine systematic groupsomersoniana, Glabresantia, Acaulicand Transa
equaatorialia, Andigena, TubergdaongipedicellataDemissaandPinnatisecta They give proper
genetic diversity for the cultivated potato vaest{Loughet al, 2001).

The most effective and most expensive way to fightatodes is by breeding new varieties,
resistant to nematodes. Potato varieties which maveesistance against nematodes die without
yield production in soils with high number of new@és. Resistant varieties in the infected fields
decrease the number of nematodes in the soil (Raz@002). Resistant variety can decrease the
number of the nematodes up to 70 %. Potato nematmdequarantined in Lithuania. The import
and export of infected tubers is strictly forbidden

Another very important quarantined potato diseasevart diseaseSfynchtrium endobioticum
Schilb.). The best way to fight wart disease igtaw resistant varieties. The growing of resistant
varieties decreases wart infection in the fielde Tifection usually disappears after ten years. It
obligatory for all new potato varieties to have weesistance for growers in the Republic of
Lithuania.

In Lithuania and in all European countries it istgumportant to secure a potato harvest in order t
bring it to a summer market as soon as possiblenvgnices are higher (Bradshatal, 2006).
The developing Lithuanian potato industry also msepdtatoes suitable for chips production,
because the main crop variety after a long stotage. From the agrotechnic point of view
potatoes are also greatly valued because of theit growing period. In crop rotation, the field
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after potatoes can be sown with winter crops. Asrdsult of the breeding work the new varieties
Venta, VB Rasa, VB Liepa, Goda and VB Aista weredbr

The aim of many years of research was to breed pawato varieties, immune to wart disease,
potato cyst nematodes and with other advantagesod gesistance to diseases, resistant to
mechanical injuries, with good agronomic and coglkgralities and suitability for the processing
industry.

Materials and Methods

Research on Lithuanian new potato varieties wasechout at the Voke Branch of the Lithuanian
Institute of Agriculture during the period 1992-200The potato varieties welwed using the
hybrid cross method. The variety Venta was obtagféel crossing Priekulu visagrie x Piings.

The variety VB Rasa — Cardinal x Viola. The vari&t3 Liepa - No 34/36 x Pirfinés. The
cutivars Goda — Ausonia x Franzi and VB Aista -268 x No 476-9.

For the crossing, tubers of parents varieties \gtaeted in the greenhouse in the peat and organic
manure mixture on the top of a brick. The firstiegr was a mother plant and the second one - a
father plant. The hybrid berries were collecte@npdd in the peat pots next year and transplanted
to the potato selection field after the spring Zieg danger was over. The best potato clone was
selected from many others. Selection of the cl@séstant to late blight and other diseases in the
field and during potato storage gave the expedasdltis. The resistance to wart disease and potato
cyst nematodes was tested at the Institute of Plaotection in Byelorussia.

The varieties plots were established on sandy lmamwarbonaceous fluvial-glacial gravel eluviated
soil (IDp), according to FAO-UNESCO classificatibtaplic Luvisols(LVh). All four varieties
were tested and grown on soddy podzolic sandy Isaitnin a crop rotation field of the breeding
department of grasses. The trial field was fesdizvith organic manure - 50 t’hand the mineral
fertilizers 90 g kg N, 90 g kg' P, 90 g kg K. Tubers were planted by hands into the rows. All
plots of the field were fully randomized, the numloé replications in different years was up to
four. The size of the plots was also different, éath plant feeding plot always was 0.7 x 0.35 m
In the first three years potatoes were harvestedhdnd, later with a potato digging machine.
Tubers were stored in the underground potato stoaagatural conditions: +1 to $€ and 80-90

% humidity in the winter season (RaZulasl, 2001).

Statistical data analysis

The results were analyzed statistically for randmaisplit-plot design and the Tukey test was used
to verify the significance of differencescat 0.05. All data were subjected to ANOVA

Results andDiscussion

Maincrop varieties produce the highest potato yieltlithuania. There are donors with resistance
to late blight in this group. The genetic mategélearly and late maturity groups is used for
breeding maincrop maturity potato varieties. Spgenigthods were used to prevent discrepancies in
the flowering time.

Potato variety Venta (Priekulu visagrie x Pumas). The variety Venta was bred at the ok
Branch of the Lithuanian Institute of Agricultudéhas been the Lithuanian National Variety List
since 1997. Venta matures very early. The tubegsraund, with medium-deep eyes. Skin and
flesh colour is light yellow. Cooking characterstiare perfect. There is no browning after peeling.
The taste is excellent. The variety is the salq.tyrhe starch content is to 14-16 %. The variety
Venta is resistant to wart disease; it possessed fjeld resistance to the black leg and potato
leafroll virus. Storage characters under controdedditions are excellent

Potato variety VB Rasa (Cardinal x Viola). The edyiis late. The plants are compact, the flowers
are violet. VB Rasa has high yielding and staratteat characteristics, field resistance to common
scab, immunity to wart disease and to the Rol ya¢odf golden nematodes.

Potato variety VB LiepaNo 34/36 xPirminés). The variety is early. The plants are compact,
flowers are violet. Tubers are round, medium ire sizith shallow eyes. Flesh and skin colours is
light yellow. Sugar content is low. No browningeafpeeling and cooking. Starch content is to 20
%. Resistant to potato cyst nematode. Tubers Hyeréisistant to late blight.
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Potato variety Goda (Ausonia x Franzi). The potatoety Goda was bred at the \boBranch of
the Lithuanian Institute of Agriculture. It hastime Lithuanian potato list since 2001. The varisty
early. Tubers are oval round, medium in size, wgitlallow eyes. Flesh and skin colour is light
yellow. The sugar content is low. No browbibg afpereling and cooking. Suitable for the chips
industry. Starch content is to 16-17 %. The varistyesistant to potato cyst nematode, Rnd
wart disease. Foliage is fairly resistant and tsilfielly resistant to late blight and to tuber btigh
Storage is good.

Potato variety VB Aista (No 263 x No 476-9). Theiety was bred at the VékBranch of the
Lithuanian Institute of Agriculture. VB Aista hasdn on the Lithuanian potato list since 1999. The
bush is stretched out, the stems are tall. Thediteware white, of medium size. The variety flowers
abundantly and for a long time. The tubers are y#fjowish, flat round with shallow eyes. The
output of commercial tubers is 90 %. Starch coniemiigh, to 21 %. The variety is good for the
starch industry. The potatoes are palatable. Thiedopotatoes do not get dark. The variety is
resistant to wart disease, potato cyst nematodel&e blight. The variety is resistant to drought,
can be grown in all kinds of soil using proper imaltion techniques. The variety is resistant to
mechanical injuries while harvesting; is of gooarage quality

Potato varietys Venta, VB Rasa, VB Liepa, Goda af&l Aista main features description is
presented in Table 1.

Table 1. The main feature varieties of Lithuaniatefo
Potato varietys

Characters Venta VB Rasa VB Liepa Goda VB Aista
Parantage Prieku_lu visagrie Cardinal X Nq 34/36 x Ausonia} X  No 263 x
X Pirmanés Viola Pirmanés Franzi No 476-9
Lightsprout: anthocyanin
coloration of base 2 ! 2 2 1
Plant: frequency of 3 7 7 3 7
flowers’
Flower.corolla. color of 5 5 5 1 1
inner sidé
Tuber: shapk 1 3 1 1 1
Tuber: color of skinh 1 2 1 1 1
Tuber: color of flesh 3 4 3 4 1
Plant: time of maturity 1 7 3 3 9
Cooking typé A BC BC BC BC
Resistance to leaf blight 4 8 4 7 8
Resistance to tuber blight 8 9 9 9 9
Resistance to nematdde 4 r r r r

'anthocyanin coloration of base: 1 — red-violet anrdblue-violetrequency of flowers: 3 — low and 7 —
high; 3color of inner side: 1 — white and 2 — red-viofshape of tubers: 1 — round and 3 — o¥@djor of
skin: 1 — yellow and 2 — refcolor of flesh: 1 — white, 3 — light yellow and 4yellow; ‘maturity: 1 — very
early, 3 — early, 7 — late and 9 — very I&amoking type: A — firm B — fairly firm and C — floury;
*resistance to blight: 9 — very good, 8 — good rdther good and 5 — rather susceptiblesistance to
nematode: r — resistant and 4 — susceptible.

Concentrated attention is given to the disease @edd resistance of the new varieties. Such
diseases as wart, nematodes and viruses can b@atbuoh partially or fully by producing new
potato varieties using genetic material which high lhesistance or are immune to one or another
disease and pest (Asakavicieteal, 2006).

In Lithuania the most harmful potato disease is laight Phytophthora infestans)rhe disease
decreases the plant leaf assimilation area andogespotato foliage at potato tuberization. Virus
infection affects the potato yield and during sg@r@eriod causes different rots. Comparatively late
maturity potato varieties such as VB Aista exhithitiee highest resistance to late blight

At the present time there are eight potato vasdetieed at the Vak Branch of the Lithuanian
Institute of Agriculture in the Lithuanian potatstl Mean quality data is presented in table 2.
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Table 2. Lithuanian new potato varieties main dugloints in competitive trials (Trakvoke,
2002-2007)

Potato varietys Vegetation Yield, tha Starch,gkd  Dry matter, g kg r-)r(f}rsstg,
Venta very early 27.9+0.88 150.1£6.71 202.4467 8.0+0.09
VB Rasa Late 246 £0.74 198.8 + 8.60 236.6+£7.82 7.0£0.04
VB Liepa Early 29.3+0.92 185.3+7.44 224.1 +3.7 8.1 +0.07
Goda Early 35.2+1.21 170.4 £6.19 210.7+£4.91 6 180.08
VB Aista very late 28.4+0.84 203.6 + 9.75 247.8.40 7.2 +0.05
LSDys 0.861 6.068 7.548 0.143

! taste point -.0 (bad) — 9 (good)

Last five years of testing in the competitive potabmparison trials show that the lowest potato
yield was from the VB Rasa variety. The mean datasthat yields have reached 24.6 tones per
hectare, the when longer maturity potato variet@oda — produced over 30 tones per hectare. The
highest mean potato yield was from the potato #ya@nda. It has reached 35,2 tones per hectare
seed potatoe yield. The potato quality data shat the potato starch depended on the potato
variety’s. So the highest starch amount was pratdliigethe special potato variety for the starch
industry — VB Aista. It was over 20 percent, whé&rser maturity potato varietys had a starch
amount up to 18 percent. The best taste over 8pbriongedo the main table potato variety —
Goda.

Conclusions

The potato varietys Venta, VB Rasa, VB Liepa, Gadd VB Aista were breed at the \boRranch

of the Lithuanian Institute of Agriculture. Variet give good quality yield not only in the big
farms but also in small potato garden plots.

All varietys are immune to the main quarantine obja Lithuania — wart disease. The potato
varieties Goda, VB Liepa, VB Rasa and VB Aista areamune to the potato cyst nematode
Globodera rostochiensiRo; patotype. All varieties have good field resistamagminst the most
widely spread diseases — black leg, viruses, consuah, rizoctonia and etc. Their foliage have a
fair resistance and tubers a good resistance ¢oblaght. Storage characteristics under controlled
conditions are good.

The Lithuanian potato breeding program’s main neteabject was and in the near future will be
early and maincrop, immune to wart and nematodestgeelection. Due to ther high resistance to
disease and pests all Lithuanian potato varietieg@halent for growing in ecological farms.
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JAUNU KARTUPE LU SKIRNU PETIJUMI LIETUV A

Asakavi¢iute R., Razukas A., Jundulas J.
Kartupdu selekcija un &laud£Sana Lietug tiek veikta Lietuvas zemkdpas instiita Vokes
nodda. Kartupéu selekcijas darbs aptver Lietuvas karlup&irnes, kolekcijasi§rnes un klonus.
Kartupdu krusto3ana tetrapita Iimer tiek veikta siltumicas un lauka kolekdij Vairak ka divi
miljoni hibridu (klonu) tiek izerteti izméginajumu lauki. Galvenais rerkis ir veidot jaunas
kartupéu Xirnes, kas ir iztugas pret ¥zi un nematoem, kuam ir augsts iztdbas imenis pret
citam slintbam, izcilas agronomigis un garSafpadbas, & af pienerotiba farstradei. Selekcijas
darba rezufita izveidotas piecas jaunas kartip&irnes: Venta, VB Rasa, VB Liepa, Goda un VB
Aista. Tas visas ir iztuigas pret tstanzko kartupgu slimibu — kartupks vezi (Synchtrium
endobioticumSchilb), vaikas no am ir izturigas pret vigjo nematodes patotipuG(obodera
rostochiensidNoll.). Citas pammes Kk augsta raza, izcilas gar§aa3bas, kK af pievilciga forma
bija galvenie iemesli S&Bnu atlas.
Kartupdu sklaudzSana ar merisinu metodi tiek veikta Lietuvas zemkbps instiita Vokes
noddas biotehnolgiskaja laboratorifi. Tas ir kartupki £klaudzSanas centrs Lietay

APPLYING COLCHICINE AND ORYZALIN IN LILIUM L. POLYP LOIDISATION
Balode A.

Latvia University of Agriculture, Liela iela 2, $glva, Latvia, LV-3001
phone: +371 63005629, e-maihtra.balode@llu.lv

Abstract

The genus Liliuml{ilium L.) is a vegetatively propagated bulbous plant e ofithe economically
most important of bulb flowers. To obtain new vies with a wide range of colors and resistance
to grey mold caused by fungiotrytis Micheli ex Fr. a breeding program was carried diite
spreading of this fungus disease causes heavyslassplants loose their general attractiveness. In
lily breeding current activities are directed todsthe development of disease resistant cultizars t
avoid the use of chemicals to be economically soand ecologically safe. The goal of this
research was to investigate and to optimize polgiglan the breeding of lilies. Several
biotechnological methods were used to obtain néywvarieties. A crossing between different
hybrid groups of lilies is not possible under natuconditions therefore embryo cultivation
techniques are being developed to overcome incahilitsitbetween plants and limiting factors
after fertilisation. Mitotic and meiotic polyploisktions are applied and can result in fertile
allopolyploids. The chromosome count of the vaeitan be changed by treating bulb scales with
a 0.1, 0.5 and 1 g Kgcolchicine solution and 0.05, 0.1 and 0.5 g &gyzalin solution.

Key words: chromosomes, mitotic and meiotic polyploidisations

Introduction

The genusLilium L. includes approximately 100 species, subspearas varieties of species
distributed throughout the cold and temperate pafrthie Northern Hemisphere (McRae, 1998).
The overall appearance of all plants is controledely by their genes that are packaged in
chromosomes. Each species has a fixed number aincsomes in their cells, but the number may
differ between species. Each celllalium species has 24 chromosomes, or 12 pairs of ditfere
chromosomes (2n = 2x = 24). These plants with faired chromosomes are termed diploid, from
the Greek word for ‘double’ (McRae, 1998). Polygkhave more chromosomes in every cell than
others. The offspring of a tetraploid parent andioid parent is a triploid; this results from a
failure of meiosis in one of the parents. With tH&6 chromosomes, triploid lilies are difficult to
cross with others. Tetraploid lilies have 48 chrsomes; this is double the normal number of
diploids.

The reasons for using polyploidy in lily breeding @he larger flowers, the stronger stems and in
interspecific hybridization the restoration of Reérflity at the tetraploid level (Van Holsteijn,
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1994; Van Tuylet al, 1990). Interspecific hybridisation and polyploidse recognized as the most
important sources of evolution and domesticatioflafiering plants. To overcome F1-sterility,
mitotic and meiotic polyploidisations are applieddacan result in fertile allopolyploids. A
distinction was made between mitotic polyploidisatiand meiotic polyploidisation. Mitotic
polyploidisations possess one homologous chromosatmeMitotic polyploidisation comprises all
techniques in which artificial chromosome numbeuldimg was accomplished by treating bulb
material with colchicine. Meiotic polyploidisatiasften shows irregular chromosome division that
results in two unreduced chromosome numbers (Vai dwal, 1990; Van Tuyl and Ki-Byung,
2003).

Polyploids are obtained through artificial chromwm&odoubling by treatment of vegetative tissue
with spindle inhibitors such as colchicine (Blale=sland Avery, 1937; Emsweller, 1988) or
oryzalin. Colchicine has been used for doublingribmber of chromosomes of many crop plants
over a period of more than 50 years (Blakesleefaraty, 1937). Colchicine is a natural alkaloid
with an antimitotic activity, obtained from the ptaColchicum autumnalé. (Emsweller, 1988;
Van Tuylet al, 1990). When colchicine is present in a cell tkatndergoing mitotic division, the
chromosomes split at all points except the centrem&he main action of the colchicine is to
prevent the formation of a spindle so the anaphasement of the chromosomes does not take
place and the cell fails to divide. When the daeglghromosomes finally divide, they are all
included in one cell and the chromosome numbeigked. To be effective colchicine must be
present in the cell when the chromosomes dividdchmne is very harmful to humans and in
some cases shows undesirable mutagenetic activipyamts (Van Tuykt al, 1990). In addition to
colchicines, several other chemicals are also &ffe doubling the chromosome number. One of
the chemicals that also inhibits mitosis activitylas used for doubling the chromosome number in
lilies is oryzalin. For doubling the chromosome togmn oryzalin is used for other plants as well —
such as: potatoes (Van Tusd al, 1992; Verhoeveet al, 1990), tobacco (Scree Ramwdual,
1991). The goal of this research was to investigatd to optimize polyploidy in the breeding of
lilies.

Materials and Methods

The polyploid forms were produced utilizing bultakes of diploid lilies (2n = 2x = 24). In the
present study, scales from diploidal lily bulbsnfrd3 different genotypes were tested: Asiatic
hybrids — ‘Arabeska’, ‘Baltais dcis’, ‘Brushstroke’, ‘Evrika’, ‘Lasteka’, ‘Lolly’, ‘Miss Alice’,
‘Nakts Tango’, ‘Saules Meita’, ‘ViSenka’; Trumpetylirid ‘Zemgale’ and the speciek.
kesselringianunMiscz. andL. monadelphunBieb. The chemicals colchicine and oryzalin were
used in chromosome doubling. Bulb scales wereedeaiith a 0.1, 0.5 and 1 g kgolchicine
solution and a 0.05, 0.1 and 0.5 g'kgyzalin solution.

For chromosome number determination, the bulbs wepe in a washed river sand medium at 25
°C for 3 weeks — until clean and white root tipsl fikeveloped. Prior to chromosome counting,
these bulbs were kept for 24 hours at 4 °C. Afier treatment, undamaged healthy root tips were
cut off — about 5 to 7 mm long, and washed undening water. Because the process of cell
division can be stopped by colchicine before chremnees multiply, all dividing cells are allowed
to proceed up to this stage. The cut root tips vpereinto 50 ml beakers filled with 0.7 g kg
colchicine solution and kept for 2 hours; then veasthree times in running water and transferred
to a modified Clarke’s Fluid (750 g keethyl alcohol, 250 g Kgethanol glacial acetic acid) for 30
min at 20 °C. The acetic acid effect was neutrdlibg keeping the tips of the rootlets for 45
minutes in distilled water and 24 hours in 700 ¢ &thyl alcohol. For chromosome counting, the
root tips were left for 48 hours in a colouringan of 5 g kg carmine in 450 g Kgpropionic
acid. The root tips were cut to about 1-2 mm anda drop of stain, mashed with a steel needle.
The preparation was then covered. With a microscbgechromosomes were counted and cells of
five rootlets inspected for each genotype.

Results and Discussion

The bulb scales were treated with a 0.1, 0.5 agdkg" colchicine solutions. The treatment with
0.1 g kg' colchicine solution resulted in the productionidf bulblets per scale on average (min -
0.1; max - 2.8) (Fig 1).
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Figure 1. The results of the production of bulblgtgreated bulb scales with 0.1 g'kgplchicine
Abbreviations: K1 — 0.1 g kbcolchicine; Sx — Standard error

The treatment with a 0.5 g kgolchicine solution resulted in 0.97 bulblet oiage (min - 0.1;
max - 1.9) (Fig 2).
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Figure 2. The results of the production of bulbletgreated bulb scales with 0.5 g'kg
colchicine
Abbreviations: K2 — 0.5 g kgjcolchicine; Sx — Standard error

Bulb scales treated with 1 g kgolchicine solution produced 0.2 bulblet per scaleaverage (Fig
3). This concentration turned out to be toxic. Tuse of this concentration resulted in the
production of 10 polyploid plants.
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Figure 3. The results of the production of bulbltgreated bulb scales with 1 gkgolchicine
Abbreviations: K3 — 1 g K§colchicine; Sx — Standard error

The cultivars that excelled with a greater amoudnnim and max bulblets were: ‘Evrika’ (1.9 and
2.8), ‘Miss Alice’ (1.3 and 1.8), ‘Nakts Tango’ Bland 1.6), ‘Lolly’ (1.2 and 1.5). On average, less
than 1 bulblet was obtained with ‘ViSenka’ (0.2 &m@) and ‘Saules Meita’ (0.4 and 0.8). The
speciesL. monadelphunproduced 0.2 and 0.2 bulblets on averaya L. kesselringianun.
Miscz. - 0.1 and 0.1 bulblets on average. Theselteesnay be traced to the sensitivity of the
species to concentrations of colchicine solutiaiyploid plants were not produced.

Bulb scales were treated with oryzalin solutiorcémcentrations of 0.05, 0.1 and 0.5 §'Kig 4;
Fig 5 and Fig 6).

3
25, ®26
21 ¢ 21
¢ 18
1.5 A
¢ 13 ¢ 13 12
14 —— — el ) —p— — = —— e — o — ——A— — A —— o — — — —p—— A
¥039 $709 4708 ®038 ®08
0.5 €05
0
] %) %} ] © > ] o o] ] @ IS IS
X I X = < 3 k] =4 = X © 5 5
g 35 £ & & 23 T E = & £ §5 5
] (%) a [ N () <) (o]
© 2 S 4 » %) 2 > N c ko]
< £ 3 - = X 3 < 8
- N 5 5
I €
¢ 3
-
‘ ¢ Ol —— 01 mean+Sx =—a— O1 mean-Sx ‘

Figure 4. The results of the production of bulbletgreated bulb scales with 0.05 g'kg
oryzalin
Abbreviations: O1 — 0.05 g Kegpryzalin; Sx — Standard error
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Figure 5. The results of the production of bulbketgreated bulb scales with 0.1 g'kg
oryzalin
Abbreviations: 02 — 0.1 g Kgpryzalin; Sx — Standard error

The obtained average yield of bulblets per scalg, wespectively, 1.23 (min - 0.5, max - 2.6),
0.95 (min - 0.1, max - 2.3), and 0.42 (min 0.0, rB). The use of 0.05 g kgryzalin solution
resulted in 2 polyploid plants, 0.1 g kgin 13 polyploid plants, but with 0.5 g kgoryzalin
solution no polyploids were produced. Bulblets mamecount and greater in size were
developed from outer scales of bulbs when comparather thinner scales.
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Figure 6. The results of the production of bulbketgreated bulb scales with 0.5 g'kg
oryzalin
Abbreviations: O3 — 0.5 g Kgpryzalin; Sx — Standard error

According to their morphological traits, selectiarfspolyploidy plants were made and the degree
of polyploidy was determined cytologically. Morpbgical differences between the diploid and
tetraploid forms of the same clone have been dduiieAsiatic hybrid lilies. Lengths of stems,
lengths and widths of leaves, lengths of petalsjbyers of leaves and flowers, data on flowering,
degrees of leaf scorch were all recorded at flavggtime (Okazaki and Hane, 2005). According to
the findings, most tetraploid forms came into blotater than diploids; in conclusion — higher
ploidity correlates with delayed flowering.

In our study we found that, in comparison with digk, the polyploid plants we produced had a
larger flower diameter (+2 up to 2.5 cm), more agtx plant height (+10 up to 20 cm), increased
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flower count (+2), and bloomed 4-10 days later thiyploids of the same variety. A visual
estimation of the bulbs also indicated differencéghen compared to diploids, the roots of
polyploids were shorter, rather stout, stumpy, sgnah numbers, and bulb scales were wider,
more swollen with the outer scales and curved90 degree angle.

The polyploid forms raise genotypic variability bliploid genotypes; improve their general
attractiveness; increase plasticity and resistageénst diseases and unfavorable biotic and abiotic
conditions. Okazaki and Hane, 2005 suggested hlegprioduction of true tetraploid Asiatic hybrid
lilies via colchicine treatment is necessary inyptsid breeding. A full understanding of the
agronomic traits of polyploid lilies requires theatuation of the morphological and physiological
differences among diploids, triploids and tetragoi

Conclusions

The scales of bulbs treated with 1 g'kgolchicine and 0.1 g Kgoryzaline solutions have
successfully produced polyploid forms. The duratbexposure might be for 2, 4, 6 and 24 hours.
Oryzalin inhibited plant cell division much morefesftively than colchicine, and is applied
successfully in doubling the number of chromosoimdswer concentrations (0.05, 0.1 and 0.5 g
kg") than colchicine (1 g kb. In our research, 5.5 % polyploids were obtaifreth the total
number of bulblets. The application of moleculagngmic and cytogenetic techniques can be of
great help for fastening interspecific hybridisatiprogrammes. Obtained polyploid forms were
used in interspecific crossings to restore feytilit
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KOLHIC INA UN ORIZAL INA PIELIETOSANA LILIJU (LILIUM L.)
POLIPLOIDIZ ACIJA

Balode A.
Liliju gints (Lilium L.) ir viena no ekonomiski n@migakajam vegetaivi pavairojamo folaugu
gintim. Lai ieditu jaunas Ernes ar glamam saimniecis&m ipadbam - plaSu ziedu kisu spektru,
izturigas pret peko puvi, kuru ierosinagses naBotrytisMicheli ex Fr.gints, tiek veikta selekcija.
Pekkas puves infekcijas @ zaudjumus cies liliju aud&aji, jo slimibas rezultta lilijas zaud
dekorativititi. Musdieras selekcijas darbs i€xsts uz to, lai veidotu pret slibam iztufigas &irnes,
kuru audzSara nehitu japielieto kimiskie augu aizsartlzas 1dzeKi, ta batu ekonomiski izdelga
un ekola@iski nekaitga. Ta ka daZdu grupu liliju sugas savstar@ nekrustojas un, laigovaretu
nesadabu, [Ec apaugpSaras barjeru, izsftda embriju kultikSanas metodes. Polipiijas
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pielietoSana selekaijai paplaSina maiibas ietvarus, paaugstina augu plastiskumu urilitipret
nelabligiem biotiskiem un abiotiskiem apktiem. Rtijuma nerkis ir izpetit un optimizt
poliploidijas pielietoSanas iegjas liliju selekcip, apstidajot liliju sipolu zvnlapas ar 0.1, 0.5 un 1
g kg kolhicina &idumu un 0.05, 0.1 un 0.5 gkgrizalina idumu.

GENETIC FINGERPRINTING OF LATVIAN RED CLOVER ( TRIFOLIUM
PRATENSE L.) VARIETIES USING SIMPLE SEQUENCE REPEAT (SSR) MARKERS:
COMPARISONS OVER TIME AND SPACE

Berzipa I.}, Zhuk A. ®, Veinberga |2, Rashal I.?> and Rungis D.?
!State Priekuli Plant Breeding Institute, ZinatnasRriekuli, Cesis distr.
Znstitute of Biology of University of Latvia, Mier3, Salaspils LV-2169
®Genetic Resource Centreigds 111, Salaspils LV-2169, Latvia, e-mdginis.rungis@silava.lv

Abstract

We have established Simple Sequence Repeat (SSRegmuenetic fingerprinting protocols for
red clover Trifolium pratensel.) varieties found in the Latvian Gene Bank (LGB} red clover

is an obligate outcrosser, and the varieties amvigrand renewed in the field without any
particular isolation techniques, a high degreentshivarietal heterogeneity is to be expected.

We analysed 7 diploid varieties, which were devetbin three different breeding stations. We
tested seeds from these varieties that were platedhe LGB in 1999 and 2000. In addition, we
analysed a range of source material for one vafiBtyekuli 66’). For this variety, we tested seeds
that were repatriated from the VIR institute (plhcato the VIR collection in 1982, seeds
reproduced in 2005), the samples from the LGB (septbduction - 1997), and also plant material
grown in the field this year (2007).

By analysing samples from various sources, we ceam@e the effect of space (varieties
developed at different breeding stations), as aglime (repatriated seeds, LGB seeds, and current
crop), in an obligate outcrossing crop species re/ivdra-varietal heterogeneity is high.

Key words: red clover Trifolium pratense L.genetic fingerprinting, Simple Sequence Repeat,
Latvian Gene Bank, plant genetic resources

Introduction

Red clover is an important forage legume, widelgvgr in temperate regions and used in crop
rotations. It is an obligate outcrosser, with a geophytic self-incompatibility system (Taylor and
Quesenberry 1996). Red clover is a diploid €£2x = 14) species, however artificial tetraploid
varieties have been created in breeding programsefally breeding programs are based on mass
selection, and therefore the varieties produced reterogeneous with highly heterozygous
individuals. Initial molecular analyses of this sjgs were undertaken using dominant marker
systems such as RAPDs and AFLPs (Ulbal, 2003; Herrmanet al, 2005). The development of
Simple Sequence Repeat (SSR) markers for red clwagrallowed the analysis of these highly
heterozygous varieties using highly informativedmmninant markers (Kollikeet al, 2006). At the
Latvian Gene Bank, we are in the process of estaiblyj protocols for genetic fingerprinting of all
species in our collection. We have focused ourreffon the use of SSR markers for as many
species as possible, due to their high informatimment (alleles per marker), co-dominant nature
(which allows more sensitive detection of heteramjty and variation within cultivars and lines),
and their ease of use (provided appropriate SSRanarimers have been developed).

Our aims were to establish SSR fingerprinting prot® for the red clover varieties placed in the
Latvian Gene Bank and to examine the inter- an@watietal variation of Latvian clover varieties.
Clover breeding has been undertaken in at leas¢ threeding institutes in Latvia, and the Latvian
Gene Bank holds seeds of accessions developed af @iese institutes. Currently, the main
institute involved with clover breeding and maintag the genetic resources is Skriveri Breeding
Institute, but varieties have also been developéleaPriekuli Breeding Institute and Stende. Prior
to the establishment of the Latvian Gene Bank, sohtkese cultivars developed at these breeding
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institutes were placed into the genetic resouratieation at the Vavilov institute (VIR) in St.
Petersburg, Russia. We examined one variety (‘Hlii€k’) in more detail in order to compare the
SSR polymorphisnof three separate collections of this varietyieRuli 66’ was transferred into
the VIR institute collection in 1982, and renewédre in 1988. This material was repatriated to
Latvia in 2004, at which time the seed material weasewed. The ‘Prieku66’ seeds were placed
into the Latvian Gene Bank collection in 1997. isodook samples of this cultivar from the field
collections at Prieliy where it is resown annually.

Materials and Methods

Seed material was obtained from the Latvian GenakRallection. Seeds were germinated and
genomic DNA was extracted from seedlings with then@nic DNA Purification Kit K0512
(Fermentas, Lithuania). The red clover cultivarsilgsed are listed in Table 1. DNA from 24
individuals was extracted and analysed separdteddition, seed material from the VIR institute
was obtained and germinated. Plants from theseigated seeds were planted and seed material
collected. These seed were germinated and DNA agttadrom them. A total of 92 individuals
derived from 34 repatriated seeds were analysed.thHeofield collections, leaf samples of 35
individuals were collected 2007, and the DNA exedcas above. To allow for a more detailed
comparison with the VIR and field populations, 48riekdu 66’ seeds from the gene bank
collection were germinated and DNA extracted.

Table 1. Red clover cultivars analysed, breedistjtite where each cultivar was developed, year
of cultivar release and year of seed reproduction

Cultivar Breeding institute Year of cultivaryear of seed
release reproduction

Priekdu 66 (Raunis) Priekui 1968

- Field 2007

- Gene Bank 1997

- VIR 2005

Stendes Agrais Stende 1968 1994

Stendes ¥lais Il Stende 1951 1997

Dizstende Stende 1999 1997

Agra Skiveri 1996 1997

Arija Skiiveri 1999 1999

Skriveru Agrais Skveri 1976 1997

Eight SSR markers were used to genotype thesevandtiTPSSR13, TPSSR17, TPSSR16,
TPSSR34, TPSSR44 and TPSSR50) (Kollikerl 2005). The forward primer was synthesised
with a 6-FAM, HEX or NED fluorescent label to allovisualisation of amplification products on a
fluorescent sequencer.

SSR locus amplification was carried out using tieofving PCR conditions: 98C for 3 min, 38
cycles of 95°C for 30 sec, 55C — 30 sec, 72C — 30 sec; 72C - 10 min; in a total volume of
reaction 20ul containing 50 ng template DNA, 1x P&Rfer, 2 mM MgC}, 0.2 mM dNTP mix,
0.5 U Taqg polymerase Rermenta}, 0.5 mM of forward (labelled) and reverse primékpplied
Biosystems Amplification fragments were separated on an ABism 3130xI Avant Genetic
Analyzer @pplied Biosystemsand analyzed with GeneMapper 3.5. Populationyseal were
performed with GenAlEx 6 version (Peakall and Sneou2006), and dendrograms constructed
using NTSYSpc2.1.

Results and Discussion

The six SSR markers revealed a high level of gerglymorphism, with 22-44 alleles detected
per marker. Within populations, the majority of kens were in Hardy-Weinberg equilibrium, with
only two populations having statistically signifitadepartures (‘PrieRu 66’ — Field — TPSSR16
and TPSSR17 and ‘Priecku 66° — VIR — TPSSR44 and TPSSR50). Only three msrark
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significantly departed from equilibrium in more thane population (TPSSR16, TPSSR17 and
TPSSR34).

The mean number of alleles found in each populatmged from 11.3 &rija’) to 19.2 ‘Priekui

66’ - Gene Bank. The mean number of alleles peujatipn with a frequency of over 5% ranged
from 5.5-7.83. The mean number of effective allefms population was similar between
populations, ranging from 7.79-10.65. However, thean number of unique alleles found per
population was variable, ranging from 0.17 (‘Stendélais II') to 2.33 (‘Priekdi 66’ — VIR)
(Table 2, Figure 1).

Table 2. Numbers of alleles (Na), alleles with egfrency over 5%, effective alleles (Ne), unique
alleles, and expected heterozygosity (He) acropslptons

Number Population

of P66 P66 Gene P66 Stendes Stendes Disstende Aara Ariia Skriveru
alleles Field Bank VIR Velais Il Agrais 9 ) Agrais
Na 17.67 19.17 15.00 13.33 15.83 12.33 12.67 11.334.83
Na (freq.
> 50) 6.17 7.00 6.67 6.17 8.33 6.67 550 6.00 7.83
Ne 10.10 10.65 9.90 7.79 10.01 7.91 9.29 8.09 10.52
No.
unique 1.50 1.33 2.33 0.17 0.50 0.33 0.33 0.50 1.00
alleles
He 0.84 0.85 0.87 0.84 0.85 0.82 0.84 0.85 0.88

Allelic Patterns across Populations
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Figure 1. Allelic patterns across populations uSr§SR markers (see also Table 2)

Pairwise Fst values revealed low population diffiéegion (values ranged from 0.006-0.043)
(Table 3). AMOVA analysis revealed only 2% of thengtic polymorphism was found between
populations (p=0.01). Frequency based likelihoogubation assignment tests (Paetletual, 2004)
also highlighted the low differentiation, with onB1% of individuals assigned to the correct
population. The frequency of unique alleles foundthe populations was under 0.1, with the
exception of 2 alleles (tpSSR17/134bp /f=0.13@Arekdi 66’ — VIR and tpSSR13/199bp/f=0.125
in ‘Arija’).
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Table 3. Pairwise Fst values between cultivarspmlilations

Variety

P66 - Field 0.000

P66 - Gene Bank 0.006 0.000

P66 - VIR 0.014 0.012 0.000

Stendes ¥ais Il 0.024 0.019 0.023 0.000

Stendes Agrais 0.017 0.015 0.020 0.018 0.000

Dizstende 0.032 0.026 0.028 0.030 0.020 0.000

Agra 0.025 0.024 0.026 0.023 0.023 0.042 0.000

Arija 0.030 0.030 0.030 0.038 0.030 0.043 0.028 ®.00

Skriveru Agrais 0.025 0.019 0.022 0.026 0.021 0.029 29.00.028 0.000

The cultivars were divided into populations accogdio the breeding institute where they were
developed (Skveri, Stende or Prieki), and this enabled slightly better differentiatiof these
cultivars according to their provenance. AMOVA as# revealed that the 2% variance found
between populations was actually partitioned betwaeeding institutes. Population assignment
calculations were also more successful, with 87%ndividuals assigned to the correct breeding
institute (Table 4). The dendrogram (constructeihgud-st values and the Neighbour Joining
clustering algorithm) confirms this division by pemance, with each of the cultivars developed in
one particular breeding institute clustering togettirigure 2).

Table 4 - Summary of Population Assignment Outco(hesnber if individuals assigned to “self”
or “other” population)

Pop Self Pop Other Pop

Stende 50 9

Skrnveri 33 8

Priekdi 76 7

Total 159 24

Percent 87% 13%

P66-Field
L—— P66-GeneBank
P66-VIR

StendesVelaisIl

StendesAgrais

Dizstende

Arija

SkiTveruAgrais

r T T 1
00 001 ont 002 [LJiH]

Figure 2 Dendrogram of red clover cultivars consed using the Neighbour-Joining algorithm
and Fst values

The SSR markers were highly polymorphic, confirmthgt these markers are useful for genetic
studies in red clover. The majority of markerstie tmajority of populations did not deviate from
Hardy-Weinberg equilibrium, indicating that theren& no significant problems with null alleles,
or the markers amplifying multiple loci.
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A high level of polymorphism was revealed usingsth&SR markers, which is not surprising given
the obligate outcrossing nature of red clover, #twedmass selection breeding methods employed in
this species. The number of alleles, particulaniyse over a frequency of 5% and the effective
allele number was similar across all populationswelver, the number of unique alleles differed,
with the ‘Priekdu 66’ — VIR population containing the most, with @SSR markers identifying
unique alleles in this population. This concentratof unique alleles in the repatriated population
could indicate genetic drift occurring in the Lainipopulations. Given that these cultivars are not
reproduced in isolation, this would tend to sprabd effect of genetic drift across these
populations. Fst between the ‘Prigkb6’ — Field and Gene Bank populations was or®d6, half

of the Fst values between the Field and Gene Bapklations and the VIR population (0.014 and
0.012 respectively), which confirms this increadéterentiation of the VIR population. These Fst
values are approaching the values found betweenidmatcultivars such as ‘Prieku 66’ —
Field/Gene Bank populations and ‘Stendes Agrai®1® and 0.015 respectively). This indicates
the effects of genetic drift and gene flow in thesdivars over the 25 year time span that these
results survey.

The grouping of the cultivars into populations lths# the breeding institute at which they
developed yielded a much clearer division betwéemt as shown by the population assignment
results. Using these 6 SSR markers, the probalwfityssigning a red clover individual to the
correct breeding institute is 87%. By increasing thumber of markers used for genetic
fingerprinting, it should be possible to improvetbis assignment probability, in particular if thes
markers are used in conjunction with phenotypicattaristics.

These results indicate that while the overall défeiation of Latvian red clover cultivars is low,
the partition of genetic variance between breeditagions is much more marked. One obvious
conclusion that can be drawn from these resulisaswhen renewing the seed stocks to be placed
into the Latvian Gene Bank, this should be doninatoriginal breeding institute, rather than at a
single location. The comparison of the genetic geann the cultivar ‘Prieku 66’ demonstrates
that the genetic composition of Latvian red closeltivars is far from static. In order to maximise
the genetic diversity of red clover accessionsestan the Latvian Gene Bank, it is necessary to
carefully maintain and renew the seeds which have been stored in the Gene Bank for
approximately a decade. Furthermore, it would bsrdble not only to renew seed stocks at the
breeding institute of origin, but also to utilisppaopriate isolation techniques to minimise gene
flow into the Gene Bank material.
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LATVIJAS SARKAN A ABOLINA (TRIFOLIUM PRATENSE L.) SKIRNU GENETISK A
PASPORTIZACIJA: VIETAS UN LAIKA IETEKME UZ GENETISKO DAUDZVEID 1BU

Beérzina l., Zhuk A., Veinberga I., Rashal I. and Rungis D.
Gergtisko resursu certtrir izstradata gergtiskas pasporticijas metodika Latvijas ayu bank
(LGB) uzglalatam sarkaa abolina &irném. Sarkanaigbolin$ ir sveSapputes augs pe@mot \era,
ka irnes ir audztas un atjaunotas bé&gadm izolacijas metodm, irnes robeds ir sagaidma
augstaseretiska daudzveitba.
Izpetitas septias diplada sarka@a abolina irnes, kuras izveidotas isr Latvijas selekcijas
instititos. Tika analiztas sklas, kuras ievietotas LGB 1999.g. un 2000 .kjirr&i ‘Priekuu 66’
tika analiztas no VIR repatéias €klas (ievietotas VIR kolekcij1982.9.), Latvijas gnhu bankas
seklas (1999.9.), kaif augi no Prieklu lauka kolekcijas 2007. gad
Sada daidu avotu sveSapputes augu ar augstuetiska daudzveitbu anaize lauj izpEtit
geoggfisko ietekmi uzgergtisko daudzveitbu (%kirnes izveidotas da#dos selekcijas institos), ka
arn to izmanas laika (repatrétas €klas, LGB €klas un lauku augi).

GENETIC AND ENVIRONMENTAL EFFECT ON THE GRAIN QUALI TY OF SPRING
BARLEY

Bleidere M.
State Stende Cereal Breeding Institute, p. Dizgtehdlsi region, Latvia, LV-3258
phone: +371 26229659, e-maitaara.bleidere @stendeselekcija.lv

Abstract

The grain quality of spring barleyHprdeum vulgard..) determines the further opportunities of
their utilization. This study investigated the etfe of genotype and environment on the grain
quality of spring barleyFifty two spring barley genotypes were used fos thivestigation. Test
weight, 1000 grain weight and grain compositioarat, crude protein, crude f@tglucans, crude
fibre, crude ash) were evaluated. Field experimergee carried out at the State Stende cereal
breeding institute from 2004 to 2006. The resulwravanalyzed to synthesize the relative
proportion of the influence varios factors %) such as variety or year as well as the infleeoic
climatic conditions (mean air temperature and tim@unt of rainfall) during the period of grain
filing. The analysis of varianceuggested that the fluidity of grain quality indicerere more
strongly (p<0.01) affected by their genotype. Whiteasuring the significance of each single
factor, the influence of genotype factor was fouadoe over 70% in starch, crude protefn,
glucans, crude fibre, 1000 grain weight and tesgite A significant environmental influence on
grain quality was found for all characteristics epiB-glucan and test weight. This was attributed
to the varied meteorological conditions during yiears of investigation in the the first part ofigra
filling period.

Key words: spring barley, grain quality, analysis of varianoeteorological conditions.

Introduction

Barley is used for a wide range of uses. It ismapartant crop used for feed for different livestock
species in many areas of the world and also iniaatv

The most commonly used characteristics to desdtieequality of barley in breeding atke
physical traits and chemical composition of theirgr&he major chemical components of barley
grain are starch, protein arfdglucans. The other constituents of barley inclagd andiber
components. Fiber components include pentosankilasd, and lignin. They are important to
measure because of their contribution towardtote dietary fiber. Ash represents the mineral
component obarley. The amount of energy available to an anifrah grain depends on the
relative proportion of each chemical constituertiei@ry and Morell, 2001). Variation in these
proportions is genetically controlled (Eagktsal, 1995), but it is also influenced by environménta
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factors (O’ Brien, 1999; Paynter and Young, 2004iny 1992). Barley with plumper grains and a
higher test weight should have a grater percenvdgtarch or energy in the grain and should be
lower in fibre (Shewry and Morell, 2001).

The different components of a barley grain are lssized in sequence. The growth of cariopsis
after anthesis can be divided into two main stagel division and grain filling (Hay and Porter,
2006). The duration of grain growth depends stipmgl temperature, therefore it is one of the
most important factors affecting grain quality (&@#la, 2005). Another important factor
influencing the duration of growth is the stagecefeals and the quality of the water supply. Water
deficit influences grain filling throught the redion in the assimilate supply (Paynter and Young,
2004; Conzalest al, 2007).

It was assumed that the difference between vasigfiewn at the same location were due to the
genetics of the plant. Plant breeders also diseolvéitat the environment plays a big role in the
resulting quality of the grain. If the main effemt the quality factor is due to the environmennthe
breeding would have very little influence.

The objective of this study was to determine thituance of genotype and environment on the
grain quality traits for covered, hulless, two-ranwd six-row barley grown in different growing
seasons. Emphasis was placed the interpretatidheofole of meteorological variables in the
period of grain filling on grain quality diferenceser the years of the study.

Materials and Methods

52 barley genotypes were chosen which representedaa range of germplasm (two-row, Six-
row, covered, and hulless) of different origin (Teal). Thirty-eight genotypes of covered spring
barley, from which 27 with two-row and 10 with siew ear types, and 15 hulless genotypes were
used in this study. Only two-row hulless genotyyese included in this investigation.

Table 1. Spring barley genotypes used in the study

Barley type n Genotype, origin country

Two-row, covered 27 Ansis, Abava, Sencis, KristaRgssa, Linga, ldumeja, Balga, Ruja, Gate,
Malva, Klinta (Latvia); Hanka, Annabell, Danuta, sfina, Polygena
(Germany); Austrian early, Landsorte Aus Tirol (&ie; Primus |
(Sweden); Lysimax (Denmark); Hatvani 45/25 (Hungarg€ork, Century
(Great Britain); Lechtaler (Portugal); Grimmet (Auadia); 379 (Chile)
Six-row, covered Druvis (Latvia); Colsess IV, July (Denmark); BOORNB-367 (Nepal);
10 Zoapila, Puebla (Mexico); 1V/192 (Macedonia); Valtu (Bolivia); Chosen
(North Korea)
Two-row, hulless L 302 (Latvia); KM 2084 (the Czech Republic); SW 912 (Sweden);
15 McGwire, Gainer, Merlin, Candle (Canada); X-4 (littnia); 10250 (Russia);
Orzo Nudo di Altamura (ltaly); 2474, Clho 7799 (Geraala); C.P.l. 22817
(Russia); Sumire Mochi (Japan), Wanubet (USA)

The genotypes were grown at the State Stende CBreading Institute from 2004 to 2006. The
soil at the site was sod-podzolic sandy loam, hucmment — 12-15 mg Kg soil ptke — 6.0-6.7,
precrop — potatoes, available for plants P — 8&84g" and K — 103-122 mg Kg The size of the
plot was 2 My 2 replicates, and seed rate - 400 seeds peTme plots were fertilized with N60
P15 K40 kg ha.

Prior to the analysis, a representative grain sarfipim both replications was ground in a Perten
cyclone mill to pass a 0.8 mm screen. Crude prateiment (CP) (N x 6.25) was determined by the
Kjeldahl method (LVS 277)J-glucans content (BGL) was analyzed enzymaticallipwing the
barley grain procedures of the commercial kits fidegazymgMegazyme International Ireland
Ltd.). Starch content (STR) (ISO 10520), cruderfibentent (FBR) (ISO 5498), crude fat content
(FAT) (ISO 6492) and crude ash content (ASH) (LV&:2000) were determined. All chemical
analyses were reported on a dry matter basis. Thendtter content of the ground grains was
determined by oven-drying at 130 °C for 2 h. 10&0rgweight (TGW) (LV ST ZM43-95) and test
weight (TW)(LVS ISO 7971-2) were analyzed.

The growing season of 2006 had a lower amountexipitation and a higher daily temperature in
comparison with 2004 and 2005. The climatic coodai for the first part of the growing season

34



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

(April and May) of 2006 can be characterized asrtpa heightened temperature and a reduced
amount of precipitation. The mean air temperatarédune of 2004 and 2005 was below the long-
term data (1.7 and 0.6 °C respectively), but in62dQvas above the long term data (1.1 °C). The
highest amount of precipitation was observed ireJoin2004 (199% of the long-term data). June
and July of 2005 as well as June, July and Augu2006 were characterized by a reduced amount
of precipitation. July of 2004 and 2006 was cooB(@nd 0.4 °C under the long-term data). The
meteorological conditions of the month August dgrithe years of investigation were
comparatively warm (from 0.5 to 1.9 °C above theghterm data).

The heading and maturity date were determined.graim filling period from heading to maturity
was calculated. As the starchy endosperm of themsaprage tissue differentiates during the first
part of grain filling the periods from heading t@turity were divided into two similar parts — 20 to
25 day periods depending on the length of thisopeim order to determine the difference of the
mean daily air temperature and the sum of raimfating the grain filling period during the years
of the investigation. The amount of rainfall an@ tmean daily air temperatures for each period
were calculated (Table 2).

Table 2. Meteorological differences during the gidling period of spring barley, 2004-2006

Variable 2004 2005 2006
Average heading date 1.07 27.06 28.06
Average maturity date 14.08 16.08 6.08
Average length of grain filling, days 45 51 40
Mean daily air temperature, °C
Grain filling period 16.4d 17.0a 16.3a
1st part of grain filling 15.0a 17.8b 19.4c
2nd part of grain filling 17.6a 16.2b 13.1c
Sum of precipitation during grain filling, mm

Grain filling period 117.6 168.4 50.4
1st part of grain filling 79.5 31.30 5.1
2nd part of grain filling 38.1 137.1 45.3

'means in each comparison between years followedlifigrent letters are significantly different ateth
p</=0.05 level.

Two-way ANOVA was performed using the prograicrosoft Excel According to the analysis of
variance the proportion influence of relative fast¢y %) measuring the relative importance of
each single factor (genotype, year, residual ceriattion) was calculated. Comparisons were
carried out using the t-test to estimate differsfmetween the years.

Results and Discussion

According to the analysis of variance for the thngsar data, a significant difference (p-
value</=0.01) between genotypes in all investigagein quality traits was observed when all
genotypes were included in the analysis (Table Bjfferences were found, if the analysis of
variance was performed based on type of barleyeraal hulless, two-row and six rowor
covered and hulless barley the genotype as a faedsr also significant at the high level of
probability (p</=0.01). For six-row barley the géyme influence for crude protein, stardh,
glucans, crude fibre, 1000 grain weight and tesgitewvas statisticaly significant (p</=0.01), but
for crude fat and crude ash content it was of gaiBtance (Table 3). It means that there was no
significant diferences between six-row genotypdsadtih mentioned parameters.
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Table 3. Analysis of variance for grain qualityitsaof different types of spring barfey
Source CP STR FAT BGL ASH FBR TGW T™W
Proportion of factors influence¥) and probability of F

Genotype

All genotypes 78.5%*2 72.8** 67.0** 84.0** 52.1** 90.7** 80.6** 95.5%
Covered 63.2** 68.9** 57.4*  59.3*  33.4* 525% 76.9* 87.4*
Hulless 74.4%* 73.1** 73.8** 795  71.2** 67.1** 86.6** 84.7*
Two-row 49.5** 62.3** 62.6*  47.2*  23.2* 28.9 60.3**  80.9**
Six-row 75.7* 51.4%° 32.3  69.4* 414  67.0™ 80.7** 65.1*
Year

All genotypes 12.1** 6.4** 3.7* 0.4 24.6**  55** 8.9** 0.2
Covered 13.1** 3.2* 7.6%* 3.3 39.4*  32.0%* 9.8 1.4*
Hulless 15.9** 6.6* 3.2 0.1 10.1* 17.2** 7.7 2.2
Two-row 18.1** 13.5%* 7.8%* 3.2 59.0** 19.5** 19,5 2.4*
Six-row 11.1%* 14.1* 14.3 5.2 10.5 17.1** 59 3.2
Interraction

All genotypes 9.4 20.6 24.1 155 23.1 3.7 10.4 4.2
Covered 23.6 27.7 35.0 37.3 27.1 15.3 131 111
Hulless 9.6 20.1 22.9 20.3 18.6 15.2 5.6 13.0
Two-row 32.3 24.2 29.6 49.5 17.7 51.4 20.1 16.6
Six-row 13.1 34.4 53.3 25.2 48.1 15.7 123 315

ICP-crude protein,STR-starch, FAT-crude fat, BEbtucan, ASH-crude ash, FBR-crude fibre, TGW-1000
grain weight, TW-test weight® p</= 0.01® p</= 0.05;

This parameter showed that starch (72,8 %), cruoieip (78,5 %),p-glucans (84 %), crude fibre
(90,7 %), 1000 grain weight (80,6 %) and test wei@b,5 %) were governed mainly by the
genotypes (Table 3). The results showed that gprofig a factor had a lower influence on the
grain quality traits of different types of barleynly for hulless barley it was higher in starchyds

fat, crude ash and 1000 grain weight. This inditalbe highest genotypic variablility among these
traits for this specific type of barley.

The influence of a specific year was significant/g®.01) for all grain quality traits except
glucans and test weight when all genotypes weraded in the analysis (Table 3). The influence
of a year or growing season as a factor in theamag of grain quality traits was relatively small i
comparison to the genotypic effect. The influenteensity factors varied from 0.2% for the test
weight to 12.1% for crude protein when all genoty/pesre included in the analysis. The relative
value of a year as a factor in the final statistdiapersion increased when the quality traits were
analyzed depending on the type of barley. The @lifees between growing seasons were not
significant for hulless barley in crude f@tglucans and test weigh. For six-row barley it was$
significant for crude fatp-glucans, crude ash and test weight, but for twoe-barley only forp-
glucans.

The analysis of variances also revealed the inierec of genotype and environmefor all
measured characteristics (Table 4).

Table 4. Average values of grain quality traitspfing barley (2004-2006)

Grain quality indice 2004 2005 2006
Crude protein, g K§ 137.34 132.2b 150.8¢c
Starch, g kg 619.4a 624.9a 606.8b
Crude fat, g kg 23.0a 24.6b 23.7a
B-glucans, g kg 42.7a 42.1a 43.2a
Crude ash, g ky 24.3a 21.6b 22.2¢
Crude fibre, g kg 42.3a 43.8b 36.9¢
1000 grain weight, g 45.5a 41.8b 44.4c
Test weight, gt 701.8a 695.6a 697.0a

" means in each comparison between years followediffigrent letters are significantly different ateth
p</=0.05 level
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The amount of interactions between the genotype thadyear waselatively small for crude
protein (9.4%), crude fibre (3.7%), 1000 grain vigl10.4%) and test weight (4.2%) if the
analysis of variance was performed for all genatyp®r other traits it was from 15.5 to 24.1% of
the total variance. The significant influence oé ttlensity factors was for two-row and six-row
barley for all evaluated quality traits. The resuhowed that crude ash was a trait where genotype,
year and interaction determined the variation of thait at the same rate. This means that this tr
depended more on the genotype reaction to diffenevitonments.

As the t-test indicated, the mean comparisons faingcrude protein, crude ash, crude fibre and
1000 grain weight was significant for all the yeafdhe investigation (Table 4). Barley grown in
2004 had significantly higher crude ash, 1000 grvedéiight and test weight than barley grown in
2005 and 2006. Barley had the highest starch coatahcrude fibre content in the grain in 2005.
In this year the barley genotypes formed signifilkafower 1000 grain weight. During the
growing season of 2006 barley had a significarlydr starch content and crude fibre content,
however the barley grain had the highest crudeepraiontent in comparison to other years. Grain
test weight an@-glucans did not show significant diferences thiotlge test years.

This study was undertaken to determine whethediffierence in grain quality measurements was
due to the effects of the genotype (the varietyjher environment (meteorological variables) as
well as the interraction between of these bothofact The genotypic factor was found to be the
primary one that significantly effected grain quiali Differences in grain quality especially
concerning starch and protein was also related ewetic differences in how each cultivar
accumulated these components during grain develoipgsavin and Molina-Cano, 2002). The
significant effect of genotypes on the variabilitiygrain quality parameters could be primarily due
to the difference between types of barley - covehedess, two-row and six-row. According to the
earlier results (Bleidere and Grunte, 2007), whexingquality was compared between different
types of barley, the grain of hulless barley haphi§icantly higher mean values of crude protein,
crude fat and significantly lower crude fibre andde ash values than the covered ones. Six-row
barley contained a significantly higher amount ofde protein, crude fibre, crude ash, but less
starch than the two-row barley. Also Bach Knudsgnal (1987) examined the chemical
composition of a range of barley grown during thyears in Denmark. The analysis of variance
identified highly significant diferences betweerrigdes concerning protein, starch and the total
dieatry fibre content.

The variation of grain quality of the same varigtpwn in different years is caused mainly by the
diference in environmental conditions. In this styzhenological and meteorological data were
used to analyse the diferences in grain qualityaipaters between the different years of the
investigation. The actual process of grain forrratad filling take place between the heading and
maturity stages (Hay and Porter, 2006). The avehnageling and maturity dates for spring barley
showed differences over the period examined (Tahl&he longest grain filling period in 2005
was associated with high amounts of rainfall dutimg period. In 2005 and 2006, the first part of
the grain filling period took place under exceptty hot conditions. Additionally, in 2006 this
period was notably dry. M. Wallworlet al. (1998) indicated that if a short period of high
temperature occurs at a certain point in the gfdlimng period, it may affect one or more
components that are being synthesized concurentlyrasult in a different composition of the
mature grain. The high temperatures and the striesmisture can limit the amount of grain fill
operating through the metabolism of starch in tteeng It is because the accumlation of starch is
more sensitive to high tempartures than to the ratation of nitrogen, which frequently
determines increases in the grain nitrogen praporéind thus result in higher protein contents
(Schellinget al, 2003). The hot and dry period during the yea2@d6 corresponded to the period
of cell division in starchy endosperm. Such cowodsi shortened the lenth of this period thus
influencing the accumulation of starch. Due to tieigson the season of 2006 resulted in the lowest
starch and the highest protein content (Table hgsé factors translated to the slight reduction of
the feeding value of barley, as feed grains ard os&nly as the source of energy.

The most likely factor contributing to the interactiamf the effects on grain quality traits,
especially for the grain weight and the test weighte attributed to the dissimilar resistance of
genotypes to lodging (caused by increased plarmghheind excessive rain at the time of grain
filling). During the second part of grain fillinge 2005 (from July 25 to August 16) there were

37



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

particularly high amounts of precipitation that caused eartiging for part of the genotypes and
consequently decreased the mean grain weight ahevééght. This could be also the main reason
for the significantly higher crude fibre contentridhg this year compared to the other years of
investigation.

Conclusions

The analysis of varianceuggested that all grain quality traitsere more strongly (p<0.01)
influenced by the genotypelThe proportion of influencing factors) @) showed starch, crude
protein, pB-glucans, crude fibre, 1000 grain weight and tesight to be governed mainly by the
genotype. The relative magnitude of the genotype d&actor increased when the quality traits
analyzed depended on the type of barley. The s$igmif environmental influences for all
characteristics except f@rglucans and test weighvere attributed to the different meteorological
conditions between the different years of invesigaduring the grain filling period. Thactor
that was most likely contributing to the interaatiof grain quality traits, especially for grain
weight and test weight, was attributed to the digaesistance of genotypes to lodging. The use of
genetic variation in endosperm composition and tbktive contribution of genotype and
environment illustrate the opportunities that exgsimprove nutritional value by direct breeding
efforts.
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GENOTIPA UN VIDES IETEKME UZ VASARAS MIEZU GRAUDU K VALIT ATI

Bleidere M.

Vasaras miezuHordeum vulgareL.) graudu kvaliite hitiski nosaka to alakas izmantoSanas
iesfjas rstrade. Petjjuma nerkis bija noteikt genotipa un vides ietekmi uz miegraudu

kvalitati. Petijums veikts Valsts Stendes graudaugu selekcijagiiitisno 2004.1dz 2006. gadam.
Piecdesmit diviem genotipiem n@tgja tilpummasu, 1000 graudu masu un gradkdomisko

sasivu (cieti, kopprotenu, koptaukusp-glikanus, kok&iedru un koppelnus). Anatia faktoru

(8kirne, gads) ietekmepatsvaru (%), ka af meteorolgiskos apgtklus (vickja gaisa temperata

un nokrijiu summa) graudu veido&mn period. Dispersijas an@e liecina, ka visu na@vtéto

graudu kvaliites aditaju mairibu hitiski (p</=0.01) ietekr& genotips. Genotipa ak faktora

ietekmesgpatsvarsi{%) virs 70% bija cietei, koppraram,-glikaniem, kok&iedrai, 1000 graudu
masai un tilpummasai. Konsttd hitiska gada ietekme uz graudu kvatks maifbu visam

pazmem, iznemotp-glikaniem un tilpummasai. To nosaka starp gadierkiragie meteorolgiskie

apstkli graudu veidoS&ais period.

THE EFFECT OF TILLER NUMBERS IN WHEAT HAPLOID PRODU CTION

Brazauskas G.
Lithuanian Institute of Agriculture, LT-58344 Akauga, Kédainiai r., Lithuania
phone: +37034737149, e-maiintaras@Izi.It

Abstract

Winter wheat doubled haploid production is widesed not only for plant breeding acceleration
but also in basic research, such as genetic mappeggoid transformation and artificial seed
production. It is essential to identify all factoshich determine haploid system productivity. We
have studied the effect of tiller numbers on emlageelopment and haploid regeneration in wheat
X maize haploid production system. Four winter wHeahybrid lines were pollinated with the
maize variety ‘Golden Bantham’ pollen. Embryo fotioa and haploid regeneration data were
collected from the first five tillers in each plaithe data showed a clear tendency of reduction in
embryo formation frequency on the successive sill&@here were 17.5% and only 12.4% embryos
on average formed on the main and fourth tilleespectively. However, two-way ANOVA
analysis showed these differences to be insigmitig@>0.05) and only the genotype had a
significant (p<0.01) effect on embryo formation.efl& was no clear effect by both genotype and
tiler numbers on haploid regeneration frequenckie Toverall embryo formation and haploid
regeneration frequency in this experiment was 14(6@¢ embryos) and 68.1% (367 haploids),
respectively. The results obtained in this studiiaate that as many as five tillers per plant can b
used in wheat x maize crossing systems with noifgignt tiller effect on the efficiency of the
haploid production system.

Key words: wheat x maize, haploid, tiller number.

Introduction

Winter wheat doubled haploid production is widelged not only for plant breeding acceleration
but also in basic research, such as genetic mappeggoid transformation and artificial seed
production. Several techniques exist for wheat didplevelopment. These include crossing with
maize (Laurie and Bennet, 1988), anther culturest(laad Brettell, 1990) and isolated microspore
culture (Gustafsort al, 1995). Wheat x maize crossing is the system ofcehin winter wheat
breeding programs due to lower genotype dependandyalbinism avoidance (Snape, 1998).
However, wheat x maize crossing is a time consuraimg) costly technique. It requires manual
application of maize pollen and subsequent embmgis®n. Ways to determine the factors
underlying the efficacy of the method are beingdsed for.

Various factors are related to the differences leat haploid formation after crossing with maize.
Campbellet al., (1998) determined that both temperature and lighdnisity influence embryo
formation in the wheat x maize system. This effgat later associated with the abnormalities in
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pollen tube growth at low light intensities (Camjple al., 2001). The maize genotype was also
shown to have an effect on wheat haploid inductfglerma et al, 1999). Several reports
demonstrate the role of various hormone treatmemtembryo survival (Matzk and Mahn, 1994,
Ushiyamaet al, 2007). The effect of the spikelet position on eyobformation was shown by
Martins-Lopeset al. (2001) where different spikelet positions (loweriddle and upper) gave
highly significant differences in embryo formatid#owever these results contradict those reported
by Bitschet al. (1998), where they said that the time of pollioatis not critical for the success of
the crosses. Until now, only one report has shdwrirtfluence of the spike position on the plant in
haploid induction in barley anther culture (Jacdwetral, 2006).

In the present work we have studied the effecillgr thumbers on the plant in haploid embryo
formation and regeneration after wheat x maizesings

Materials and Methods

Four winter wheat Fhybrid lines (No. 601, 602, 603 and 604) were usegollination with the
pollen of the maize variety ‘Golden Bantham‘. Whegbrid genotypes were produced through
various inter-varietal crossings at the Cereal &irag Department of the Lithuanian Institute of
Agriculture. Both wheat and maize plants were growma heated glasshouse with a temperature
range of 15 -25 °C. Wheat plants were vernalizedBfareeks at 3 °C in dim light. The first five
tillers of each wheat plant were used for pollioatiThe first tiller to flower was denoted as the
main tiller (MT) and the subsequent tillers werenfered from 1 to 4 (T1 - T4). Seven plants of
each genotype were regarded as replications. Wloeats were not emasculated but pollinated
one day before anthesis. 23-28 florets were padishper spike. Hormone treatment was performed
by submerging the whole wheat inflorescence in 5 I[h2,4-D (Duchefa Biochemie B.V.)
solution for 10 seconds 24 hours after pollinati@mbryo rescue was made 17 days after
pollination. Aseptically excised embryos were tfangd into tubes with 5 ml B5 2/3 strength
medium containing 3% sucrose and 0.7 % agar (athBia Biochemie B.V.). Planted embryos
were kept at 20 °C in the dark until germinatedttiar growth was maintained at 24 °C with a 16 h
day length.

The embryo formation frequency (EFF) was referredree number of embryos formed per 100
florets pollinated and the haploid regeneratiomdency (HRF) as the number of haploid plants
regenerated per 100 embryos planted. Statisticallysis was performed as a two-way ANOVA
with the software ‘Selekcija’.

Results and Discussion

A total of 3477 wheat florets were pollinated witlaize pollen which resulted in 504 embryos.
Embryos were obtained in all crossing combinatidmabryo formation frequency varied among
the four wheat genotypes used. The highest EFFre@sded for the wheat line No. 604 where

embryos formed in 17.6% of pollinated florets whiilke No. 602 had the EFF of only 9.9%
(tablel).

Table 1. The average values of embryo formatiogueacy (EFF) and haploid regeneration
frequency (HRF) among wheat lines and tillers.

Wheat line Mean
Tiller 601 602 603 604
number EFF, HRF, EFF, HRF, EFF, HRF, EFF, HRF, EFF, HRF,
% % % % % % % % % %
MT?! 19.2 64.3 16.8 59.7 8.4 545 25.8 86.9 17.5 66.3
T1 16.3 49,5 6.5 85.7 20.0 80.1 17.2 69.1 15.0 71.1
T2 12.1 81.0 11.3 47.4 19.1 68.5 15.0 73.8 144 767.
T3 175 78.8 5.6 50.0 13.4 72.6 17.9 67.7 13.6 67.3
T4 12.3 77.6 9.4 34.0 16.3 79.8 11.8 81.0 12.4 68.1
Mean 15.5 70.2 9.9 55.4 15.4 71.1 17.6 75.7 146 .168

"MT — main tiller, T1, T2, T3, T4 — first, secondijrd and fourth tillers, respectively

ANOVA analysis confirmed the genotype effect orbeyo formation to be significant (P < 0.01)
(table2). The data showed a clear tendency of tegum embryo formation frequency on the
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successive tillers. There were 17.5, 15.0, 14.4 &8d only 12.4% embryos on average formed on
the main (MT), first (T1), second (T2), third (T&d fourth (T4) tillers, respectively. However this
tendency could not be proven by ANOVA analysis Wwhishowed the differences to be
insignificant (P > 0.05).

367 haploid plants were obtained from 504 embrylastpd. The average haploid regeneration
frequency varied from 55.4 to 75.7% for wheat lihes 602 and 604, respectively (Table 1)

The same genotypes had the lowest and the highisye formation frequency, respectively. No
obvious tendency was observed in HRF when compaitdsuccessive tillers. The highest HRF
of 71.1% was recorded for T2 and the lowest HRBE@8% for MT. Neither the genotype nor the
tiller number effect could be proven by ANOVA arsily, Both factors as well as their interaction
had insignificant (P > 0.05) differences amongafales (Table 2).

Table 2. The results of ANOVA analysis for genotyilter number and their interaction

Factor df EFF HRF
Genotype 3 5.28% 1.96 n.s.
Tiller number 4 1.52n.s. 0.05 n.s.
Genotype x tiller number 12 1.74 n.s. 1.44 n.s.

**P<0.01, n.s. — not significant (P > 0.05)

The wheat x maize crossing technique involves séW&y steps. These include: synchronization
of wheat and maize flowering, manual wheat florgtsllination with maize pollen, embryo
excision/culturen vitro and haploid treatment with colchicine. All thesepst are labor intensive
and raise the costs of the haploid production. tmpments are needed to increase the efficiency of
the method.

The number of florets as potential haploid prodsicauld be increased per plant by pollination
(more florets per spike) or by using more spikes plant. Previous studies have shown that
different spikelet positions (lower, middle and eppgave different success ratios for embryo
initiation (Martins-Lope<et al, 2001). However Bitsckt al. (1998) earlier reported that embryo
initiation was found to be dispersed evenly all rottee wheat spike. In a conventional wheat x
maize crossing technique 25-30 florets are usyzilinated per spike. It would be difficult to
increase this number due to the lag in floweringchyonization. However the number of the
crossed spikes per plant could be easily increbyedrowing spaced plants but this would be
feasible only if there is no considerable loss iethnod efficiency parameters on the subsequent
tillers.

The results of our study indicate the tendency réfuence of the tiller number on embryo
formation. This tendency is supported by Jacqesrdl. (2006) findings in barley anther culture.
They have shown that the position of the tillertba plate of tillering has an impact on both the
number of regenerated plantlets and the percemtiagesen plants. The anther response decreased
significantly when the donor spike originates frdme main shoot or the fourth tiller. However our
results could not be proven statistically. Theetilhumber effect on barley anther culture was
explained by tiller competition for carbon assirt@lar nitrogen compounds. Regular application of
complex fertilizers to wheat plants could minimthe starvation effect in our experiment.

Conclusions

The results obtained in this study indicate thanasy as five tillers per plant can be used in whea
X maize crossing systems with no significant tidfiect on the efficiency of the haploid production
system.
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STIEBRU KARTAS SKAITA IETEKME UZ KVIESU HAPLO IDU VEIDOSANOS

Brazauskas G.
Ziemas kvieSu dubultotie hapth tiek plaSi izmantoti ne tikai augu selekcijasogesa
paatrinaSanai, bet artados fundameitos Etijumos, K, pieneram, geretiska kargSana, haplalu
transfornacija un naksligo €klu razoSanal.oti svaigi ir noteikt visus faktorus, kas nosaka
hapladu iediSanas efektiviti. Izmgginajuma pétita dzinumu skaita ietekme uz embrijusibu un
hapladu rezeneéciju iegastot kvieSu hapholus ar kvieSu x kukiizas haplau iediSanas stmu.
Cetras ziemas kvieu, Fhibridas fnijas tika apputeksitas ar kukuizas ‘Golden Bantham’
putek&iiem. Tika \erteti embriju veidoSais un hapltdu rezeneécijas dati no katra auga pirnaaj
pieam varpam. leditie rezultiti paldija tendenci, ka visvaik embriju veidaojis no galvehs
varpas, bet nogr€jam to skaits sagi samazifjas. No galveas varpas tika iegti 17.5% embriju,
bet no cetusis — tikai 12.4%. Torr divu faktoru dispersijas anaé pa#dia, ka starfba starp
iegito embriju skaitu no pires un sekojaiim varpam nav litiska (p>0.05); embriju veidoSanos
batiski ietekn€ja tikai genotips (p<0.01). Netika konsta skaidra genotipa un stiebru skaita
ietekme uz hapidu rezeneécijas biezumu. Kopumizmeginajuma tika iediti 14.6% (504) embriji
un 68.1% (367) hapidi. Izmgginajuma rezuliti liecina, ka pirnas piecas arpas no katra auga var
tikt izmantotas kvieSu x kukt@ras hapltdu razoSanas 8ima bez ltiskas dzinuma ietekmes uz
iegito hapladu skaitu.
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DEVELOPMENT OF NEW FORAGE GRASS VARIETIES AT THE SK RIVERI
RESEARCH INSTITUTE OF AGRICULTURE

Bumane S., Berzins P.
Research Institute of Agriculture of Latvia Univigyof Agriculture, Skriveri -1, Latvia, LV-5125,
phone: + 371 65197524, e-makbumane@inbox.lv

Abstract

Grasses provide an inexpensive source of feedglmgh in nutritional value for profitable milk as
well as meat production. Permanent grasslands eowst of the agricultural land in Latvia. The
Research Institute of Agriculture in Skriveri hassessfully established new diploid and tetraploid
forage grass varieties. Over the past few yearsobtiee most important goals of the Department
of Plant Breeding, has been the introduction of mesennial grass-plant varieties suitable for
growing in Latvian soil, weather conditions andwanyg good dry matter and seed yields.

As a result of this work, five varieties of perasngrasses have been created, with all of them
having been registered in tB&ropean common catalogue of varieties of agricailfpilant species.
These cultivars are: tetraploid perennial ryegr&msdola’ (4n), meadow fescue ‘Patra’ (4n),
meadow fescue ‘Silva’ (2n), hybrid ryegrass ‘Saia#n), early-ripe timothy ‘Teicis’. From 2007
through 2017 timothy ‘Teicis’ is included in thetlhiianian National List of Plant varieties. New
varieties: late season timothy ‘Varis’, meadow tes¢Vaira’ (2n) andFestulolium‘Vizla’ (4n)
have passedistinctness, uniformity and stabilifpUS) andsatisfactory value for cultivation and
use (CVU) testing in Poland and Latvia. In the fatwe plan expand our work on the creation of
cocksfoot and meadow foxtail, all tall fescue véere for forage and decorative use.

Key words: perennial grasses, plant breeding, varieties

Introduction

Perennial grasses are important forage crops imidaind are cultivated in fields, meadows and
pastures. With the development and use of new éopagparation technologies, grass breeding as
well as research objectives are currently undeggaimnges (Jansone, 1999). Grass growers are
looking for grass varieties exhibiting high prodantand that are capable of withstanding multiple
cuttings. The Research Institute of Agricultureyrat of the Latvian University of Agriculture, is
engaged in developing perennial grass varietiessb@ heavy utilization by the nation’s forage
industry. Before 1996 five grass varieties weredbby the Institute of Agriculture: tetraploid
perennial ryegrassL@lium perenng ‘Spidola’, tetraploid meadow fescud-gstuca pratenge
‘Patra’, diploid meadow fescue ‘Silva’, hybrid ryegs Lolium x boucheanum KunthSaikava’,
early season timothyhleum pratengeTeicis’ (Berzin$, et al., 2006).

All introduced varieties have passed DUS and CVsting and are included in the European
common catalogue of varieties of agricultural plapéecies. In order to be added to a European
National List, a variety must have passed DUS rigstivith agricultural crops requiring VCU
testing. For a grant of Plant Breeders' Rightsdatarded, a variety must be Distinct, Uniform
and Stable.

The objective of our work is to develop and chaaze perennial grass varieties suitable for
industrial agriculture use in the conditions of\iat The purpose of this article is to review redcen
progress and to briefly describe the developedsgraseties.

Materials and Methods

In order to perform the breeding, we established plots for different purposes at the Research
Institute of Agriculture which is located in SkrivePlots for the growth of our grass collection,

plots for hybridizations and trials of developedhgls as well as plots for variety comparisons
were established. For variety comparisons we usadlyndeveloped varieties, which were

comprised of local and foreign grass varieties.

Meadow fescue and timothy variety trial plots westablished in sod podzolic sandy loam soil
(Luvic Phaeozem, WRB 1998), pH KCI 6.5, plant aafaié BOs 110 and KO 204 mg kg'
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(Egner—Riehm), soil organic carbon 21 g'Kgyurins’ method). The size of the trial plots wéi@

m? (1 x 10 m). The trial plots were fertilized with meiral phosphorus and potassium fertilizers 60
and 90 kg ha accordingly and nitrogen fertilizer 60 kg*hfor each grass cut. Trial variants were
arranged according to the standard method. In 2@@8, crop yields were obtained in four
repetitions. The number of cuts throughout the tagm period was dependent on the weather
conditions; usually 2 to 3 cuts were made.

Timothy and meadow fescue during the 2004 — 200i@gevas the dry matter yield, beginning of
blossoming proportion in sward after 3-year usattumn were determined.

Analysis of variance (ANOVA) was conducted using LM procedure of SAS (SAS Inst.,
1990) at P=0.005 to test the effects of year, lonalN treatment, and all interactions.

Results and Discussion

So far, eight varieties of perennial grasses hasenbdeveloped at the Research Institute of
Agriculture. Five of them are listed in the Comnteld Catalogue of Varieties of Agricultural Plant
Species, with three still being in the test phdsble 1).

Table 1. List of perennial grass varieties in tlagalbgue of Plant Varieties
UPOV Acceptance date in the Latvian
' Catalogue of Plant Varieties, List
grant number

Variety denomination

“p?
Perennial ryegrass ‘Spidola’ 1993 2001-2010
Meadow fescue ‘Patra’ 1999 2001-2010
Hybrid ryegrass ‘Saikava’ 1999 2003-2013
Timothy ‘Teicis’ 2001 2002-2011
Meadow fescue ‘Silva’ 2004 2005-2014
Timothy ‘Varis’ 2007 Test
Meadow fescue ‘Vaira’ Test Test
Festulolium *Vizla’ Test Test

All the formerly established timothy varieties repent an early-ripening class. Currently there is a
lack of late-ripe varieties for Latvian farmers.rRhis reason we started working on developing
timothy varieties that are late-ripening. In 2008 developed and delivered a late-ripening
timothy variety ‘Varis’ for the DUS (distinctnesaniformity, stability) test trial in Poland. The
variety was formed by interbreeding the timothyietyr ‘Dolema’ (Germany) x ‘Prieku 2’
(Latvia) x ‘Teicis’ (Latvia). In 2007 we received tast certificate (UPOV Report on technical
Examination (03.12.2007. COBORU Slupia Wielka) aading that ‘Varis’ successfully passed the
testing. Currently, in Latvia this variety is inethast year of CVU testing. ‘Varis’ was developed
and tested by: P Berzins, S. Bumane, V. Steselgetyacharacterization according to UPOV is in
Table 4.

At the beginning of vegetation, timothy ‘Varis’ ddeps slowly and flowers at the beginning of
July, later than the varieties ‘Jumis’ and ‘Teicis'gives a good grass crop - 6.7 t'tud dry matter
(Table 2), with seeds maturing at the end of Augushe beginning of September. This late season
variety exhibits abundant leaf coverage and forios sward.

Table 2. Competitive trials of timothy

DM yield, t ha', average 2 cuts % from

Cultivars, tand Beginning of
Country Codes 2004 2005 2006 2verage, stand- blossoming
3 years dart
Jumis, standard LV 6.04 6.90 6.32 6.4 100 9.06.
Teicis, LV 6.34 7.28 6.69 6.8 105 5.06.
Varis, LV 6.31 7.11 6.74 6.7 105 15.06.
Zolis, LT 5.63 6.33  6.17 6.0 94 18.06.
Promisse, NL 6.29 7.15 6.75 6.7 105 10.06.

LSDpgs  0.32 0.31 0.29 0.24
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Timothy ‘Varis' is suitable for very late seasorspae cultivation in grass mixtures with other late
season grasses as perennial ryegrass, creepinguteiate season varieties of red-clover. It is
additionally suitable for growth in different sdilpes. In meadows timothy ‘Varis’ is useful for
intensive culture where are 2 - 3 cuts during thgetation season.

In 2007 the diploid meadow fescue variety ‘VairaasMorwarded to DUS and VCU test trials in
Poland and Latvia. The new meadow fescue variefird/ is distinguished by higher dry matter
yields - 6.1 t hd (Table 3) as compared to the standard varietytdArT his meadow fescue variety
stays longer in the sward, even longer than varteya’. ‘Vaira’ is similar to ‘Silva’ in that it
forms leaves five days earlier than the standarigtya’Arita’. In addition, it has larger tillersheir
length being up to 85 cm.

Table 3. Competitive trials of meadow fescue

DM vyield, t ha', average 2 cuts Proportion in sward

Cultivars, country codes 2004 2005 2006 2verage, 3 % from after 3-year use in
years standard fall, %

Arita 2n, (standard) LV 6.2 5.6 4.0 51 100 60

Silva 2n, LV 6.9 6.5 4.3 5.6 108 70

Patra 4n, LV 6.7 6.0 4.0 5.2 102 55

Vaira 2n, LV 7.7 7.0 4.6 6.1 118 80

Arni 2n, EE 6.1 6.0 3.1 4.8 93 65

Sigmund 2n, SE 6.4 5.7 3.6 5.0 97 60

LSDyos 0.34 0.32 0.27 0.24

In 2008 the new tetraploid festuloliurRdstuca spp. X Lolium s$pariety ‘Vizla’ was delivered

for DUS testing in Poland. Festulolium *Vizla’ isrimed partially by fertile triploid fescue and a
ryegrass hybrid, which is obtained by colchhicirgatment and tetraploid festulolium selection. Its
winter hardiness is average. This is a late semadety, inflorescence emerges around June 15.
This variety has good resistance to leaf rust eatlgpot diseases. This grass variety is well duite
for silage and hay applications. The grass quaigood and has high carbohydrate content.
Festulolium ‘Vizla’ can be used for the formatiohlate season swards as a single culture or in
mixtures with late season clovers and other grafisesgood for silage or hay preparation. Growth
is excellent in mineral soils.The festulolium cVizla’ was developed by P. Berzins, S. Bumane,
V. Stesele.

Table 4. Description of timothy variety ,'Varis’ aording UPOV
UPOV  National

Characteristics State of expression
No No
1 1 Ploidy hexaploid
2 2 Plant: speed of inflorescence emergence inydae of absent
sowing
3 Plant: tendency to form inflorescences in tharyef absent
sowing
5 4 Plant: growth habit in "2year before elongation medium
5 Plant: growth habit at inflorescence emergerie2® medium
year)
6 Plant: natural height in spring (ifi3ear) medium
4 7 Leaf: width (in 2 year before elongation) medium
3 8 Leaf: color (in # year before elongation) medium green
9 9 Stem: length of longest stem medium
10 10 Stem: length of upper internode short to omadi
11 Flag leaf: attitude of blade sloping to horitadn
7 12 Flag leaf: length medium
8 13 Flag leaf: width medium
6 17 Plant: time of inflorescence emergence late
18 Speedy of inflorescence emergence slow
19 Plant: number of generative stems many
20 Plant: tendency to form inflorescences in sdanrt absent
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Conclusions

Eight perennial grass varieties adapted to theitiond and the agricultural needs of the Republic
of Latvia have been developed in the Skriveri Redemstitute of Agriculture during last decade.
Two new grass varieties, timothy ‘Varis’ and festim ‘Vizla’ will be tested for DUS and VCU
by the State Plant Protection Service Departmestytar.

During 2004 - 2006 we tested and compared newesitlly and meadow fescue varieties for
different use.

Timothy ‘Varis’ and meadow fescue ‘Vaira’ delivestable grass crops in Latvian conditions.

The new festulolium variety ‘Vizla’ can be usedaalate season grass crop.
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JAUNAKAS STIEBRZALU SKIRNES ZEMKOP IBAS ZINATNISKAJ A
INSTIT UTA SKRIVEROS

Bumane S., Berzins P.
Zalaji ir viens no Etakajiem lopbaibas veidiem ar augstu flaas Ertibu piena un das razoSan
llggadgie zlaji aiznem liebko ddu Latvijas lauksaimnieciski izmantojasizemes.
LLU agenfiras Zemkofbas ziatniskais instilits ir selekciogjis Latvijas augu un
agroklimatiskajiem apskliem audzSanai pierérotas jaunas dipidas un tetrapidas stiebrzju
&kirnes, kas nodrosina labas sausnasskiu sazas.
Selekcijas darba rezats ir raditas 5 jaunas stiel#t &irnes, kas ir réistrétas Koggja Eiropas
Savienbas lauksaimniébas augu i§rou katalog. Sis irnes ir: tetraploda gartbu airene
‘Spidola’ (4n), pavas auzene ‘Patra’ (4n)lawas auzene ‘Silva’ (2n), hilda airene ‘Saikava’ (4n),
agrais timot$ ‘Teicis’. TimotinS ‘Teicis’ no 2007. gadadz 2017. gadam ir ié&uts af Lietuvas
Nacioralaja Augu %kirnu sarakgst. Jaul &irne - \elais timotipS ‘Varis’ ir izgajis AVS testu Polij
un pEdejo gadu Latvifi atrodas 8\ testa arbaud. Paslaik Polj un Latvija parbaudes testus iziet
masu jauns ¥irnes: gavas auzene ‘Vaira’' (2n) un auzérene ‘Vizla’ (4n).
Selekcijas darbs turpis pie jaunas kamdiles, pgavas lapsastes un niedru auzenksng
veidoSanas.

21°T CENTURY PLANT BREEDING: THE EVOLUTION OF DIRECTED EVOLUTION

Falk, Duane E.
Department of Plant Agriculture, Crop Science Builgl University of Guelph
Guelph, Ontario, N1G 2W1, Canada., phone: 1-519820D ext 53579, e-mail:
dfalk@uoguelph.ca

Abstract

Plant breeding began, by default, with human cafibn of plants nearly 10,000 years ago and
quickly led to crop domestication as a result ofurel selection toward adaptation to the new,
cultivated environment. Natural selection, augmeénby human preferential harvesting and
planting of specific phenotypes, resulted in theaton of many locally adapted, reasonably
productive landraces. These landraces were laggoiged through the isolation of homogeneous
populations of pure lines as varieties; this wascaorent with increased mechanization in planting,
harvesting and processing operations. The discavelyendel’s work at the beginning of the™20
century resulted in the application of geneticplent breeding and the use of hybridization as a
plant breeding tool. Thus ‘directed evolution’ caim® being. New discoveries in genetics through
the past 100 years (quantitative genetics, poldploiinduced mutations, male sterility,
understanding of DNA and molecular biology, happidenetic transformation) were rapidly
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applied as plant breeding tools to make the devedmb of new varieties more effective, efficient
and economical. Breeders have an ever-increasoigchest of technology at their disposal. The
challenge in breeding is to determine which of thigltitude of high tech bio-tools are the most
appropriate to maximize 1short-term, acceleratediution for specific objectives in defined
populations with limited budgets. As the®*2Century unfolds, plant breeding has evolved into a
very effective, directed, evolutionary process wtsastains human civilization as we now know it.

Key words: genetics, recurrent selection, male sterility, RIP

Introduction

Evolution is geared toward improving the adaptatiba population to the environment in which it
is growing and reproducing through ‘survival of tfiggest’ (Darwin, 1859) ensuring that those
individuals which are best adapted produce morgey than those individuals which are less
well adapted. As the environment changes, diffetesits, or expressions of a trait, will be
favoured and the allelic composition of the pogalatvill change in response.

Plant breeding began, by default, with human calibn of plants around 10,000 years ago and
quickly led to changes toward better adaptationthe new, cultivated, human-managed
environment as a result of natural selection. Tle®ages were essentially an evolution toward
crop domestication; changes based, in most caretheoselection of existing characters, not the
creation of new ones (Roots, 2007) and due inytitdl natural selection. The result was fully
domesticated crops which formed the basis of thergemce of modern agrarian civilization. As
knowledge of biology and genetics accumulated diae, intentional selection and eventually
modern breeding evolved. The purpose of this paptr outline the history of crop improvement
and the application of basic biological principleading to efficient and effective breeding systems
capable of coping with the biological, environmériad economic challenges of the next century
of human progress.

Evolution under Domestication

Natural seed dormancy and seed dispersal mechanesssntial for survival in the wild
populations disappeared quickly from the earlyieated plant populations. Most plants were
harvested and seeds replanted on an annual cyolglysthose plants which successfully produced
seed the first season contributed seed to thegrewting cycle. The plants whose seeds shattered
before harvest were lost from the population thas wsed for planting of the next generation.
Selection for higher seed production came abouta agsult of the most productive plants
contributing a higher proportion of the seed to tlext generation, with a tendency toward self-
pollination in most domesticated crops. Increastisize occurred when smaller seeds were lost
through the winnowing operation and through consxiselection of the larger seeds for planting.
Cultivation reduced weed competition and gave @lapts a better opportunity to perform to their
full genetic potential.

The selection by early farmers for types that suttesir purposes better and were not negatively
related to adaptation and fithess led to the emmemyeof free-threshing (hulless) wheats and
barleys. The spontaneous mutations for these traitdd have been selected and isolated from the
early cultivated hulled crops. Hulless seed waspnstep toward improving energy, nutrition and
ease of processing as the hull was easily remowegdgithe threshing operation itself.

Most of the crop species which we presently culiwaent through this domestication process long
before recorded history. This natural selectianafdaptation to cultivation, augmented by human
preferential harvesting and planting of specifisiceble phenotypes, resulted in the creation of
many fully domesticated, locally adapted, reasgnabbductive landraces in ancient times. Such
landraces have been cultivated by most agrariaietss for many hundreds of generations. Very
few new species of crops have been domesticateddern times.

The landraces were somewhat diverse for traitswiea¢ not directly selected for by Nature nor of
specific interest to the farmers (i.e. height, mituseed colour). As a result of naturally ocaugr
mutation, and occasional outcrossing, landracesuraglated many diverse, ‘neutral
morphological characteristics. These landraced) thieir local adaptation and basic background
diversity, were excellent raw material to introduoenew environments. Seeds of such landraces
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accompanied most migrating human populations amahteally many crop species were spread
around the world to regions where the wild ancestayuld not have been adapted.

These land races were later exploited throughgblation of single-plant derived homozygous and
homogeneous pure lines as varieties. This resuliechore uniform and higher performing
varieties, and occurred concurrently with increasegthanization in the planting, harvesting and
processing operations. Synchrony of emergenceritii, flowering and ripening was desired so
that crop management operations could be perfoneithe crop on a field basis. Plants were no
longer considered individually, but rather as congrds of a uniform population that was managed
as a unit.

Genetics Applied to Plant Breeding

The discovery of Mendel's research at the beginwoifithe 28" century resulted in the application
of basic genetic principles to plant improvemend dlne use of inter-varietal hybridization and
selection in the segregating generations as a pl@sding technique. Thus ‘directed evolution’
came into being. Luther Burbank (1902) at one effitst international plant breeding conferences
in New York City said “The fundamental principlefspdant breeding are simple, and may be stated
in few words; the practical application of thesengiples demands the highest and most refined
efforts of which the mind of man is capable, andline of mental effort promises more for the
elevation, advancement, prosperity and happinesghef whole human race”. With the
understanding of the genetic basis of segregatidriradependent assortment and plant breeders, it
became possible to predict the outcome of crossdspeoduce specific combinations of traits.
Breeding emerged as a discipline which appliedktimvledge of genetics and biological systems
to maximize the short-term, accelerated evolutibrdefined populations for specific objectives
with finite resources. In 1908, Hardy and Weinbardependently developed a mathematical
method of describing the quantitative genetic dyicarof populations which met certain specific
criteria, and their concepts were immediately emdaby animal breeders and many quantitative
geneticists. Initially it was difficult to reconeilthe differences in observed phenotypic phenomena
between the Mendelian and the biometrical concétere was considerable support for having a
completely set of different bases for genetics tedinheritance of traits in animals (quantitative)
and plants (Mendelian). Eventually this was reetifivhen quantitative genetics was shown to be
based on Mendelian behavior at each of many canindp loci which were not as easily classified
due to a more complex genetic architecture, geteeactions, and environmental effects.

New Tools

New discoveries in genetics and biology over thet p80 years were rapidly applied as improved
plant breeding tools to make the development of newp varieties more effective, efficient and
economical. Variations on the Hardy-Weinberg eftiilim were used to explain and predict the
changes in population structure as a result ofriafjethe assumptions toward more realistic
breeding approaches. The science of quantitatinetgs was developed and rapidly embraced by
animal breeders, and later by plant breeders,cpéatly those working with cross-pollinated crops
such as maize.

The discovery of polyploidy and the ability to mamiate chromosome numbers using colchicine
and other mitotic control mechanisms led to theetlgyment of autopolyploidy and allopolyploidy
as breeding tools. This was particularly applicablenterspecific hybridization and stimulated the
creation of new species such as triticale. Thenweace of haploidy in a number of species, and
methods of inducing higher frequencies of haploideough interspecific hybridization, and
eventually anther culture and microspore cultuess made this a common pure line development
technique in the Brassicas and some cereals.

The basis of natural mutations and the abilityniduice them artificially opened up the possibility
of creating ‘new’ genes, and hence new traits. Bbgbmical mutagens and radiation from various
sources were extensively used in many of the sgraih breeding programs in the 1950’s and
1960’s, especially barley. A number of dwarfingrlieass, and disease resistance genes that are
widespread in modern varieties resulted from tleesty efforts.

Genetic male sterility as a tool for efficientlyossing normally self-pollinated crops was
discovered in barley in 1940 (Suneson, 1940) ated la wheat and many other crops. Most self-
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pollinated species have been found to have najuoakturring male sterile systems (Gottschalk
and Kaul, 1974). Although most genetic male ktieis are recessive, some dominant male
steriles have also been found in wheat (Maan anlliawis, 1984; Huang and Deng, 1988).
Cytoplasmic male sterility is also wide-spreadhe plant kingdom, but has seen more use as a
commercial hybridization mechanism than as a brggttiol, per se Chemical hybridizing agents
(CHA) have been developed to eliminate male feyrtiln a treated line that is then used as the
female parent in hybrid seed production. These haen used to explore the production of hybrid
wheat cultivars and, to a limited extent, in bregdbrograms.

The understanding of the role of DNA in inheritaneith the subsequent emergence of molecular
biology, has opened up an array of techniques foritoring and manipulating the genetic material
in plants and animals for genetic studies and laingeplurposes. The development of a number of
DNA-based marker systems associated with allelitatian has given rise to molecular marker
systems used to track genes from parents to pragemeeding programs and to transfer specific
desired alleles into recipient backgrounds. Theafsguantitative trait loci (QTL) associated with
traits of economic importance in breeding is fawgll developed. The ultimate application of
molecular biology is in the transformation of tbtahew DNA segments from one species (or as
wide as another kingdom) into another, well beythelboundaries of normal sexual compatibility.
Totally artificial DNA sequences can be constructed used in transformation events to give
phenotypes that have never occurred in nature.sfaemation can also be thought of as ‘directed
mutation’.

Tools such as environmental control to create i@glf environments, offseason nurseries,
inoculation with diseases and pests, precise elgictrmeasurement of numerous physical and
biochemical parameters, and the use of immensggreded computer power for analysis and data
‘massaging’ have made it possible to handle farencomplex information than was possible in the
past.

Population construction designs such as biparentaises, diallele and half-diallele series, North
Carolina Designs | and Il, and convergent, conieall composite crosses are all employed in
breeding programs. Methods such as backcross bgeate pedigree, bulk and SSD systems, and
use of haploids and recurrent selection procedaresommonly used to develop pure lines from
crosses for evaluation as potential varieties. @¢\different statistical approaches such as RCBD,
lattice, moving means, nearest neighbours, periafiecks, AMMI, GGE Biplots, spacial
adjustment, and honeycomb designs are used to eedan-genetic variation in evaluation
nurseries. Many different combinations of these hmds have given rise to new cultivars in
various breeding programs around the world.

It is evident that breeders have an ever-increasiogchest of technology at their disposal. The
challenge in breeding is to determine which of thidtitude of bio-tools and technologies are the
most appropriate for their particular situation. e 2f' Century unfolds, plant breeding is
evolving into a very effective, directed, evolutioy process that sustains human civilization as we
now know it.

Tools vs Toys

Ultimately, the application of the many new [bial®ologies must be robust enough to lead to
improved cultivars in farmers’ fields. To be suafal breeders must manipulate the genetic
factors that they understand (and many that thegyadp try to minimize (or fix) the epistatic and
genotype by environment interaction effects thatwarpredictable and difficult to evaluate, as well
as understand the error that is always preseneasaring metric traits in biological systems.
Sometimes the tool chest is overflowing and itiffiadilt to distinguish the tools from toys. It is
challenging and rewarding to identify a new genenarker and follow it through the generations,
but it does not often lead to improved cultivaratthre commercially successful. In fact, most of
the traits of economic and agronomic value are tigadine in nature and are due to the cumulative
effects of many, small, additive effects that carv@individually detected, and therefore there are
no QTLs for them. Perhaps we can have too muchrrdtion and sometimes get caught up in
generating information just because we can. Mudh®fmnolecular information generated may not
be necessary, or even useful, for a breeder. Breed@ successfully manage far more complex
genetic interactions via phenotypic selection anmioreg lines than even the most recent molecular
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approaches can explain. A breeder with a largefimational breeding and chemical company
was recently overheard to say that they would maade much greater breeding progress if they
hadn’'t been so ‘distracted' by molecular biologyhefe can be too much information, and
generally not enough relevant knowledge.

Breeding in the Future

We are now facing a future of global warming, theegeeable end of economically extractable oil,
and concerns about the sustainability of healthy safe food production in degraded soils in an
increasingly polluted environment. How can we addréhese issues through breeding in the
future? In a world with a rapidly changing climatgeater variation in the weather patterns, with
more severe weather events, reduced farm inpuést@denvironmental concerns), and less reliance
on inputs because of economics, one must explothate that are more likely to succeed. More
population buffering, better crop adaptation, witktter defense mechanisms and greater stress
tolerance, as well as improved productivity andbititg, improved nutritional quality coupled with
reduced inputs are going to be necessary in thegemeration of crop cultivars. We don't need
more short-term quick fixes based on single gemegeally need breeding systems that can handle
a large suite of genes influencing numerous tshitgiltaneously. Evolution, as we now understand
the mechanics of the process, is a very effeciiveot particularly efficient, mechanism for
bringing about population genetic change in respaosuch selective forces.

Evolution and Breeding

Evolution is a change in allele frequencies in pysation over generations (time). There are a few
basic factors that affect allele frequencies inopytation over time. They are mutation and
migration (gene flow) which bring new alleles irdopopulation, and drift and selection which
result in the loss of some alleles to the next gaian. This loss can be random (drift) or directed
by the selection process. Evolutionary responseriaction to the environment that a population
has experienced prior to reproduction and is imibeel by genotype x environment
interactions.The evolutionary process, as it relatebreeding, was studied extensively by Sewall
Wright (1963). He explained that any evolutionanpgess requires the coupling of a random
process to furnish the raw material of variatiod anselective process to give it direction. Natural
mutation coupled with phenotypic mass selectiaésbasic form of the evolutionary process, but
adding the process of recombination, through thehaueism of sexual reproduction, to amplify the
potential genotypic combinations can speed up #te of evolutionary change enormously. He
further elaborates that a predominantly self patiimg species can evolve rapidly with phenotypic
selection among fixed lines, as long as there fiscgntly frequent crossing among selected lines
to give recombination and new variation each gdimraCross pollinating species must be
subdivided into small populations and given suffitti isolation to permit differentiation among
subpopulations under the joint effects of randoift,dnbreeding, and intragroup selection, as long
as it is also coupled with intergroup selectionttBaf the situations described by Wright (1963) for
speeding up evolutionary change involve outcroggameflow to promote recombination, and
some form of isolation, either geographic or moipgwmal, to promote inbreeding/fixation,
followed by selection among reasonably uniform diner sub-groups, and then further
recombination among selected 'superior' individugthin/among subgroups. The cyclic systems
described are essentially recurrent selection nasthidhich can be applied to both self-pollinated
and cross-pollinated crops.

These concepts were developed further by Wrightislent, Jay Lush (1936) in his career in
animal breeding at lowa State University. He stalbed the breeder’'s main tool is selection, but the
choice of breeding/mating system can have a gneg&dt on the effectiveness of those selections.
The breeder needs to design a system that willeass the frequency of the desired gene
combinations, and then effectively select amongréseilting progeny those individuals with the
highest number of desirable genes for further brged_ush (1936) elaborates that a breeder
cannot hope for complete success and can hardcekp put animals [or plants] together gene by
gene, as a mechanic puts an automobile togetherg@iheral picture thus presented is a process of
mild inbreeding to fix traits, alternating with @ubssing to recombine desirable genes and traits,
both accompanied at all times by intense selecilitbere should be a balance between fixing and
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maintaining desirable genotypes that have beertetteand the evolutionary potential to create
even better genotypes in the recombined progemglifi) and maintaining this balance in the long
term is a challenge for plant breeders.

Recurrent Selection

Summed up simply, recurrent selection is the beseding system to maximize evolutionary
response through an alteration between random gnééngenetic chaos) which creates variation,
and intense inbreeding to fix various combinatiafsalleles in the homozygous condition for
evaluation and selection. To make such a systenoiesff, selection must identify the best
genotypes based on superior phenotype and theydsheurecombined in sufficient numbers to
generate significant variation for the next cydlee cycle time should be as short as possible. Very
rapid response in a breeding population is posshul¢ is difficult to maintain. Duvick (1982)
described recurrent selection as a method thatssdon the probability of accumulating desirable
alleles via recombination to create new genotypagtwshould be combined with a pedigree
system to fix the new combinations rapidly throwgifing to give reproducible phenotypes for
evaluation and selection. Such a combination ofrossing integrated with accelerated generation
advance by selfing and early generation evaluamhselection for crossing is exemplified by the
RIPE system (Falk, 2002) in barley where the cotepéycle from selection of parents through
evaluation of progeny involves five generationsrave years.

If the objective of breeding is to change a popofatis much as possible for a particular traiththe
the lllinois long-term recurrent selection programtorn provides an outstanding model of what is
possible to achieve (Dudley and Lambert, 2004).sTjrioject was initiated in 1896 by C.G.
Hopkins and has continued annually for more tha@ $6ars, with minor modifications in
population management and analytical techniques.dFlginal population of ‘Burr’'s White’ was
analyzed for oil and protein with approximately t@% highest and lowest ears for each trait
being saved to produce the next generation. Theithal sub-populations were designated as
lllinois High Oil (IHO), lllinois Low Oil (ILO), lllinois High Protein (IHP), and lllinois Low
Protein (ILP). Mass selection for each trait watialy practiced, but later revised to ear-to-row
selection for yield and ear quality followed by Baxion and selection for the specific traits.
Approximately 60 ears were analyzed in each sulhHatipn in each year and 20% (12 ears)
selected for the following year. This amounts tédmselection on a small population with repeated
annual cycles over many years.

The progress in selection for high oil and hightgiro in this population has been amazing. After
70 generations of selection, Dudletyal. (1974) reported that the means of the high prdiélR®),

low protein (ILP), high oil (IHO) and low oil (ILO¥trains were 12, 8, 27 and 10 phenotypic
standard deviation (SD) units beyond the mean efdhginal population. They estimated that
approximately 6000 ears had been evaluated in staaim; an extreme of 3.8 SD units from the
mean would have been expected in an original ptipulaf that size. They reported their results as
a ‘vivid demonstration of the effectiveness of m#election and recombination’. These
conclusions were further supported after 100 geioer® (Dudley and Lambert, 2004). The
physiological limits of low oil and low protein afti&ely being approached in the respective lines,
but there is no suggestion that the upper limiteeHzeen reached in generation 99 in the high lines
with the high protein line (IHP) having 26.9% piiatand the high oil line (IHO) having 22.4% oil.
These four subpopulations, all derived from a sngpen-pollinated variety from 1896, now
represent the extreme expression for oil and prdtai the entireZea maysspecies. The original
Burr's White population had an average of 4.7%awitl 10.9% protein, while modern hybrids
generally having 7-9% protein.

Since most of the traits of economic interest iplant breeding program are characterized by
polygenic inheritance (Huehn, 1996), it makes seasalopt quantitative and population breeding
methods as the core of the breeding methodologgh L({936) notes that for most quantitative
traits, there are some genes (often only a few) wiiportant effects plus an uncertain, but large,
number of minor modifying factors. QTL analysis mdgtect the few genes with significant
individual effects, but will not be able to detéleé multitude of minor and modifier genes which,
when combined, may have a greater effect on tliteofranterest.
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The ultimate breeding system will be a balance betwthe ability to produce new gene
combinations, and the new phenotypes derived froemt and the preservation of existing,
successful phenotypes. Allard (1965) concludeshigitly successful colonizing species of plants
appear to have evolved genetic systems in whichoppate compromises are made between the
high recombinational potential of outbreeders dredstability of inbreeders.

Drift may be the dominant force in very small padidns or in populations where intense selection
results in few individuals contributing gametestite next generation. Small populations, which
include most breeding programs, are affected niyt lop drift (random loss of alleles) but also by
selectionper se the relationship of population size to both daftd selection is quite clearly
illustrated by Grant (1963). He concludes that etioh is more effective in smaller populations
when the force of drift is added to that of selatti

Recurrent selection has been identified by Coms{b8R6) as a very natural process in most long-
term, open-ended breeding programs. Recurrenttegles common, in one form or another, in
both animal and plant breeding and most progranisb&xsome of the features of recurrent
selection (McProud, 1979). Recurrent selectionltgsno an increase in the frequency of alleles
with positive effects on the traits being selectegr time. Even though the probability of an
individual containing all the desired alleles mayvery small at the beginning, as the frequency of
the alleles increase in the population throughcsele and recombination, the probability of an
individual occurring which has all the desired laeincreases greatly. After a sufficient number of
cycles, and a significant increase in the frequasfaye desired alleles, the probability of thealde
genotype being produced is large enough thatlikeésy to occur in a population of moderate size
(Comstock, 1996). Lyrene (2004), in an attemptdaph temperate peaches and blueberries to the
subtropical conditions of Florida, concluded thedurrent selection “is the only breeding method
that can accomplish the wholesale re-organizatigheophysiology of the plant.”

RIPE: a working model system

The process of producing and selecting the bestilgeslines in the existing population, then
bringing in new, desirable alleles to further erteathe population, and producing the best possible
new combinations is the essence of an ‘open-cohgagpulation breeding approach. The
Recurrent Introgression for Population Enrichm&1iPE) system described for barley (Falk, 2002)
details the combining of a recurrent selectioneystaind a structured introgression mechanism to
continually upgrade the potential of the breedingylation. The system is based on an adapted
foundation population undergoing recurrent selectit a moderate intensity with frequent
recombination. Continual introgression of new mateanto the Elite level allows new, desirable
alleles to be incorporated without disrupting tlaekground from population structure.

Since its inception, a number of high-yielding,@gmically acceptable lines have been produced;
more than 30 of them have been supported for ragimh on the basis of merit as cultivars by the
Ontario Cereal Crop Committee, as part of the @iffiCanadian variety registration system. The
variety OAC Kawartha is currently the most widelsogn barley in Ontario and has been the
highest yielding six-rowed variety in each of thespfive years in the Ontario Performance trial
system (equivalent to National List Trials). In ZQn official trials, more than half of the 16 six
rowed barley varieties being evaluated in the mbpatey producing region were from the RIPE
system. These lines include the top five linestdst weight, the top line for kernel weight, and th
only six-rowed lines with leaf rust resistance. Y¥ta#so have good powdery mildew resistance,
desirable plant height, appropriate maturity, ambdjlodging resistance. All of them have
combinations of desirable agronomic traits and atiseresistance coupled with high yield. The
RIPE system is producing more than just germplasm;lines derived directly from the Elite
population are fully competitive and commercialgsdable varieties. They are equal (or superior)
to, lines coming out of conventional and doubleglbia breeding programs being used by other
breeders for the same target environments. These&sowhich gave rise to the most recent lines
represent about four to six cycles of recurrenec®n. Many of their progeny are already in
replicated, multi-location yield trials.

Thus, it has been possible to combine significamtrovements in yield with advances in seed
quality traits and disease resistance using th& RiBtem of recurrent selection and introgression
in barley in a relatively short time. The Elite pdgtion now consists of mostly high yielding
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materials with large, plump grains, good plant tyged high levels of resistance to the prevalent
pathogens powdery mildew and leaf rust. An attelnast been made to keep the effective breeding
population size in the range of 15-20 male pareath cycle to avoid significant loss of genetic
diversity. The periodic introgression of new alteldéom exotic sources should also help to
maintain (and increase) variability for the seldctraits, ensuring that progress continues. New
introgressed alleles may be giving rise to greatgression of desirable traits than would have
been possible in the original Elite population bgambination alone. Walsh (2004) concluded that
the lllinois high protein and high oil long-terncrerent selection populations have likely had some
increase in variation due to mutation, so somdeir tastounding progress is also likely due to the
input of new, desirable alleles through mutatiomplying that new variation, either from migration
or mutation, may be necessary to account for thgrpss exhibited.

The RIPE system, where effective recurrent seledticincrease the frequency of desirable alleles
in an Elite population is combined with a rapidragression of new alleles, comes very close to
meeting Wright's (1963) ideal conditions for maxmg the ‘enormous evolutionary potential' of a
population in the short time frame of a breedinggpam. Frequent opportunity for recombination
through crossing of selected lines with male sterit coupled with effective selection for yield on
F3-derived F4 lines in the target environment tenitfy lines which will be evaluated more
extensively in the following years. More importgntselected lines are immediately used as male
parents in the next round of crossing. Although sarhthe lines may be discontinued later in the
evaluation system, many of their desirable alled#e being re-circulated in the breeding
population. The superior lines that eventually ileased as cultivars will have progeny in yield
trials by the time their superiority is confirmekhis system addresses McProud's (1979) concerns
about low numbers of founding parents, few newoithtictions and long cycle times in modern
breeding programs. The RIPE system, as it has egplis highly efficient and effective in
developing new high-yielding cultivars which maintand recombine the suite of genes necessary
for adaptation, and incorporate improved agronopgformance and disease resistance through
accelerated introgression. This is how evolutiors ladways worked, and how evolution and
breeding will continue to do so in the foreseediilere.

Summary

Breeding high-performing crops for a more comméicicompetitive, and an increasingly volatile
environment requires methods which can maximizeettfiective utilization of elite germplasm
through rapid cycling recurrent selection approaclaad incorporate new, desirable alleles from
the vastly under-utilized exotic germplasm collees currently stagnating around the world. The
RIPE system appears to fulfill this mandate as pgraded, updated, accelerated, and improved
form of the old reliable evolution that Charles Dar conceptualized so long ago.
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AUGU SELEKCIJA 21. GADSIMT A: CILV EKA VIRZ ITAS EVOLUCIJAS ATT ISTIBA

Falk D. E.
Augu selekcija akas, cilvekam uzgkot augu kultiéSanu gande pirms 10000 gadiem u#tri
noveda pie laukaugu domedgiiijas dabisks izlases de, pientrojoties augSanai kultétos
apstklos. Dabisks izlases da, to papildinot ar razasakSanu izlases veidun tikai specifisku
fenotipu filaku pavairoSanu, rad daudzas viefiem apsikliem piengrotas, pietiekoSi ragas
vietgjas &kirnes jeb landrasesa$ \elak tika izmantotas viendadu tiru finiju popukciju izoleSanai,
kas Ruva par Eirném. Tas notika vienlaigi ar €jas, raZzas n@kSanas un apgles mehanicijas
palieliniSanos. Menda darbu atkSanas rezuita 20. gadsinit augu selekcl saka pielietot
geretiku un hibridizciju. Tadgjadi saka darboties ,vir#ta evolicija”. Jauni atkdjumi geretika
pedejo 100 gadu laik (kvantitatva gergtika, polipladija, indu@tas mutcijas, \riska sterilitate,
sapratne par DNS un molekud biologiju, hapladija, gergtiska transfornacija) tika strau;ji
izmantoti selekcijas procgdai padaftu jaunu &irnu veidoSanu efeltaku un ekonomisiku.
Selekcioariem ir pieejams aizvien ligks jaunu tehnolg@ju klasts. Selekcioiru uzdevums ir
noteikt, kuras noi&n daudzveithajam augsti atsfitajam tehnolgiskagm iesgjam ir visvaiak
pienerotas, lai maksimalgtu 1slaiagu, strauju evdiciju noteiks popudcijas ar specifiskiem
mérkiem un limigtiem budZeta itizekiem. legkoties 21. gadsimtam, augu selekcija ir
izveidojusies paloti efekivu, virzitu evolucioraru procesu, kas atbalsta civiiju.

VARIATIONS IN THE MORPHOLOGICAL CHARACTERISTICS OF WINTER WHEAT
(TRITICUM AESTIVUM L.)

Haljak M., Koppel R, Ingver Al., Ruzgas V2.
1Jdgeva Plant Breeding Institute, J. Aamisepadevi® 48309, Estonia, phone: +372 7766901, e-
mail: Merlin.Haljak@jpbi.ee
2| ithuanian Institute of Agriculture, Instituto gel, Kedainiai distr., Lithuania, phone: 8-347-

37192, e-mailruzgas@lzi.lt

Abstract
Estonia joined the International Union for the Botibn of New Varieties (UPOV) in 2000. For
that reason the requirements for a new variety gbéinThe law of variety protection came into
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force in Estonia in 1994. Determination of distmegs, uniformity and stability (DUS) by UPOV
was started at the J6geva Plant Breeding Insiit@€02.

The Estonian variety Sani and 5 lines from the wdthian Institute of Agriculture were tested
during the period of 2006-2007. 26 characterisivese tested by the UPOV methods. For this
research 12 the most distinctive ones were selected

The most uniform characteristic was ear color, wtal the lines had white ear color without the
variation within the line and the ear shape in ifgpfwhere no variation among the SaniC, Lia
00116A and Lia 00127 was found. The most unifornthis material were SaniC and Lia 00127,
because the variation was absent in 3-4 traitgrditmes varied almost in all the traits.

The biggest effect of the variety (73-80%) had width of flag leaf, frequency of pkmtith
recurved flag leaves, ear density and length ofsscThe biggest effect of the year,(R10.6—
33%) appeared on glaucosity of the sheath of #afj hairiness of the upper node of culm and the
length of scurs.

The best morphological characteristics for distiess of the varieties are anthocyanin coloration
of the auricles of flag leaf, the frequency of ptawith recurved flag leaves, glaucosity of ear,
hairiness of upper node of culm, the ear shapedfilgp and the length of scurs.

Key words: winter wheat, UPOV DUS test, morphological chéedstics

Introduction

In 1961, the International Convention for the Pectiten of New Varieties of Plants was concluded
and the International Union for the Protection afwNVarieties of Plants (UPOV) established
(TC/36/9, 2000). During the last decade the requénets for a new variety have changed.

In Estonia the law of variety protection was acedpin 1994 and Estonia has belonged to the
UPOV since 2000 (RT 1 1994,23, 385). This requistbnia to investigate varieties and breeds in
accordance with UPOV protocol. Traditional cerealps breeding is a long-term process, the time
for breeding is from 10 to 15 years. Newly bredietsgs have to undergo statutory testing before
being marketed. Part of this testing determine# ttistinctness, uniformity and stability (DUS
test). A candidate variety will be considered distiwhen at least one difference has been
determined which is clear and consistent over teary of testing. A variety must be sufficiently
uniform with regard to the particular features lué reproductive system. A variety is stable in its
essential characteristics when it remains truetdodescription after repeated reproduction. In
general, if a variety demonstrates uniformity thewill also be considered to be stable (Cole,
1998). All observations for the assessment ofrtlititiess and stability should be made on 20 plants
or parts of 20 plants. For the assessment of tHermrity of characteristics on the plot as a whole,
the number of non — typical plants or parts of fdasmould not exceed 5 in 2000 (UPOV, 1994).
The department of homogeneity breeding was estedulist the J6geva Plant Breeding Institute in
2002. The main activity of the department is theegtigation of morphological characteristics for
distinctness, uniformity and stability testing. Hogeneity breeding begins in the ninth generation
when the genetic characteristics are fixed. Thix@ss per one variety lasts for three years. As a
result of this process the pure breeder’s seeddsqu over to further seed production. Worldwide
there are very few scientific articles about hommagey breeding. Ulvinen (1974, 1994) from
Finland has written some articles about the mowgdioal characteristics of cereals. Cole (1998)
from Guelph University has researched the use ofphmogical and rapid markers for the
distinguishing of canolaBfassica napud..) varieties. The scientist Smagt al. (2004) have
carried out research on bluestem and switchgrasgholmgical characteristics.

The purpose of this research was the estimatingiaphological characteristics to find out the
distinctness, uniformity and stability of perspeetibreeds of winter wheat and how climatic
conditions and varieties influence them.

Materials and Methods

The JBgeva Plant Breeding Institute has cooperatitin the Lithuanian Institute of Agriculture.
The morphological characteristics of the winter athéines of the Lithuanian Institute of
Agriculture and of the Estonian material were inigeged in trials at the J6geva Plant Breeding
Institute in 2006—2007. The trial was carried ou®im?2 plots in three replications. There were five
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breeds and three lines from the variety Sani intrilaé Sani is an old variety and the homogeneity
breeding and breeder's seed production of thisetsarihas not been elaborated. Division into
phenotypes was applied also to other tested brekds it was needed because of variation within
a breed. The breeds were divided by the resultseophenol test. The grains are placed into a 1%
phenol solution for four hours where the grain cdiarns from no coloration to dark brown
(UPOV, 1994). That test shows the uniformity of grains.

The weather conditions were quite similar during testing years. The vegetation periods of the
both years could be characterized as ones of dtough

There are 26 characteristics included in the UP@ogol (UPOV, 1994). For this study 12 of the
most distinctive ones were selected. The followfegtures were observed in the field: the
anthocyanin coloration of auricles of flag leafe thairiness of auricles of flag leaf, the width of
flag leaf, the frequency of plants with recurveatfleaves, the glaucosity of sheath of flag lda, t
glaucosity of ear, the glaucosity of neck of culhg hairiness of upper node of culm, the ear shape,
the ear density, the ear colour and the lengtltafss The estimation scale was from 1 to 9 points,
where 1 was the weakest and 9 the strongest appeaoh the feature. Observations were carried
out during the certain plant growth stage. Twemtydomly selected plants were estimated. The
UPOQOV protocol contains standard varieties (26) tha¢ used for the comparison of the
characteristics of the tested lines. Statisticalyses were performed using the Agrobase software
package. The data was analysed by analyses oheariihe analyses of variance and the estimates
of the components of variance (determination coeffit) due to growing yearyRand variety B
were calculated and were expressed as % of thé tateance. Uniformity analyses of the
homogeneity of the morphological characteristicseneased on a coefficient of variation (CV)
(Agrobasé, 1999). In characteristics as the ear colour amdskape in profile, the data is absent,
because it is not possible to carry out statisaeallysis for these characteristics.

Results and Discussion

The anthosyanin colouration of auricles of flagf.|&de optimal time for estimation is during the
heading stage. The anthocyanin coloration of asgidlf flag leaf is a good characteristic for the
identification of breeds and varieties, which dejs®ean genetic derivation and weather conditions.
This characteristic occurs much stronger in dry aadny and less in cool and rainy summers
(Ulvinen, 1974). The average coloration during tive years was weak (1.6 points). In 2006, the
anthosyanin coloration of auricles of flag leafigdrbetween very weak (1) and weak (3). The
breed Lia 00116B and Lia 0019 had the strongesiratbn. In 2007, this characteristic varied
between very weak (1) and medium (3.8), the streingaloration again was found in the breed Lia
00116B. The coefficient of variation (CV) of breedsried in the range of 0-72.7% (Table 1).
There was no variation for this trait in SaniB, aand Lia 00105. Other lines varied in a wide
range: 35.0-72.7 %. The influence of variety hadignificant effect on the occurrence of this
characteristic (Table 2), but the biggest was a&mawn or residual effect. The vegetation periods
of 2006 and 2007 had similar weather conditionsttat reason the results of the two years were
quite similar.

The hairiness of auricles of flag leaf. The optirttnale for the estimation of the hairiness of awscl

is during heading (Ulvinen, 1974). Wheat has h&auwicles of flag leaf in general, but sometimes
the hair may be absent (Ulvinen, 1974). The aveeagjenation of characteristics of two years was
medium (4.5 points). In 2006, the characteristigeed between weak to strong (3—7 points), the
breed Lia 00127 had the most hairiness and thé lga$019 and SaniA. In 2007, the variations
ranged from very weak to strong (1.3-7 points), slrengest for the breed Lia 00127, and the
weakest for SaniB and SaniC. CV varied between @;tBe smallest for the breed Lia 00116B
and the biggest for the variety SaniC. The vamatias absent in the breeds Lia 00127 and Lia
0019. The hairiness of auricles was mainly infllehby the variety. In this study the hairiness of
auricles appeared in all the material, but the lreaf the two years were different. It turned out
from the results, that in 2007 the occurrence efdharacteristic was stronger than in 2006.

Width of flag leaf.Flag leaf of wheat is a major source of photosysithéor the developing grain
and its size contributes to interplant competiii§pagnolettiet al, 1990). Most often the flag leaf
width is narrow to medium. Comparing the width lné teaf of spring and winter wheat, the leaves
of winter wheat are wider than ordinarily. The |leaélth depends also on weather conditions like
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many other characteristics, for that reason theltesan be different in different years. The
average width of flag leaf was between medium drahg (6.6 points). In 2006, the characteristic
varied between medium (4) to wide (8); the breeids10116B and Lia 0029 having the widest
leaves. In 2007, the points were in the range 6f(Bedium to very wide), the widest in the breed
Lia 00116A and the most narrow in the variety SanifAe variation in the width of flag leaf of
SaniC was absent, but the variation coefficientoiirer lines ranged from 9.0-23.8 %. The width
of the flag leaf was mainly determined by the \grie

The frequency of plants with recurved flag leavese optimal time for estimation is during
the heading stage, when the spikelets are outeotieath. The frequency of plants with recurved
flag leaves can be very small (leaves erect), siralicurved), medium (1/2 curved), big (3/4
curved) and very big (UPOV, 1994). The averageuesgy of plants with recurved flag leaves
was medium (5.1 points). In 2006, the share ofmeamlileaves was very small (1) to very big (9).
The frequency of recurved leaves was very big imiGand small in Lia 00116A and Lia 00127.
In 2007, the share of recurved leaves was verylgtato big (8 points), big in SaniA, SaniB and
SaniC and small in Lia 00127 and Lia 00105. CV @a83.0%. Lia 00127 was the most uniform,
absolutely no variation was fixed. Lia 00116A, 108105 and Lia 00116B were characterized by
high variability (CV=59.0-73.0%). This characteigsivas mainly affected by the variety. This is a
good characteristic for distinctness, because anfmegds and varieties both types of leaves
occurred: erect and strongly curved. The resulth®two years were similar and not influenced by
weather conditions.

Glaucosity.The glaucosity of the sheath of the flag leaf, ¢fae and the neck of the culm were
estimated. The observations were carried out durifigrescencing. Wheat varieties and breeds
often have a grayish blue waxy aril that protebes plants from some in environmental factors.
This is a good characteristic for distinctness.sTé¢haracteristic occurs more strongly in dry and
sunny summers. The two years average glaucosityeo$heath of the flag leaf was medium (6.2
points). The points varied in range from mediunsttong (6—8). In 2006, Lia 00116A, Lia 00127
and Lia 00105 had the strongest glaucosity, thekesteSaniA and SaniC. In 2007, the points were
in the range of weak until becoming strong (3—6L8. 00116A had the strongest glaucosity and
the weakest Lia 0029. The coefficient of variatieas 8.4—-42.2%, the less varied were SaniB and
Lia 00116B (both 8.4%). More variable was Lia 0029.2%). The effect of year and variety to the
characteristics was similar.

Table 1. The coefficient of variation (CV) (%) diet morphological characteristics of winter wheat
material in 2006—2007

Breed, variety/ SaniA  SaniB  SanicC Lia Lia Lia Lia Lia Lia
Characteristics 00116A 00116B 0029 00127 0019 00105

Anthocyanin
coloration of

: 727 00 00 35.0 620 612 612 607 0.0
auricles of flag

leaf

Hairiness of

auricles of flag 306 645  73.0 32.3 144 163 0.0 00 182
leaf

Width of flag leaf ~ 23.8 233 0.0 12.0 158 111 211. 152 9.0
Frequency of

plants with 213 209 94 730 59.0 122 00 258 612
recurved flag

leaves

Glaucosity of 191 84 122 13.7 8.4 422 182 275 221
sheath of flag leaf

g'iﬂfrzs'ty ofneck 4159 77 6.0 8.4 183 226 0.0 6.0 5.7
Glaucosity of ear 27.4 7.9 23.8 15.9 7.7 32.3 7.3 7.78 96
Hairiness of upper 1, 5 535 g 27.9 28.8 00 288 565 427
node of culm

Ear density 00 182 00 12.2 245 223 155 18.8 561
Length of scurs 253 149  61.2 30.6 350 141 155129 256
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The two years average glaucosity of the neck ofctiien was medium to strong (6.5 points). In
2006, the estimated points varied between mediwrsttong (5-7.3), the breed Lia 00105 had the
strongest glaucosity and the weakest Lia 00116007, the points were 4.8—-7.3 (medium to
strong), Lia 00116A had the strongest and the wstadlkia 0029. The coefficient of variation was
0-22.6% for this trait, Lia 00105 (5.7%) had thealest and no variation was found in Lia 00127.
The estimation of characteristics was affectedheyytear and the variety. The biggest factor was
the unknown effect.

The average of glaucosity of the ear was 5.4 pdmisdium). In 2006, the points varied in the
range of 3.0-8.3 (weak to almost very strong), @05 having the strongest glaucosity and
SaniA the weakest. In 2007, the points were inrdrege of 1.0-7.3 (very weak to strong), Lia
00127 and Lia 00105 had the strongest and the weale0019. The variability of the glaucosity
of the ears within the lines was low to high (CV=3 %o 87.7%), Lia 00127 (7.3%) had the
smallest, the highest Lia 0019 (87.7%). The appearaf the glaucosity of the ear was mainly
affected by the variety.

It emerged during this study that the glaucosityhef sheath of the flag leaf and of the ear ditfere
between years. In 2007 these characteristics weakev than in 2006. The points of glaucosity of
the neck of the culm were similar in these yeals ®ccurrence of the glaucosity on the sheath of
the flag leaf was influenced by weather conditions.

The hairiness of upper node of culm. The optinaletifor estimation is during inflorescencing.
The hairiness of the upper node of the culm ismaportant characteristic for the distinctness of
varieties (Ulvinen, 1994). The average hairiness @& points (strong) in the years of research. In
2006, the points were in the range of 2.3-9.0 (wmakery strong), the variety SaniC had the
strongest and the weakest Lia 0019. In 2007, thetpavere 3.0-9.0 (weak to very strong), Lia
0029, SaniA, SaniB, SaniC had the strongest, amavakest Lia 0019. Lines SaniC and Lia 0029
were characterized with uniformity and stabilitytins trait and variations were absent. Other lines
were more variable, they had a coefficient of waiaof 12.0-56.5 %. The hairiness of the upper
node of the culm was mostly affected by the varigtycomparison between the two years it was
found that the estimated points were in the rang®.8(3.0)-9.0 in both years, although by
statistical analysis was found, that some influesfae year appeared.

Table 2. Analyses of the variance of winter wheaits. Components of variation due to yeayJR

Characteristics Determination coefficient (%) . 0
Year,R,* Variety, Ry° Residual (%)
Anthocyanin coloration of auricles of flag leaf 0.0 39.7** 60.3
Hairiness of auricles of flag leaf 6.6** 64.2%** 22
Width of flag leaf 4.6** 73.1%** 22.3
Frequency of plants with recurved flag leaves 1.2* 81.8*** 17.1
Glaucosity of sheath of flag leaf 32.5%** 27.9%* 0
Glaucosity of neck of culm 4.5ns 44.6%** 51.0
Glaucosity of ear 1.3ns 69.8*** 28.9
Hairiness of upper node of culm 12.5%** 64.7*** ».
Ear density 1.3ns 79.0%** 19.8
Length of scurs 10.6*** 80.4*** 9.0

variety (R%) and residual in percentage of the total sum dfwae
probability *** P< 0.001, ** 0.001<R 0.01, * 0.01< R 0.05, ns=not significant

Ear shapeThe ear shape can be tapering (1 points), parsitkdd (2 points), semiclavate (3
points), clavate (4 points) and fusiform (5 poini)e ear shape was estimated during full ripeness.
Most of the material had the tapering ear shap2006, Lia 0019 had parallel sided ears and only
SaniC had the clavate ear shape. The lines SardASaniB, Lia 00116A and Lia 00116B, Lia
0029, Lia 00127, Lia 00105 had a tapering ear shkp2007, SaniB and Lia 0019 had shapes
between the tapering and parallel sided and Saailte clavate ear shape. The lines SaniA, Lia
00116A and Lia 00116B, Lia 0029, Lia 00127, Lia 08had a tapering ear shape. Lia 0019 had
small differences between the years, but no vanatiithin the line. Ear shape may be influenced
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by weather in some years (Ulvinen, 1974). In thisearch no differences between the years in ear
shapes were found, except for the lines Lia 001RSaniB.

Ear density The characteristic was estimated from dough deveémt to the full ripeness stage.
Ear density depends on the length of rachis segndnis expressed by the number of rachis
segments or spikelets per 10 cm (Annus, 1974). ddvredensity is mostly medium in wheat in
Nordic conditions, but the varieties may also heaey lax or dense heads. In this study the density
of ears was lax to medium. The average ear dewsisy4.5 points (medium). In 2006, the points
were 3.7-7.0 (lax to dense), the most lax werebtieeds Lia 00116B (3.7 points) and Lia 00127
(3.7 points), the most dense was the ear of thietyaBaniC (7 points). The same results were
obtained in 2007. The coefficient of variation wWas24.5%. The variation was not observed in
SaniA and SaniC. Variability on the level of 1224 % was noted for 3 lines, but much higher
(18.2 -24.5%) for 4 lines. The ear density was niffienced by the variety. This characteristic
depends mostly on genetic derivation but weatheditions may have a little influence on the
occurrence of this characteristic (Ulvinen, 1974)e same was ascertained in our research (Table
2).

Ear color.The characteristic was estimated in full ripen@dse color of ear was estimated on a
scale of 1-2 points, where 1 was white and 2 wasl@ed ear. The majority of the wheat varieties
and lines have a white ear color (Ulvinen, 1994)isl a stable and firm characteristic for
distinguishing the varieties and breeds. Generdhis characteristic is uniform and does not
depend on the external factors. Among this mat¢hialears of all the varieties and breeds were
white. The ears of investigated material were whitd variation between the breeds and varieties
was absent.

Length of scursThe length of scurs was estimated from the dowgleldpment to the full ripeness
stage. Wheat varieties (breeds) can be dividedwmsanto two types: awned and awnless ones
(Annus, 1974). All the varieties cultivated in Esito and the varieties and breeds tested in this
study have scurs, but no awns. The average leridtie scurs was 3.8 points (short). In 2006, the
points were 1.7-7.0 (very short to long). The brerd0019 had the longest scurs and the shortest
the variety SaniC. In 2007, the points ranged betw®.0 and 5.8 (very short to medium). The
breed Lia 0019 had longest scurs and the shottestariety SaniC. The coefficient of variation
was in the range of 12.9-61.2%, the less varied Mi@<019. The length of scurs was mainly
determined by the variety. It turned out from tlesults of the two years that the weather had a
significant effect on the length of the scurs.

Conclusions

The morphological characteristics of breeds of @&intvheat of the Lithuanian Institute of
Agriculture and the material from Estonia were stigated in trials at the J6geva Plant Breeding
Institute in 2006—2007.

The most uniform characteristic was the ear colatiere all the lines had white ear colour without
the variation within the line and the ear shapgrirfile, where no variation among the SaniC, Lia
00116A and Lia 00127 was found. The most unifornthis material were SaniC and Lia 00127,
because the variation was absent in 3-4 traitgrdihes varied almost in all the traits. If a edyi

is uniform, then it is also stable.

In this research the most ununiform characteristiese the glaucosity of the sheath of the flag
leaf, the glaucosity of the ear and the lengthhefdcurs. All of the tested lines had a high |efel
variation. The most ununiform breeds were Lia 004 3a6d Lia 00116B, because all the twelve
characteristics varied. The homogeneity breedirth@ede breeds should be continued.

The variability of all characteristics was affecteylthe variety. The biggest was the influence of
the variety (R® 73-80%) on the width of flag leaf, the frequendyptants with recurved flag
leaves, the ear density and the length of scurs.bigjgest effect of the year (R10.6—-33%) was
on the glaucosity of the sheath of the flag Idaé, lhairiness of the upper node of the culm and the
length of scurs.

The best characteristics to distinguish the vasetiere the anthocyanin coloration of the auricles
of the flag leaf, the frequency of plants with ne@d flag leaves, the glaucosity of the ear, the
hairiness of the upper node of the culm, the eapshn profile and the length of scurs. There
appeared clear differences between the varietithénathe morphological characteristics. Variation
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was mostly determined by the variety but the climabnditions had some impact. Quite good
characteristics are also the glaucosity of thetbihafathe flag leaf and the glaucosity of the netk
the culm.

SaniC and Lia 00127 turned out to be the most establiform and distinct and continue as the
perspective line for further breeding process aegéder's seed production.
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ZIEMAS KVIESU ( TRITICUM AESTIVUM L.) MORFOLO GISKO PAZIMJU
DAUDZVEID IBA

Haljak M., Koppel R., Ingver A., Ruzgas V.
lgaunija pieviendjs Starptautiskajai jaunikignu aizsardibas savieibai (UPOV) 2000. gad S
iemesla d] mainjas prasbas jauam &irnem. 1994. gadl Igaunifp sajas sggka &irnu aizsardibas
likums. AtXkiriguma, izidzinatibas un viendaguma (AVS) noteikSana sasi@aar UPOV tika
uzsakta Jogevas Augu selekcijas instit 2002. gadl.
Laika period no 2006. idz 2007. gadam tikaapaudta igawu irne ‘Sani’ un 5 inijas no
Lietuvas zemkojas instilita. Rc UPOV metodikas tika noteiktas 26 paes. Sim ptjumam
tika izveletas 12 visvaitk atkirigas pazmes.
Visizlidzinataka paZme bija \arpu krasa, viam linijjam bija baltas &pas un iniju robe#s
dazdibas nebija, & an varpu forma profif, kam netika konstatas atgiribas starp ‘SaniC’, Lia
00116A un Lia 00127.Visimizinatakie no § materila bija ‘SaniC’ and Lia 00127, jo Siem
paraugiem daudzveioh netika konstata ec 3-4 pazmem; citas nijas nebija iadzinatas gandz
pEc visam paZmem.
Lielaka &irnes ietekme (=73-80%) bija uz karoglapas platumu, augu daudzarmoliekam
karoglam, varpas bivumam un akotveida smaigarums. Aud®anas gada ietekme bija dileh
(Ry?=10.6-33%) uz karoglapas maksts vaska apsarmbratiaug§a posma apmatojumu un
akotveida sméw garumu.
Labakas morfolgiskas pazmes &irpu at%kiriguma noteikSanai ir karoglapas apstiantocina
krasojums, augu daudzums ar noliktkaroglagm, varpas vaska apsarme, stiebra @&jmposma
apmatojums, arpas forma profil un akotveida smhi garums.
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EFFECT OF ORGANIC AND CONVENTIONAL PRODUCTION ON YI ELD AND THE
QUALITY OF SPRING CEREALS

Ingver A., Tamm |., Tamm U.
Jogeva Plant Breeding Institute, 1 Aamisepa SBQ886geva, Estonia, phone:+372 77 66912, e-
mail: ilmar.tamm@jpbi.ee

Abstract

The situation in the agricultural sector has chandering the last years. The need to increase
sustainability and protect the environment has becanore relevant. Also organic farming is
increasing in Estonia. The field trials were catrieut at the J6geva Plant Breeding Institute to
compare the grain yield and quality characteristicspring wheat, barley and oat in organic and
conventional conditions. Thirteen varieties of eaehneal crop were tested during a three year
period (2005-2007). The trial results showed thhtttee spring crops were able to produce
comparatively high yields in organic conditions.eThighest yielding in the organic trial was
obtained by oat followed by barley and wheat. Thedydecrease in spring wheat was the biggest
(34%) in organic conditions compared to conventi@oaditions. Yield reduction was mostly the
result of the shortage of plant nutrients. Weattmrditions were more favourable for cereals in
2005. Drought caused a decrease in grain yieldqaatity in 2006 and 2007. The grain quality of
barley and oats was similar in both cropping systemmeat produced bigger kernels in the organic
trial. Protein content in organic conditions desexh wheat having the largest decrease

Key words: springwheat, barley, oat, yield, quality, organic, corti@mal condition

Introduction

Cereals cultivated in organic conditions shoulddpiee sufficient yields without the use of mineral
fertilizers and plant protection chemicals (pedis). At the same time organic cultivation is
oriented to high quality production. Yield usualkes priority in non-organic cultivation but will
often have a lower priority in organic farming, a@éve to quality. Also, organic farming
management is complex. In contrast to conventi@yatems, organic farmers rely mostly on
preventive and adaptive management.

In Europe, Lammerts van Bueren (2003), Wolfe (2082 Vogt-Kaute (2001) have tested and
summarized the results of organic trials - orgglant breeding and crop production yield and
yield stability, the efficiency of nutrient uptakadaptation to organic inputs, quality charactiesst
etc.

In Estonia the following topics have been discussading recent years. Sepp and his colleagues
(2006) have tested the influence of organic crdatian on yield and the quality and weediness of
wheat and barley. Changes in the earthworm commimigxperimental plots of conventional and
organic trials have been studied by Ivask and heum (2007). The comparison of spring cereals
and their varieties in conventional and organictays have not been carried out in Estonian
conditions. The preliminary results of our trialsoat the yield and quality of spring cereals were
published in 2007 (Tammt al, 2007).

A series of field trials comparing organic and cemi¥onal systems of the production of spring
wheat, barley and oats was established in 200Beafiigeva Plant Breeding Institute in Estonia.
The objective of the study was the assessmentedfuhability of different spring cereal crops and
their varieties to organic cultivation.

Materials and Methods

The trials were conducted from 2005 to 2007 anduded 13 spring wheat, barley and oat
varieties. The following barley varieties were umbéd: Anni, Elo, Viire, Leeni (Estonia), Tocada,
Danuta, Barke, Annabell (Germany), Wikingett, Mdi8veden), Zazjorski 85 (Belorussia), Inari
(Finland) and new the Estonian breed 3280.14.1h4. dat varieties Jaak, Villu (Estonia), Hecht,
Revisor, Nelson, Jumbo, Freddy, Aragon (Germangndéla, Belinda, Birgitta, Freja (Sweden)
and Celsia (The Netherlands) were used. From thmgspvheat varieties the folloning were
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selected Helle, Meri, Mooni (Finnish-Estonian cbbaation), Vinjett, Tjalve, Zebra, SW Estrad
(Sweden), Munk, Triso, Monsun (Germany), Manu, Maffinland) and Baldus (The
Netherlands). The experimental design was a rarmmhiomplete block with 4 replications. The
organic and conventional trials were establishedamdy-podzolic soil. The average P content was
good, the level of K average, the rganic mattertemnmedium and the pH slightly acid. The
precrop in the organic trial was red clover in 2@0&I 2006 and was followed by buckwheat in
2007. Mechanical weed control by repeated harrowiag carried out after germination and in the
3-4 leaves stage. The precrops in the conventimiadd were potato and rapeseed. The fertilizer
level NyoP1eK2g Was used for oats andydN»oKsg for barley and wheat in the conventional trial.
Weeds were controlled by herbicides. A seeding aftéb00 (barley) and 600 (wheat, oat)
germinating seeds per m? was used. The yield, k80tel weight, volume weight, protein content,
the falling number for wheat and the husk contentofats was measured after harvest. The falling
number was determined by the ICC standard meth@flL 10at grains were dehulled by hand and
the hulls and groats weighed separately.

Weather conditions in all of the tested years wener than average (Figure 1). The most
favourable for yield formation were the weatherditions in 2005. The first half of the vegetation
period was cool and early season precipitationdeaa plant growth and development. Drought in
July had some effect on plant growth but the yiredevel was above average. The driest was the
vegetation period in 2006, but the distributionpoécipitation caused only small yield decrease
compared to the previous year. Severe drought (b@lynm during the 2 weeks before heading)
and a higher than average temperature in June@f &ulted in significantly shorter plants and
fewer spikelets (Keppart, 2008). Yield decrease vessarkable. Because of drier than average
vegetation periods in all of the 3 years there alasst no lodging and comparatively low disease
incidence. Data was analysed using the Agrobasputampackage (Agrobase geH’l12004).

350
300 | 270 274 =

2005 2006 2007 LPA

Figure 1. Precipitation (mm) of the vegetation perdf 2005-2007 compared to LPA (long period
average)

Results and Discussion

Grain yield.In the first trial year the yielding capacity df the spring cereals in the organic trial
was high extending to 4,500 kg héFigure 2). Yields of oats and barley were desgtitedrought
on average level also in 2006 respectively by 4,608 4,844 kg ha Spring wheat suffered the
most, producing only 3,342 kg faHeavy soil crust during germination, early droubefore
heading and an unsuitable precrop (buckwheat) @7 2f2creased the yields the most.

Similar to oganic trials in conventional conditiahe yield were the highest in 2005 and the lowest
in 2007 (Figure 3). The grain yield of the oat e&igs in conventional trials was lower than that of
barley and wheat during all the trial years.

In the conventional trial barely yield the highaserage (4,980 kg Hafollowed by spring wheat
(4,592 kg ha) and oat (3,977 kg Hy Oats were less influenced by the two managesysiems
and there was no significant difference in the ageryield of the organic and conventional trials.
In organic conditions the grain yield of barley sttuted 74 % and wheat 66 % of the
conventional yield.
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Figure 2. The grain yields of spring cereals inamig conditions in 2005-2007

kg ha'
8,000

5,990
6,000 5,840

4,980

4,000

2,000+

0,000~

4,131

4,149

3,787 3,97

2005

m Oat

O Barley

2007 Average

(LSDy o5 for 2005=182, 2006=147, 2007=138 and average:QTa'ﬂ(p

Figure 3. The grain yields of spring cereals inv@ntional conditions in 2005-2007

The most of the varieties ranked similarly by graield in both growing conditions. The

correlations between the grain yields of oat, lyaaled wheat varieties in organic and conventional
trials were significant (Table 1).

Table 1. The correlations between conventional @gdnic grain yield and quality characteristics

of spring cereals

Characteristic Oat Barley Wheat
Grain yield 0.76* 0.64* 0.80**
Thousand kernel weight 0.77* 0.93 0.93*
Volume weight 0.85%* 0.7* 0.71*
Protein content 0.76* ns 0.88%*
Husk content 0.81* - -
Falling number - — 0.7*

* — significant for P<0.05; ** — significant for Rx01 *** — significant for P<0.001; ns — not sigicgint

The highest yielding of the three years averag#énorganic trial were the oat varieties Belinda
(4,336 kg ha), Freddy (4,243 kg h8, Aragon (4,238 kg hY, Freja (4,147 kg hY, Villu (4,133
kg ha') and Jaak (4,082 kg P the barley varieties Annabell (4,164 kg'haTocada (3,942 kg
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ha'), Anni (3,845 kg h3), Barke (3,818 kg h4 and Viire (3,800 kg hg and the spring wheat
varieties Monsun (3,479 kg Mg Triso(3,305 kg hd), Zebra (3,153 kg i3, Vinjett (3,153 kg ha

) and Munk (3,133 kg ha.

While comparing the yields of the two managemeisteays the varieties of the different spring
cereals formed quite clear groups (Figure 4).

4,500
Aragon m Revisa
. M Belinda @®@Annabell
m Villu
’ . Vendela - Freja 3280-14-1-40 @ Tocada
o Celsia m ™ m Freddy Anni
< Birgitta /f\ Jaak Barke o fViri]rnel
<3 m Hecht Jumb Danuta”® Zazjorski 85
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Conventional grain vield (kg A

m — oat; A— wheat;e — barley
Figure 4. Comparison of organic and conventionairgyields of spring cereals (LgB=402)

The grain yield of the oat varieties in conventibmanagement was lower on the average vyield
than the rest of the conventional trial and thetiea in the organic trial was the opposite — b t
varieties outyielded the trial average. Most of Hezley varieties had higher than average trial
yields in conventional conditions and close to ageror even a little above in the organic trials.
Several spring wheat varieties produced higher thamage yields in the conventional trial but all
were lower than average in the organic trial. Ungigth management conditions increased grain
yield was associated with late maturity. The catieh coefficient between the yield and the length
of the growing period of wheat was 0.73 (P<0.01)the organic and 0.79 (P<0.01) in the
conventional trial. No significant correlation bet®n the yield and the length of growing period of
oats and barley was found.

Grain quality was higher in the same varietiesathbmanagement conditions. Significant positive
correlations of quality characteristics betweerhbronagement conditions were found except for
barley protein content. No significant correlatiomsre found between most of the tested traits in
both systems. The only significant correlation vie$ween yield and protein content of spring
wheat in the organic and conventional trials, respely —0.53 (P<0.05) and -0.82 (P<0.01). For
oat and barley the correlation was not significant.

When comparing the management the conditions thétguharacteristics of barley differed less
than the others. For three years the average 16ftekweight was 46.6 g in both conditions.
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Barley produced big kernels in organic conditiohsoan the low-yielding year 2007. Protein
content was also similar — respectively 116 g ikgthe organic and 120 g kgn the conventional
trial. The results of volume weight followed théusition respectively by 684 and 6857 |

In organic fertility management, oats also behasiedlarly to barley — there were no significant
differences. The tested years average 1000 keraglhtvwas 34.6 g in organic and 34.4 g in
conventional trials and the same for every yeatsskHcontent was also comparable by 262 and
265 g kg' respectively. Average volume weight was somewbagl in organic management by
470 g I' compared to that of conventional management (503).gDuring the first two years,
volume weight in the both management systems wasle&ignificant differences in volume
weight occurred in 2007, a year with an early drapgespectively 420 g'lin organic and 512 ¢'l

in conventional trials. The average protein contgas 120 g kg in organic and 129 g Kgin
conventional conditions. In 2005 and 2006 the auniaf protein was similar, but in 2007
significant differences occurred 117 in organic 488 g kg' in conventional trials.

Table 2. The grain quality characteristics of spereals in conventional and organic conditions

Characteristic Conventional conditions Organic conditions

QOat Barley Wheat [LSDy o5 Oat  Barley Wheat |LSDy5
Thousand kernel weight,|g 344 46.6 34.2 18 34.6 466 5 36. 19
Volume weight, g1 503 685 808 29 470 684 788 32
Protein content, g Ky 129 120 151 10 120 116 127 10
Husk content, g Ky 265 - - - 262 - - -
Falling number, s - - 296 — — - 285 =

Spring wheat reaction to different management gyst&as the most sensitive one. Average 1000
kernel weight was significantly bigger (36.5 g)tive organic trial compared to the conventional
trial (34.2 g). Significant difference in volume iglet was not measured. The biggest dissimilarity
was found in protein content. It was significarittyver in the organic trial in all the tested years,
being 127 g kg and 151 g kg respectively as the average. Spring wheat turnétbabe the most
sensitive to the shortage of nitrogen in the awilthe production of protein. Falling number values
were not much influenced by the particular managgmsgstem - 285 s in organic and 296 s in
conventional trial.

During a year average oats showed the highest tdvgiain yield in organic conditions (4,059 kg
ha'), followed by barley (3,703 kg Ha and spring wheat (3,020 kg Ha It has also been a
common experience in Norway that oats generallyopsr better than wheat with lower nutrient
availability (Loeset al, 2007). The grain yield of oat turned out to b&2aigher compared to that
of wheat in organic trial. Nutrient requirementsoaft are less than those of wheat (Forsberg and
Reeves, 1995). Oats outyielded barley and wheatganic trials in 2005 and 2007, but their yield
was 5% lower than barley in 2006. This could belared by the better tillering capacity of
barley. The results of 3 years of trials show tkamme varieties were found to produce
comparatively higher yields and better quality rgamic conditions. To get the best possible yields
on a given site, growers use varieties that arptadao that particular environment and to nutrient
levels, which fluctuate with the seasons (Lammeaits Bueren, 2003).

The decrease of the protein content of spring wigatl6% was observed in organic trials
compared to conventional trials. Previous studasetshown that the yield and protein content of
wheat produced under organic conditions are oftém@®6 lower than those achieved in
conventional conditions (Taylor and Cormack, 2aQ@2deret al, 2002). This may partially be due
to on insufficient nitrogen supply during the laggowth stages (Taylor and Cormarck, 2002).
Cultivation of wheat in organic conditions is a lbbiage for a grower but has great value because
of it can br utilized in multiple ways (Pedersstral, 2006).

Conclusion

The results of the trials indicate that on fersit@l and after a suitable precrop (red clover in ou
trial) all the spring cereals produced comparayivieigh yields with good quality in organic
conditions. Unfavourable weather conditions andiasuitable precrop caused a significant yield
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decrease. In terms of quality characteristics jpmot®ntent and volume weight were the most
influenced by the particular management systemtlamdveather. In organic conditions the highest
yielding was found in oats. In cultivating sprindi@at high soil fertility is needed to produce a
high yield with good quality.
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BIOLO GISKAS UN KONVENCIONALAS AUD;EéANAS SISTEMAS IETEKME UZ
VASARAJU GRAUDAUGU RAZU UN KVALIT ATI

Ingver A., Tamm I., Tamm U.

Situacija lauksaimnieibas sektar pedejo gadu laild ir izmairjusies. Nommigaka Kuvusi
nepiecieSafba palielit ilgtspejibu un aizsar@ vidi. Biologiskas lauksaimnieibas platbas
Igaunif palielinas.

Jogevas augu selekcijas inttit tika iekartoti lauka izngginajumi, lai satdzinatu vasaras kviesu,
mieZu un auzu graudu razu un kvabs pammes biol@iskos un konvenciaios apsiklos. Katras
graudaugu sugas 1Xkifes tika prbaudtas tfs gadu laik (2005.-2007. g.). lzaginajumu
rezuléti pamdija, ka visas vasaju sugas biolgiskos audzSanas apsklos sgja izveidot
saldzinoSi augstas raZzas. Rgikas biolgziskajos izngginajumos bija auzasam sekoja miezi un
kvieSi. Liekkais razas samazjums (34%) biolgiskos apgtklos saidzinguma ar
konvencionalajiem apsikliem bija vasaras kvieSiem. RaZas san#ains bija galvenakt augu
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bafbas vielu tikuma . Laika apsikli 2005. gad bija graudaugiem laleligaki. 2006. un 2007.
gadi graudu razas un kvaltes samazasanos izraiga sausums. MieZu un auzu graudu kagdit
akis audzSanas sigtmas bija tdzga; kvieSiem biolgiskos apsgiklos veidadjs lielaki graudi.
Prot@na saturs biolgiskos apgtklos samazifjas, liekkais samazi#jums nowrots kvieSiem.

THE NEW LITHUANIAN FIBRE FLAX VARIETY ‘SNAIGIAI
Jankauskiené Z., Bagelis K.

Upyte Research Station of the Lithuanian Institute ofidgture, Linininky 3, Upye, Panegzys
district, Lithuania, LT-38294, phone: +370 45 5384e-mail:soja@upyte.lzi.It

Abstract

Fibre flax Cinum usitatissimunl.) is the most important source of natural fibfes textile
production in many countries where cotton is naiwgr. For 4 thousand years flax has been
serving Lithuanians as raw material for clothingpd, medicine and other purposes. Linen (fabric
from flax fibre) is highly hygroscopic, has highr @ermeability and heat conductivity, does not
cause allergic reactions and is helpful in treattngpumber of allergic disorders. Because of
exlusive value of this plant and interest of graavand processors, fibre flax has been bred in
Lithuania since 1922. During this period eighteibref flax varieties have been developed.

he new fibre flax variety ‘Snaigiai’ (breeding litdp. 2243-13) has been bred using the method of
intervarietal hybridization. This breeding line wasted in the control nursery in 2001-2002 and in
the preliminary variety testing trials in 2003.the competitive variety trials ‘Snaigiai’ was taste
in 2004-2005. It is a white flowering, moderatelyening, and lodging resistant variety. The seeds
are brown, 1000 seed weight is 5.53 g. It exhihitsh fibre quality and is suitable for textile
production. ‘Snaigiai’ was bred by Dr. K. &is. Since 2005 initial variety testing has beenedl

by Dr. Z. Jankauskien Since 2007 the variety has been tested for DWS/&EU.

Key words: breeding, fibre flax, fibre quality, variety, yield.

Introduction

Linum species belongs to the oldest arable crops. Bveancient times fibre and oilseed were
considered valuable agricultural products.

Flax (Linum usitatissimumnt..) cultivation is considered a traditional branch agriculture in
Lithuania. For 4 thousand years flax has been sgriithuanians as raw material for clothing,
food, medicine and other purposes. For three cest{KVII-XIX) flax was the main source of
income for Lithuanian people. During all the pegodf Lithuanian State development flax
cultivation was one of the key branches of the gnaaluction economy (BraZuki&n2001).

Fibre flax breeding has been carried out in Lithaasince 1922 (Bzelis, 1998). Fibre flax
breeding in Lithuania was started at the Breeditati® in Dotnuva, then continued at the
SavitiSkis Research Station, and since 1965 has Here at the UpytResearch Station of the
Lithuanian Institute of Agriculture. The first flabreeder was Prof. D. Rudzinskas. At the
beginning, flax varieties were bred by the methbandividual selection. In 1932 synthetic flax
breeding was initiated by crossing selected vasetSince 1971 physical and chemical mutagens
have been applied in flax breeding. From 1922 @b2€ighteen fibre flax varieties were developed
in our country (Baelis, 2001).

In the first stages of breeding initial materiat fwossing must be evaluated. It has to be diverse
and abundant and has to meet key requirements Umckdr conditions (Rosenberg, 1995). The
tested varieties or breeding lines, mutants that beet the requirements are necessitaled by for
intervarietal hybridization with a view to develaginovel breeding material.

The prime aim for fibre flax breeders is to inceedibre yield per hectare, but this characteristic
has low heritability, and it is not easy to evatudiecause it is largely influenced by the
environment(Fouilloux, 1989).High fibre quality is one of the key requirementsfibre flax
breeding for textile purposeXd¢nnep u Pynsckuii, 2002).But the quality is yet less heritable than
fibre productivity. Moreover, there seems to be atimg genetic correlation between fibre
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productivity and quality (Fouilloux, 1989%urthermore, the new flax varieties should be tasido
lodging and diseases (8gis and Gruzdevien 2001; Trouve, 199&psiiosa u dp., 2002).

Therefore, it is not easy to breed fibre flax beeain general, the important characteristics have
poor heritability, are difficult to evaluate andedkelarge quantity of seeds in field trials (Fouibo
1989; Keijzer and Metz, 1992).

Our aim is to develop novel high yielding fibreXflaarieties, resistant to lodging, with a high ébr
yield and quality, less susceptible to fungal diesa with a moderately long vegetative growth
period, well adapted to Lithuania’s soil and climmabnditions.

The hypothesis of the study is that the new vanieity be high yielding, will have good fibre
quality and will be less sensitive to lodging anskdses.

Materials and Methods
The flax breeding was conducted on a Eutri-Endobigyac Cambisol (Buivydaidt et al., 2001).
Flax was sown after winter wheat. Conventional ication practices were used. Fibre flax
breeding was carried out according to the followsgheme: 1) nurseries of initial material
(collection, hybrids, mutants), 2) breeding nursedy hybrid nursery, 4) selection nursery, 5)
control nursery, 6) preliminary variety trials, @mpetitive variety trials. In the nursery of iaiti
material the varieties and accessions were sowpldts of 0.2-1.0 ) and in the breeding,
selection and control nurseries — in the plots.@t40 ni. In the control nursery flax was sown
with 4-5 replications. Initial and competitive vty trials involved 3-4 replications. The size of a
record plot wasl1.2 and 16.0 fn respectively. All field trials were conducted (wia few
modifications) in compliance with the published hetology (Meromuueckue, 1978;Porar u op.,
1987).
In the competitive and initial variety trials thio{s were sown by the sowing machine SNL-16 at a
seed rate of 25 million seed per hectare, 10 croespatween rows. In the other nurseries the plots
were sown manually at a seeds rate of 22 milli@dseer ha. Insecticides were sprayed against
flax flea beetles and herbicides were used to obwneeds.
During the vegetative growth period phenologicatetations were done, lodging resistance and
fungal diseases on the natural background weressesd¢lomaxosa u dp., 2002). Flax was pulled
at the stage of early yellow ripeness, threshed A& thresher, the stems were retted in warm (33-
37°C) water, the stems were scutched by by a segt¢bol SMT-200, fibre was hacked by combs
number 9 and 13. The number of long fibre was ddted in the laboratory, flexibility by the
device G-2, the strength of fibre by the device BKand thinness (divisibility) — following the
special methodology by counting separate fibrea fibre sample, the length of which is 1 cm,
mass 10 mg. Long fibre rupture length (in km) wafcalated using the formulavigromuxu,
1961):
RL=01CF +02*S+0.013* D+ 21
Where: RL -Long fibre rupture length, km;

F — Long fibre flexibility, mm;

S — Long fibre strength, kg force;

D — Long fibre divisibility, units;

0.1; 0.2; 0.013 and 2.1 are constants.

Morphological analysis of plants was carried oueng seed and fibre yield was evaluated using
analysis of variance. For calculations we usedsthéstical software developed at the Lithuanian
Institute of Agriculture (Tarakanovas and Raudoni@03).

Meteorological conditions during the period 197®2@vere not favourable every year and had a
marked effect on the yield. The years 1990, 1999311996, 1997 and 2000 were favourable for
flax growing and a satisfactory seed and fibredyighs obtained in these years. In the years 1992,
1994 and 1999 hot and dry weather in June andrdalkedly a declining flax yield. In the year
1998 very abundant rainfall in July lodged the fidants, which resulted in a marked deterioration
of flax produce quality. In 2001 the weather coiodis were adverse, especially in the second half
of the growing season. Heavy rainfall lodged flamps. The year 2002 was characterised by a
shortage of moisture during the growing seaso20B3 because of the lack of rainfall in the first
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half of the growing season, flax did not developlybe end of the growing season was rainy and
the flax stand was partially lodged.

Results and Discussion

The new fibre flax variety ‘Snaigiai’ (breeding ¢éinNo. 224313) has been bred at the Epyt

Research Station of the Lithuanian Institute of idgiture using the method of intervarietal

hybridization. In 1979 the female variety ‘T-10'f (Russian origin) was crossed with flax variety
‘VNIIL-6" (developed in Russia). After investigatis on hybrids and selection nurseries, this
breeding line was tested in the control nurser3G@1-2002 (Table 1).

Table 1. Some characteristics of the new fibre ¥ariety ‘Snaigiai’ (breeding line No. 2243-13) in
the control nursery. Upyt averaged data 2001-2002

Indices ‘Snaigiai’ ‘Ariane’ ‘Snaigiai’ (2243-13)
(2243-13) (standard) compared to ‘Ariane’

Stem yield, t h& (LSDys 0.26) 4.75 4.63 102.6
Seed yield. t HA (LSDys 0.05) 0.58 0.53 109.4
Long fibre yield, t h& (LSDys0.12) 0.65 0.61 106.6
Long fibre content, % (LS& 2.5) 14.0 13.3 105.7
Long fibre flexibility, mm 41.9 37.4 112.0
Long fibre strength, kg F 14.9 11.4 130.8
Plant height, cm 88.3 74.3 118.9
Growing period, days 89.5 89.5 100.0
Resistance to lodging, points (9=not lodged) 8.6 1 8. 105.6

In the initial variety trials ‘Snaigiai’ was testen 2003, in the competitive variety trials in 200
2005 (the results are presented in Table 2).

Table 2. Some agrobiological characteristics of tiesv fibre flax variety ‘Snaigiai’. Upyt
competitive variety trials. Averaged data 2004-2005

Indices ‘Snaigiai’ ‘Hermes’  ‘Belinka’ ‘Snaigiai’ ‘Snaigiai’
(standard) (standard) comparedto compared to
‘Hermes’ ‘Belinka’
Stem yield. t ha 6.30 5.85 - 107.7 -
(LSDys 0.67)
Seed yield. t H& 0.61 0.74 - 82.4 -
(LSDgs 0.11)
Long fibre yield, t hd (LSDys 1.65 1.57 - 105.1 -
0.19)
Long fibre content, % 26.2 26.5 16.3 98.9 160.7
Long fibre flexibility, mm 46.6 38.1 42.5 122.3 1@9
Long fibre strength, kg F 13.9 15.6 14.1 89.1 98.6
Long fibre divisibility, units 283 248 246 1141 35
Long fibre rupture length, km 13.2 12.3 12.4 107.3 106.5
Long fibre quality number 12.4 11.9 12.6 104.2 98.4
Plant height, cm 80.1 73.8 - 108.5 -
Technical stem length, cm 70.6 69.3 - 101.9 -
Number of capsules per plant 1.25 1.80 - 69.4 -
1000 seed weight, g 5.53 5.59 - 98.9 -
Growing period,. days 89 91 - 97.8 -
Resistance to lodging, points (9= 8.90 8.95 - 99.4 -
not lodged)
Disease incidence on stems, % 12.8 37.0 - 34.6

Since 2007 the variety has been tested for DUSVEI. K. B&elis is the author of Snalglal
Since 2005 competitive variety testing and inisabd multiplication have been carried out by Z.
JankauskietaVCU results for the new fibre flax variety ‘Snagiin Pasvalys and PluigState
Variety Testing Stations in 2007 are presentedablds 3 and 4.In the control nursery in 2001-
2002 (Table 1), ‘Snaigiai’ produced slightly larggtem, seed and long fibre yield when compared
to the standard variety ‘Ariane’. The plants of &8jiai’ were taller than those of ‘Ariane’. Flax
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‘Snaigiai’ had slightly higher fibre content, mditexible and stronger fibre compared to ‘Ariane’
in the control nursery. The duration of the growsegison for both varieties tested was the same.
Average data of 2 years of competitive trials i922005 (Table 2) showed that the new variety
‘Snaigiai’ had taller plants, higher stem and Idibge yield, more flexible and thinner fibre (highe
divisibility data), a higher quality number and tugg length, compared to the standard variety
‘Hermes'. Plants of ‘Snaigiai’ were more resistemEusarium sppandColletotrichum lini

Fibre quality of the variety ‘Belinka’ is known ahke standard of good quality, thus for the
evaluation of fibre quality in our trials the vayieBelinka’ was chosen as a reference (standard)
variety. Compared to the data of ‘Belinka’ (quakiandard), a flax of the new variety ‘Snaigiai’
had higher fibre content, more flexible fibre, hegtiibre divisibility and rupture length.
Investigations carried out at the LIA UpyResearch Station suggest that ‘Snaigiai’ is a evhit
flowering, high fibre yielding, moderately late eiping, lodging resistant variety. Fibre quality is
satisfactory and suitable for textile productiore8s are brown, 1000 seed weight — 5.53 g.

VCU testing results for the new fibre flax variéBnaigiai’ at the Plung State Variety Testing
Station (western part of Lithuania, region with lfeg rainfall) in 2007 (Table 3) showed that flax
of this variety had lower stem yield, but due tghwr long fibre content, the long fibre yield was
higher compared to that of the standard varietystitaai’.

Table 3. VCU testing results for the new fibre flaaiety ‘Snaigiai’.(Plung. VCU trials, 2007)

Indices ‘Snaigiai’ ‘Kastyiai’ ‘Snaigiai’ compared to
(standard) ‘Kastycial’
Stem yield, t ha (LSDys 0.30) 6.08 7.16 84.9
Long fibre yield, t h& (LSDys 0.06) 1.16 1.08 106.9
Long fibre content, % (LS 2.37) 25.5 20.3 125.7
Long fibre flexibility, mm (LSQs 2.08) 31.9 35.5 89.8
Long fibre strength, kg F (L$20.91) 135 12.7 105.7
Long fibre divisibility, units 194 181 107.6
Long fibre rupture length, km 10.54 10.50 99.7
Long fibre quality number (LS§ 0.53) 11.0 10.9 101.1
Plant height, cm 75 76 98.7
Growing period, days 91 89 102.2
Resistance to lodging, points (9=not lodged) 9.0 0 9. 100.0

The fibre of ‘Snaigiai’ was less flexible than thaft ‘Kastyciai’, but that of the new variety was
firmer (by 5.7 %) and finer (by 7.6 %). Long fibmgpture length, quality number, plant height, and
resistance to lodging were very similar for bothietées tested.

Table 4. VCU testing results for the new fibre flaaciety ‘Snaigiai’. (Pasvalys. VCU trials, 2007)

Indices ‘Snaigiai’ ‘Kastyiai’ ‘Snaigiai’ compared to
(standard) ‘Kastyciai’
Stem yield, t hd (LSDys 0.75) 7.55 6.18 122.2
Long fibre yield, t hd (LSDys 0.09) 1.12 1.05 106.5
Long fibre content, % (LS 1.75) 20.9 23.9 87.6
Long fibre flexibility, mm (LSQs 1.67) 30.6 25.2 121.4
Long fibre strength, kg F (LS21.36) 10.6 10.5 101.0
Long fibre divisibility, units 189 131 144.2
Long fibre rupture length, km 8.3 9.7 85.3
Long fibre quality number (LS§3 0.64) 115 9.8 117.9
Plant height, cm 75 71 105.6
Growing period, days 71 75 94.7
Resistance to lodging, points (9=not lodged) 9.0 0 9. 100.0

The trials in the Pasvalys State Variety Testiragi®h (north-east part of Lithuania) in 2007 (Table
4) showed that the new fibre flax variety ‘Snaiglead a higher stem yield (by 22.2 %), but the
content of long fibre in the stems was lower coragato that of the standard variety ‘Kasay'.
The fibre of ‘Snaigiai’ was more flexible and them(higher divisibility data), and was evaluated
under a higher quality number. The plants of ‘Siadligrew taller (by 4 cm), ripened 4 days earlier
than the plants of the standard variety. Both ti@seshowed good results of lodging resistance.
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The results in both State Variety Testing Statiomsld differ due to the different soil and climatic
conditions. This confirms that flax yield and itaaljty are not stable and largely depend on the
local conditions.

The new fibre flax variety ‘Snaigiai’ was foundlte superior to different standard varieties.

Conclusions

In the control nursery in 2001-2002 ‘Snaigiai’ (bding line No. 2243-13), produced a slightly
longer stem, more seed and long fibre yield compé&rehe standard variety ‘Ariane’. The plants
of ‘Snaigiai’ were taller, had slightly higher fdicontent and more flexible and stronger fibre. The
duration of the growing period for ‘Snaigiai’ an&riane’ was the same.

In the competitive variety trials the new fibrexflaariety ‘Snaigiai’ had taller plants, longer stem
and long fibre yield, more flexible and thinnerrBb(higher divisibility data), a higher quality
number and rupture length compared to the standaniéty ‘Hermes’. The plants of ‘Snaigiai’
were more resistant téusarium spp and Colletotrichum lini When compared to ‘Belinka’
(quality standard), flax of the new variety ‘Snaigihad higher fibre content, more flexible fibre,
better fibre divisibility and rupture length.

VCU tests in 2007 showed that in the Plaimggion the new fibre flax variety ‘Snaigiai’ had a
higher long fibre content and vyield, stronger aimeif fibre, and in Pasvalys region taller plants,
longer stem and long fibre yield, more flexible ahthner fibre (higher divisibility data), and a
higher quality number compared to the standarcetatKastyiai’.

‘Snaigiai’ (breeding line No. 2018-8) is a whitewering, high fibre yielding, moderately late
ripening, lodging resistant variety. Fibre qualiysatisfactory and suitable for textile production
The seeds are brown, 1000 seed weight is approiyab3 g.

References
1. Baelis K. (2001) ‘Vega 2’ and ‘Kastjai’ — the newest fibre flax cultivarsAgriculture. Scientific
articles, 76, 127-133.
2. Baelis K. (1998) Pluostini liny selekcija. InAugal; selekcija Vilnius, 97-105.
3. Bakelis K., Gruzdeviea E. (2001) Resistance of fibre flax varietieolletotrichum liniManns et Boley.
Biologija, 3, 4-9.
4. Brazukieg I. O. (2001) Pluostini liny auginimas Lietuvoje: istoriniai ir geografiniaipktai. In:Liny
auginimas ir j3 tyrimai. Flax cultivation and resea. Upyte, 116-124
5. Buivydait, V.V., Vaicys, M., Juodis, J. ir kt. (2001)etuvos dirvozemiklasifikacija Vilnius. 76.
6. Fouilloux G. (1989) Breeding flax methods. Fax: breeding and utilisationG. Marshal (ed.) Kluwer
academic publishers. ECSC, EEC, EAEC, Brusseld.ardmbourg, 14-25.
7. Keijzer P., Metz P. L. J. (1992) Breeding okffar fibre production in Western Europe Ifihe biology
and Processing of flaxSharma H.S.S., Van Sumere C.F. (eds.) M PuB&ifast, 33-66.
8. Rosenberg L. (1995) Flax collection — sourcérefeding for fibre quality. InBreeding for fiber and oil
quality in flax St. Valery en Caux, France, 14-20.
9. Tarakanovas P., Raudonius S. (2008yronomini; tyrimy duomen statistie analiz taikant
kompiuterines programas Anova, Stat, Split-Plgtaketo SELEKCIJA ir IRRISTARkademija. 58.
10. Trouve J.P. (1996) L‘amelioration variatale ldutextile face aux besoins des marches Comptes
rendus de e‘academie d‘agriculture de FranEeance, 82 (8), 55-63.
11.Kpsuiosa T.B., Jlomakosa H.U., Kyapssuesa JIIT. u ap. (2002)Cenexius apHa-I0ITYHIIA HA TPYIIOBYIO
yCTOfI‘IPIBOCTL K 6OHC3HHM |n: Ce]lem;uﬂ, C€M€H060()6m60, acpomexHuKka, IKOHOMUKA U nepeudHas
obpabomxka avHa-ooaeynya. Topxok, 30, 1, 35-39.
12. Jlomakosa H.U., Kpeumosa T.B., Kyapseuesa JLII. (2000) Memoouueckue ykasanus no
gumonamonozuueckoll oyenke ycmoudueocmu noHa-0oacynya Kk 6onesnam. Mocksa. 52.
13. Memooduueckue ykazanust RO npo8eOeHUr0 noIegbix Onvimog co AvbHom-ponryuuom (1978).Topxok. 72.
14. Memoouxu mexnonocuueckou oyenku noHa u kononau (1961).Mocksa.182.
15. Poram A.P., MapuenkoB A.H., Anekcanaposa T.A. u ap. (1987)Memoouueckue ykazanusn no cenexyuu
JbHa-o0onzynya. Topxok. 62.
16. Xemrep K., Pynbsckuii C. (2002)Bbuosiornueckuii mporpecc B CENEKIUN ¥ arpOTEXHUKE JIbHA-IOJTYHIIA.
In: Cenexyus, cemenogoocmeo, azpomexHuxa, d3KOHOMUKA U HEPBUYHASL 0OpabOmKa TbHA-002YHYA.
Topxok, 30, 1, 149-152.

71



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

JAUNA LIETUVAS S KIEDRAS LINU SKIRNE ‘SNAIGAI

Jankauskiere Z., Batelis K.
Skiedras lini Linum usitatissimumL.) ir noZmigakais dalbigo &iedru nodroSiatajs
tekstilmipnieaba daudas valsts, kuis netiek audsta kokvilna.Cetrus tikstoSus gadu Liet@vini
tika izmantoti agerbam, @rtikai, medignai un citm vajadzbam. Lina audums (audums no linu
Sidram) ir izcili higroskopisks, tam piefngaisa caurlaitha un siltuma izakija, tas neizraisa
alergiskas reakcijas un var tikt izmantots daudzu gdéu traugjumu arsteSara. Ta ka augam
piemt izcila \ertiba, K af balstoties uz audiEju un Erstradataju ieinterestibu, kiedras lini
Lietuva tiek selekcioati kops 1922. Astgpadsmit Eidras linu &irnes ir izveidotas kop tlaika.
Jauna &iedras linu Birne ‘Snaigiai’ (inija Nr. 2243-13) tika izveidota izmantojot stégpsu
hibridizaciju. Selekcijasihija tika @Erbaudta kontroles auditava 2001.-2002., iepriek§a Skirnu
parbaud — 2003.gaal SaidzinoSaj Skirnu parbaud ‘Snaigiai’ tika @rbaudta 2004.-2005. T ir
baltziedu, vidji agrina, veldres iztdga %irne. Sklas ir biinas, 1000 &lu svars ir 5.53 g.
Skiedras kvalitte ir augsta un ir pietnota tekstilfipniedabai. Dr. K. Baelis ir izveidojis &irni
‘Snaigiai’. Kop3 2005.gadak&nu parbaudi %irnei veica Dr. Z. JankauskienKop$ 2007. gada
gkirne nodota AVS un Bl parbaudm.

THE PATH ANALYSIS OF YIELD TRAITS IN SUNFLOWER ( Helianthusannuus L)
Kaya Y., Evci G., Pekcan V., Gucer T., Durak SYilmaz M.I.

1Trakya Agricultural Research Institute, PO Box; 28100 Edirne, TURKEY,
Phone: +90 284 2358182, Fax: +90 284 2358210, e-yacinkaya@ttae.gov.tr

Abstract

Plant breeders have always tried to know that whlddracters contribute more in the seed yield
that is a quantitative character influenced higingm environment and their relationships. Path
coefficient analysis helps the breeders to explaindirect and indirect effects; hence it has been
extensively used in breeding works by various neteas. The research covering vyield
performance and the path analysis of hybrids inttles at the National Sunflower Research
Project was conducted in Edirne province, where2@f of thesunflower production in Turkey.
The totals of 2932 sunflower hybrids were tested 18 trials in this research. The 1000 seed
weight gave the highest contribution to breeding Hmgher yield, and head diameter and plant
height followed it respectively regarding to cobttion to seed yield based on path and simple
correlation analysis both in dry and rainy growsgasons.

Key words: sunflower, hybrid, seed yield, yield traits, pattalysis.

Introduction

Seed yield is a quantitative character, which fei@mced more from climate and environmental
factors in sunflower because of being controlleddanumber of genes. To increase the yield, the
study of direct and indirect effects of yield compats provides the basis for successful breeding
program and hence the problem of yield increasebmamore effectively tackled based on the
performance of yield components and selection fosaly related traits (Fehr, 1993). Head
diameter, 1000 seed weight, plant height are v#dugsleld parameters to determine for yield
improvement in the sunflower (Miller and Fick, 1997

The use of simple correlation analysis could ndlyfexplain the relationships among vyield
characteristics. Path coefficient analysis helps heeder(s) to explain the direct and indirect
effects for a more and complete determination efithpact of independent variable on dependent
one among important yield traits (Singh and Changdted79). Therefore, path coefficient analysis
has extensively been used by many researchers (HaglaAtakisi, 2003; Kayat al, 2003;
Vidhyavathi,et al.,2005; Goksoy and Turan, 2007). This research waduxcted to determine the
direct and indirect effects of yield traits on gunflower yield by path analysis in conducted $rial
over many years in dry (1999-2001) and in rainyseaa (2002-05)) in Edirne, Turkey.
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Materials and Methods

The experimental hybrids developed by crossing fer@MS and restorer lines and five control
hybrids that have highest selling market shareurk@y and existed each year in the trials used in
the research. The research was conducted in tHeyd vagricultural Research Institute fields in
Edirne province which has the 20% of sunflower piaighn proportion in Turkey between 1999
and 2005 as part of Turkish National Sunflower Rese Project. The total of 2932 sunflower
hybrids were tested in 118 trials in this projeg2g hybrids in 26 yield trials in 1999, 650 hybrids
in 23 trials in 2000, 457 hybrids in 17 trials i@, 365 hybrids in 15 trials in 2002, 176 hybrids
in 8 trials in 2003, 295 hybrids in 13 yield triats2004 and 355 hybrids in 16 trials in 2005).

The experiments were conducted based on the Ramddn@omplete Block Design with three
replicates. The TARPOPGEN statistical package (@zsal Acikgoz, 1999) was used to analyze
these relationships with detailed examination bt @aalysis (Singh and Chaudhary, 1979). The
three rows plots were 6-m long with 70 x 35 cm pacing. The middle row was harvested and
the border rows were discarded, and the plot se= 378 m? at harvest. Seed yield (SY) (kd)ha
1000 seed weight (TSW) (g), flowering (FP) and phlggjical maturity period (PM) (day), plant
height (PH) and head diameter (HD) (cm), oil (OGJ &Ausk content (HC) (%) were measured.

Results and Discussion

Highly significant and positive correlations of S¥th TSW were found in all years except in

2003. HD and PH were also significantly correlatgth SY in the dry period (1999-2001). OC

were also positive and significant in 2001 and 2@&@th HC only in 2000 and 2001 (Table 1, 3, 5,
7,9, 11, 13).

Table 1: Correlation values of sunflower hybridd899.

Seed Yield 1000 SW Husk C. FlwP. P.Mat. PgHei Head Diam.

Seed Yield 1.000

1000 S Weight 0.324** 1.000

Husk Content -0.014ns 0.105** 1.000

F. period -0.047ns -0.101**  -0.035ns 1.000

Phy. Maturity 0.073* -0.019ns -0.019ns  0.384** 1.000

Plant Height 0.310* 0.302** 0.143** 0.138** 0.240** 1.000
Head Diameter  0.355* 0.252**  -0.008ns 0.040ns  0.162** 0.244** 1.000

** = Sjgnificant at 1 % level, * = Significant at% level, ns= Non Significant

FP and PM had generally non-significant relatiopshbased on correlation analysis. FP was
negatively correlated with SY in the dry seasong smeant that earlier hybrids got higher yields.
Since the simple correlation coefficients did nitegclear information about the interrelationship
between the causal and resultant variables, thelation coefficient estimates were partitioned
into direct and indirect effects to establish théeisity of effects of independent variables on
dependent ones in path analysis. The path analfygisld traits in the research is given in Tabje 2
4,6, 8,10, 12 and 14.

Table 2: The path (p) coefficients and percent§®gsn seed yields of hybrids in 1999.

1000 S W Husk Content  Flower. period  Phy. MaguritPlant Height Head Diameter
P % P % P % P % P % p %

TSW 0.197 584 0.021 17.3 -0.020 14.4 -0.004 2.8 0.060 1701050 13.8
HC -0.007 2.0 _-0.065 54.1 0.002 1.7 0.001 09 -0009 27 0001 10
FP 0.007 2.2 0.003 2.2 -0.07352.6 -0.028 205 -0.010 2.9 -0.003 0.8
PM 0.000 0.1 0.000 0.2 0.005 3.6__ 0.0139.6 0.003 0.9 0.002 0.6
PH 0.062 18.2 0.029 245 0.028 20.3 0.049 358204 58.5 0.050 13.8
HD 0.064 19.1 -0.002 1.7 0.010 7.5 0.041 330.0.062 179 _0.256 70.9

*Bold lines direct effect of trait.

The 1000 seed weight had the highest direct effiexiunt (84.4% in 2005) on setting of yield and
plant height followed by 82.5% in the 2002 research

73



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 0

FP had a higher influence on seed yield due taltiespring years in 1999-2001 than PM’s ones.
The direct effect of important yield traits such BSW and PH was less in dry years so they
affected positively seed yield utilizing over othieits.

Table 3: Correlation values of sunflower hybrid2000.
S.Yield Oil Cont. 1000 S W Husk Con. Flowering Phy Mat. Plant Hgt Hd Diam.

Seed Yield 1.000

Oil Content 0.017ns 1.000

1000 S Weight 0.313** -0.151* 1.000

Husk Content  0.195**-0.514* 0.234*  1.000

Flow. period 0.068* 0.091** 0.013ns 0.009ns 1.000

Phy. Maturity  0.061ns 0.073* 0.073* 0.078* 0.254**  1.000

Plant Height ~ 0.323* 0.094* 0.173**  0.094**  0.013ns  0.082** 1.000

Head Diameter -0.017ns -0.016ns 0.043ns  -0.034ns  -0.056ns  0.109** 0.267*F.000

Table 4: The path (p) coefficients and percentdg©sn seed yields of hybrids in 2000.
Qil Cont. 1000 S W Husk Con.  Flowering Phy Mat. lar® Height Head Diam.
P % P % P % P % P % P % P %

oc
TSW
HC
FP

0.105 40.9 -0.016 4.5 -0.05417.9 0.010 13.9
-0.037 14.4 0.246 69.7 0.058 19.00.003 4.5
-0.083 32.2 0.038 10.70.162 53.3 0.002 2.2
0.004 16 0.001 0.2 0.000 0.1 0.086.1

0.008 9.2 0.0102.7
0.018 21.30.043 11.4
0.013 15.10.015 4.1
0.012 13.7 0.001 0.2

PM 0.000 0.1 0.000 0.1 0.000 0.1 o0.0m4 _-0.0011.3

0.000 0.1

PH

0.026

10.2 0.048 13.70.026 8.6 0.0045.2 0.023 27.30.280 75.1

-0.002 0.9
0.011 5.7
-0.005 2.9
-0.003 1.4
0.000 0.1
0.075 39.8

HD 0.002 0.6 -0.0041.1 0.003 1.0 0.0057.6 -0.010 12.1-0.025 6.7 -0.09349.4

Table 5: Correlation values of sunflower hybrid2001.

S.Yield Oil Cont. 1000 SW HuskC. Flowering PhwatM Plant Hgt Hd Diam.

Seed Yield
Oil Content
1000 S W
Husk Cont
F. period
Phy. Maturi.
Plant Height
Head Diam.

1.000
0.323**
0.497*
0.104*

-0.167**

0.078ns

0.242**

0.131**

1.000
0.311*
-0.547**
0.034ns
0.082ns
0.227**
0.160**

1.000
0.165**
-0.154**
0.016ns
0.380**
0.159**

1.000
-0.070ns
-0.019ns
0.131**
0.115*

1000
0.411**

0.073ns

-0.116**

1.000
0.06¢ 1.000

-0.005n  0.225** 1.000

Table 6: The path (p) coefficients and percentd®gsn seed yields of hybrids in 2001.

Oil Cont. 1000 S W Husk Con. Flowering Phy Mat. lar® Head Diam.
Height
P % P % p %

P % P % P % P %

oc
TSW
HC
FP
PM
PH
HD

0.344 57.9 0.107 21.2
0.100 16.8 0.321 63.4
-0.126 21.2 0.038 7.5
-0.006 0.9 0.026 5.0
0.010 1.6 0.002 0.4
0.005 0.9 0.009 1.7
-0.004 0.7 -0.004 0.8

0.188 38.4
0.053 10.8
0.230 46.9
0.012 2.3
-0.002 0.4
0.003 0.6
-0.003 0.6

0.012 4.0 0.028 12.7 0.0738.1
-0.049 16.8 0.005 2.3 0.12243.9
-0.016 5.4 -0.004 1.9 0.03010.9
-0.165 56.2 -0.068 30.6 -0.012 4.4
0.048 16.1 _0.11651.9 0.007 2.7
0.002 0.6 0.001 0.7__0.0238.1
0.003 1.0 0.000 0.1-0.006 2.0

0.055
0.051
0.026
0.019
-0.001
0.005
-0.025

30.3
27.9
145
10.5

0.3

2.8
13.7
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Table 7: Correlation values of sunflower hybrid2002.

S.Yield OilCont. 1000 SW Flowering Phy Mat Rl&leight Head Diam.
Seed Yield 1.000
Oil Cont 0.080ns 1.000
1000 S W 0.231* -0.067ns 1.000
F. period 0.004ns 0.093ns -0.321** 1.000
Phy. Mat.  0.134** 0.311** -0.076ns 0.730** 1.000
Plant Hght 0.297**  0.027ns 0.129** 0.084ns 0.168*  1.000
Head Dim  0.099* 0.120* 0.226**  -0.030ns 0.085ns  0.118* ano

Table 8: The path (p) coefficients and percentd¥gsn seed yields of hybrids in 2002.

Oil Cont. 1000 SW Flowering Phy Mat Plant Height Head Diam.

P % P % P % P % P % P %
oC 0.050 43.3 -0.003 1.3 0.005 2.0 0.016 6.4 0.001 0.40.006 6.1
TSW -0.013 11.1 _0.19374.8 -0.062 26.0 -0.015 6.1 0.025 8.1 0.044 441
FP -0.005 4.4 0.018 6.8 -0.05%23.1 -0.040 16.5 -0.005 15 0.002 1.7
PM 0.040 34.7 -0.010 3.9 0.095 39.9 0.13834 0.022 7.1 0.011 11.2
PH 0.007 5.8 0.033 127 0.021 8.9 0.042 17.40.253 82.5 0.030 30.3
HD 0.001 0.7 0.002 0.6 0.000 0.1 0.001 2 0. 0001 03 _0.007 6.7
Table 9: Correlation values of sunflower hybrid2003.

S.Yield OilCont. 1000SW Flowering Phy Mat Ri&leight Head Diam.

Seed Yield  1.000
Oil Content  0.037ns 1.000
1000 SWgt 0.055ns -0.126ns 1.000
Flw. Period 0.108ns  -0.059ns  -0.229** 1.000
Phy. Matur.  0.157*  0.250**  -0.158* 0.670* 1.000
PlantHght  0.095ns  -0.233**  0.282**  0.078ns  -0.019ns  1.000
Head Diam. 0.097ns -0.105ns  0.148* -0.012ns -0.013ns  0.300** 1.000

The path coefficient analysis further indicated tihe positive direct effect of OC was masked by
the negative indirect effect of HC in the dry yeavkereas there was positive and direct effect of
some other characteristics including TSW, FP andifPMiny seasons. The direct effect of FP was
also masked mainly by PM especially in the raingrgebut the indirect effect of FP over PM was

not higher like PM’s.

Table 10: The path (p) coefficients and percenté¥ygsn the seed yields of hybrids in 2003.

Qil Cont. 1000 SW Flowering Phy Mat Plant Height Head Diam.

P % P % P % P % p % P %
ocC 0.032 32.1 -0.004 3.4 -0.002 1.4 0.008 45 -0.0085 6.-0.003 3.1
TSW -0.007 7.2 _0.057 48.3 -0.013 9.4 -0.009 5.0 0.016 14.0 0.008 7.8
FP -0.001 1.2 -0.005 40 _0.021149 0.014 7.8 0.002 14 0.000 0.2
PM 0.037 365 -0.023 195 0.098 70.2 0.14815 -0.003 24 -0.002 1.8
PH -0.015 150 0.018 154 0.005 3.6 -0.001 7 0.0.065 56.1 0.019 17.9
HD -0.008 7.9 0.011 9.4 -0.001 0.7 -0.0010.6 0.023 19.6 0.07569.3
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Table 11: Correlation values of sunflower hybrid2004.

S.Yield Oil Cont. 1000 SW Flowering P. Phy MatPlant Height Head Diam.

Seed Yield 1.000
Oil Content 0.148* 1.000
1000 SWgt  0.349**  0.158** 1.000

F. period 0.484**  0.149** -0.224** 1.000

Phy. Mat. 0.098ns 0.043ns  0.041ns 0.104ns 1.000

Plant Height 0.081ns 0.280** -0.168** 0.418** -0.087ns 1.000

Head Diam. 0.043ns -0.040ns -0.015ns -0.027ns -0.161** 0.113* 1.000

Table 12: The path (p) coefficients and percentg@gsn seed yields of hybrids in 2004.

Oil Cont. 1000 SW Flowering P. Phy Maturity Pl&tgight Head Diam.
P % P % P % P % p % P %

OoC 0.014 6.4 0.002 04 0002 03 0.001 0.5 0.0048 0.-0.001 0.5
TSW 0.075 33.7 _0.470 73.8 -0.105 13.2 0.020 15.6 -0.079 165 -0.007 5.6
FP 0.095 43.0 -0.143 224 _ 0.6389.8 0.066 53.1 0.267 55.6 -0.018 14.0
PM 0.001 0.1 0.001 0.1 0.002 0.2 _ 0011H.7 -0001 03 -0002 1.9
PH -0.033 151 0.020 3.2 -0.050 6.2 0.010.3 80.119 24.9 -0.014 10.8
HD -0.003 15 -0.001 0.2 -0.002 0.3 -0.014 .8100.010 2.0 0.08467.2

Table 13: Correlation values of sunflower hybrid2005.

S.Yield OilCont. 1000 SW Flowering PhyMat Riéleight Head Diam.

Seed Yield 1,000

Oil Cont 0,007ns 1,000

1000 SW  0,290**  0,245** 1,000

F. period 0,282**  0,003ns  0,032ns 1,000

Phy. Mat.  0,438* 0,137** 0,021ns  0,362** 1,000

Plant Hght 0,189**  0,027ns  0,096ns  0,242** 0,179** 1,000

Head Dim  0,153** -0,053ns  0,118* 0,022ns 0,123*  0,002ns 0,00

The data further indicated that the positive effeicTSW on seed yield was realized generally
directly both in dry and rainy seasons and TSWthashighest contribution on formating of SY
among Yyield components. TSW was utilized also fthm positive and indirect effects mostly of
PH. Plant height and head diameter were other iboitittg traits on the setting up of SY in the
research. The positive direct effects of TSW, Pld BD established in this study supports the
statements of Kaya and Atakisi (2003), Kayal (2003), Vidhyavathiet al. (2005), Géksoy and
Turan (2007) that breeding for increased SY seenthé most effective method to get higher
sunflower yields.

Table 14: The path (p) coefficients and percentédygsn the seed yields of hybrids in 2005.

Qil Cont. 1000 SW Flowering Phy Mat Plant Height  adeDiam.

P % P % P % P % p % P %
OC -0.116 47.2 -0.028 8.2 0.000 0.1 -0.016 34 -0.003 1.80.006 4.0
TSW 0.072 29.1 _0.293 84.4 0.009 3.3 0.006 1.3 0.028 144 0.034 22.5
FP 0.000 0.1 0.004 1.1_ 0.11540.8 0.042 8.9 0.028 14.3 0.003 1.7
PM 0.053 215 0.008 23 0.140 495_ 03&;.2 0.069 353 0.048 31.1
PH 0.002 0.1 0.006 1.9 0.016 57 0.012.5 2 0.067 34.2 0.000 0.1
HD -0.003 1.3 0.007 21 0.001 05 0.008.6 1 0.000 0.1 _0.06240.5

Conclusion

By comparing the correlation coefficient valuesf independent variables against the seed yield,
significant differences became evident. TSW hadbhl¥ significant association with plant yield.
By partitioning the mutual relationship among theldpendent variables into direct and indirect
effects on yield, it became apparent that TSW, PH BHD were the main characteristics that
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exhibited the highest direct effect on seed yialthbn dry and rainy growing seasons. Therefore,
both these traits seem to be good selection @iterimprove sunflower seed yield.
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SAULESPUKU (Hélianthus annuus L) RAZAS PAZIMJU KOREL ACIJU ANAL IZE

Kaya Y., Evci G., Pekcan V., Gucer T., Durak S., Mmaz M.1.
Saulespku selekcioariem jazina, ka paunes, kuras galvenak nosaka &klu razu, ir
kvantitativas un s ietekng vide, K an vides un paimes mijiedartba. Koreficijas koeficientu
anaize paidz selekcioaram izskaidrot tieds un netiefs ietekmes,adejadi & metode plasi tiek
izmantota selekcijas darbPetijjums veikts, izmantojot razas datus un kacgl anaizesNaciorala
Saulespku petijumu projekta izraginajuma ieklautajiem hibidiem. Projekts notiek Edirne
proving, kura razo 20 % no Turcijas saulegpuprodukcijas. Kopum 2932 saulespw hibridi
tika petiti 118 izneginajumos § pétijuma gaif. Augstraigu hibfidu selekci paZzmei - 1000
graudu svars - bijaiitiskaka noZme. Ziedkopas diametrs un auga garums gan sausoietpinos
augSanas amklos bija rakamie nozmigakie, balstoties uz vierak3&am korekcijas anaizem.

MOLECULAR MARKER-BASED CHARACTERIZATION OF BARLEY P  OWDERY
MILDEW MLO RESISTANCE LOCUS IN EUROPEAN VARIETIES AND BREEDING
LINES

Kokina A.", Legzdina L.?, Berzipa |.?, Bleidere M2, Rashal I* and Rostoks N
'Faculty of Biology, University of Latvia, 4 Kronwdd Blvd., Rga, LV-1586, Latvia , phone: +371
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®State Stende Cereal Breeding Institute, Dizstefdisu raj., Latvia
*Institute of Biology, University of Latvia, Mierars 3, Salaspils, LV-2169, Latvia

Abstract

Powdery mildew is an economically important baridigease, caused by a fungal pathogen
Blumeria (Erysiphg graminis f.sp. hordei While the pathogen is relatively easily contrdlley
fungicides, it may represent a serious threat farlely produced in low input and organic
agriculture. Alternatively, the disease can be miied using resistance genes that are either
specific for certain fungal pathotypes or confesistance to a broad range of pathotypes. Naturally
occurring and induced recessive mutations inMieegene provide race nonspecific resistance that
has been effective against almost all powdery milgathotypes. Théllo gene has been cloned
and several resistance allele have been charaseaizhe DNA sequence level. Here we report the
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identification of a noveinlo allele in a mutant in the cultivar Maja, which regents an amino acid
Gly318 to Arg exchange. Available CAPS (Cleaved Afigal Polymorphic Sequence) and indel
markers formlo-5 mlo-9 and mlo-11alleles were used to screen a selection of Europadey
varieties, as well as Latvian and foreign breedings for the presence afilo resistance. The
results of our study demonstrate the advantagassiofy molecular markers for the selection of
mildew resistant hybrids.

Key words: barley, molecular markeilo gene, Cleaved Amplified Polymorphic Sequences,
CAPS, indel

Introduction

The barley crop was the fourth largest in the woflg production in 2005 (FAO,
http://www.fao.org) with the end uses being mostly food, feed andt praduction. The most
important factors affecting barley production alBotic stresses, such as drought, cold and soil
salinity (Stanca, 2003), as well as biotic stressash as fungal pathogens (Weiketlal, 2003).
The control of pathogens is usually achieved byappglication of fungicides during the growing
season, but such practice has associated costiperad well as often unpredictable effects on
wildlife biodiversity. Moreover, the use of pestles is unacceptable in organic agriculture. The
combination of these factores requires the devedoprof barley varieties that combine high yield
and defined quality parameters with natural diseasistance.

In barley, specific powdery mildew resistance iafeared by several loci of which tila locus is
probably the best studied and the most importaimé. GomplexMla locus is located on the short
arm of the barley chromosome 1H and consists @rs¢ WBS-LRR type disease resistance genes
providing resistance to different fungal pathotyp®¥ei et al, 1999). The locus has been
completely sequenced from the susceptible cultilarex and the resistance alleM$al (Zhou et

al., 2001),Mla6 (Haltermanet al., 2001),Mlal2 (Shenet al, 2003) andMlal3 (Haltermanet al.,
2003) have been characterized (Mejlheti@l, 2006). However, gene-for-gene disease resistance
provided byMla genes is relatively rapidly overcome by the evolutof pathogen avirulence
factors (Weibull et al., 2003), thus, race nondpeoesistance genes are desirable.

Naturally occurring and induced recessive mutatiantheMlo locus on the barley chromosome
4H confer race nonspecific resistance against wiofte powdery mildew pathotypes (Jgrgensen,
1992). TheMlo gene has been cloned, multiple resistance alledee been characterized at the
DNA sequence level and molecular markers are adail®r marker-assisted selection (Buschges
et al, 1997; Piffanelliet al., 2004).mlo-mediated resistance comes with a yield penaltyalse of
the necrotic lesions on plant leaves (Wokeral, 1993), thereforenlo-11 allele is often used in
plant breeding as it exhibits a residual productéra functional MLO protein (Piffaneliet al.,
2004). However, many varieties also possessnitte5 and mlo-9 alleles resulting from single
nucleotide mutations in thdlo gene (Buschgest al.,1997).

CAPS (Cleaved Amplified Polymorphic Sequences) merlare PCR-amplified DNA regions that
exhibit polymorphic DNA fragments after digestioitlwrestriction endonucleases (Konieczny and
Ausubel, 1993). In case of cloned genes, the CABfens can be designed based on the DNA
sequence targeting specific DNA polymorphisms #i&r restriction sites. CAPS markers are
available for mlo-5 and mlo-9 alleles since mutations destroy tlieoRY and Hhal sites,
respectively (Schulze-Lefeet al.,1998). In addition to the CAPS marker, a SNaP@lssay has
been reported for thmlo-9 allele (Ovesnaet al., 2003). The naturally occurringplo-11 allele is
caused by a complex sequence duplication oMieeocus, therefore detection of thdo-11allele

is based on the genotyping of closely linked I&6ffanelli et al.,2004; Tacconeét al,, 2006).

In this study we used molecular markers to charist resistance alleles at th#o locus in a
selection of European barley varieties and breelilneg, and we also sequenced a noviel allele.
Molecular markers flanking th#lo gene and targeting the induced mutations coulddssl to
determine the presence and segregationlof5 mlo-9andmlo-11alleles in hybrids.
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Materials and Methods

DNA from 44 European barley varieties and 15 Latsidbreeding lines (Table 1) was extracted
from a single barley plant using a modified procedoy (Edward®t al, 1991). Plant tissue was
collected either from a field-grown plant or a degpgerminated on Petri dish in the laboratory.
Seeds were obtained from the State Priekuli Plaeeding institute and State Stende Cereal
Breeding institute. DNA extractions from barley higblines were performed from a combined
tissue sample originating from five plants. The déiv resistant barley mutant line 792-9
previously characterized as allelicrtdo (I. Rashal, unpublishedyyas obtained from the Institute
of Biology, University of Latvia. A single mutantlamt was used for DNA extractions and
sequence analysis.

PCR was performed in a 20 1 reaction consistingaof50 ng DNA, 10 M primers, 1 X reaction
buffer (Fermentas, Vilnius, Lithuania), 2.5 mM MgQ0.2 mM dNTPs and 1 u of Hot Staraq
polymerase (Fermentas, Vilnius, Lithuania). PCRmers and conditions fomlo-11 allele are
described (Piffanelli et al., 2004). Barley CAPSrkeas formlo-5andmlo-9alleles are described
(Schulze-Lefert et al, 1998), except that the primers Y14573 F02 (5'-
CGCCAGCAAACCAGACACAC-3’) and Y14573_RO01 (5-TTCCATREGACGGACACGA-3)
were used to amplify a 321 bp fragment. Digestiatth wnzymesHhal and EcoR32I (Fermentas,
Vilnius, Lithuania) was done according to manufagetis recommendations. Restriction digests
were analyzed on 1.5% wi/v agarose gels (Fermevitass, Lithuania).

Primers for PCR amplification and the sequencingheMlo coding region were from (Mejlhede
et al.,2006). Sequencing was done using BigDye 3.1. teatar mix (Applied Biosystems, Foster
City, CA, USA) on an ABI3730 sequencer accordinght® manufacturer's recommendations. Base
calling and the sequence assembly was done ussnttden software package (Staden, 1996).
The sequence alignment of mutant and wild tiyfle genes was done with Clustal 1.83 software
(Thompsoret al,, 1997).

Results and Discussion

CAPS markers fomlo-5andmlo-9alleles (Figure 1A for their location Mlo gene) and an indel
marker for themlo-11allele (Piffanelliet al, 2004) were used to screen a selection of Europea
barley varieties and breeding lines (Table 1) foe presence ofmlo resistance alleles. We
identified one variety with thenlo-5 allele, two varieties witimlo-9 alleles and five varieties with
themlo-11lallele (Table 1) based on DNA fragment sizes iarage gels. In addition, two Latvian
breeding lines appeared to camjo-11 The same markers were used to screen severalybarl
hybrid lines (Figure 1B). Homozygouslo-9 and mlo-11 alleles were detected in several hybrid
lines, however, some hybrids showedni-9Mlo and mlo-11¥Mlo restriction fragment pattern
(Figure 1B, lanes 2 and 9, respectively). Becaasé aybrid line was represented by a pool of five
plants, we could not distinguish between heteroaggadants and heterogeneous pools (Figure 1B),
but it was a clear indication that the line wall ségregating fomlo resistance. Registered Latvian
barley varieties are known to B#lo wild type, therefore introgression ailo alleles in locally
adapted germplasm could be beneficial for traditioand organic barley growers in Latvia.
Application of themlo molecular markers (Buschges et al., 1997; Piffam¢|H., 2004; Schulze-
Lefert et al, 1998) for barley breeding have the potentiafatgilitate the identification ofnlo
resistant progeny in crosses, in particular in pnesence of other powdery mildew resistance
genes, e.gMla.

Table 1.Molecular marker-based assessmenhlufalleles in a set of barley accessions

Country of Length of a PCR product or restriction fragmerase Detected
Accession origin pairs for each marker allele?
mlo-5Eca32l mlo-9 Hhad mlo-11 {ndel®)
Alamo CA 321 bp 195, 77, 49 bp 470 bp wt Mlo
Alexis DE 321 bp 272,49 bp 470 bp mlo-9
Ametist Ccz 321 bp 195, 77,49 bp 470 bp wt Mlo
Annabell DE 321 bp 195, 77, 49 bp 470 bp wt Mlo
Anni EE 321 bp 195, 77, 49 bp 470 bp wt Mlo
Ballistu FR 321 bp 195, 77,49 bp 470 bp wt Mlo
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Barke DE 321 bp 272,49 bp 470 bp mlo-9
Beatrice FR 321 bp 195, 77,49 bp 470 bp wt Mlo
Dziugiai LT 321 bp 195, 77,49 bp 470 bp wt Mlo
Effendi NL 321 bp 195, 77,49 bp 470 bp wt Mlo
Emir NL 321 bp 195, 77,49 bp 470 bp wt Mlo
Fager NO 218, 103 bp 195, 77,49 bp 470 bp mlo-5
Fibar CA 321 bp 195, 77, 49 bp 470 bp wt Mlo
Fink DE 321 bp 195, 77, 49 bp 470 bp wt Mlo
Fontana FR 321 bp 195, 77, 49 bp 530 bp mlo-11
Forace IT 321 bp 195, 77, 49 bp 470 bp wt Mlo
Fredrikson us 321 bp 195, 77, 49 bp 470 bp wt Mlo
Freedom CA 321 bp 195, 77,49 bp 470 bp wt Mlo
Golf UK 321 bp 195, 77, 49 bp 470 bp wt Mlo
Hellana AT 321 bp 195, 77,49 bp 470 bp wt Mlo
Heris Ccz 321 bp 195, 77, 49 bp 530 bp mlo-11
Hily SE 321 bp 195, 77,49 bp 470 bp wt Mlo
Hiproly DK 321 bp 195, 77, 49 bp 470 bp wt Mlo
Hockey UK 321 bp 195, 77, 49 bp 470 bp wt Mlo
Ivana FI 321 bp 195, 77,49 bp 470 bp wt Mlo
Jaspis Cz 321 bp 195, 77, 49 bp 470 bp wt Mlo
Jet ET 321 bp 195, 77,49 bp 470 bp wt Mlo
Justina DE 321 bp 195, 77,49 bp 530 bp mlo-11
Karat Ccz 321 bp 195, 77,49 bp 470 bp wt Mlo
Keti DK 321 bp 195, 77, 49 bp 470 bp wt Mlo
Klaxon UK 321 bp 195, 77,49 bp 470 bp wt Mlo
Kompakt SK 321 bp 195, 77, 49 bp 470 bp wt Mlo
Lawina DE 321 bp 195, 77,49 bp 470 bp wt Mlo
Lysimax DK 321 bp 195, 77, 49 bp 530 bp mlo-11
Magda NL 321 bp 195, 77,49 bp 530 bp mlo-11
Merlin us 321 bp 195, 77, 49 bp 470 bp wt Mlo
Peggy DE 321 bp 195, 77,49 bp 470 bp wt Mlo
Prosa AT 321 bp 195, 77, 49 bp 470 bp wt Mlo
Rattan CA 321 bp 195, 77, 49 bp 470 bp wt Mlo
Rupal SE 321 bp 195, 77,49 bp 470 bp wt Mlo
Samson CA 321 bp 195, 77, 49 bp 470 bp wt Mlo
Steffi DE 321 bp 195, 77, 49 bp 470 bp wt Mlo
Wanubet us 321 bp 195, 77, 49 bp 470 bp wt Mlo
Washonubet us 321 bp 195, 77,49 bp 470 bp wt Mlo
L-3118 LV 321 bp 195, 77,49 bp 530 bp mlo-11
PR-2797 LV 321 bp 195, 77,49 bp 470 bp wt Mlo
PR-3005 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3282 LV 321 bp 195, 77,49 bp 470 bp wt Mlo
PR-3297 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3335 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3345 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3348 LV 321 bp 195, 77,49 bp 470 bp wt Mlo
PR-3351 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3353 LV 321 bp 195, 77,49 bp 470 bp wt Mlo
PR-3455 LV 321 bp 195, 77, 49 bp 530 bp mlo-11
PR-3487 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3520 LV 321 bp 195, 77,49 bp 470 bp wt Mlo
PR-3522 LV 321 bp 195, 77, 49 bp 470 bp wt Mlo
PR-3524 LV 321 bp 195, 77,49 bp 470 bp wt Mlo

! Length of PCR amplicons and restriction fragmésifsredicted from the known sequence offHe locus.
2wt Mlo — wild typeMlo allele.
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%indel — PCR fragment length polymorphism causedrbinsertion of transposable element (Piffaneily e

al., 2004).

While mlo-5 mlo-9 and mlo-11 alleles are mostly wused in plant breeding
(http://www.crpmb.org/mlg/ there is still a need for the characterizatidgnadditional mutant
alleles both for the understanding of & function in plants and as a material for breediftee
complete coding sequence of th#o gene from the 792¢9mutant and the variety Maja was
obtained and used to identify the cause of mutatforsingle base exchange at position 2004
relative to the ATG codon was identified as theyddifference between the mutant 792a&d the
vXId type variety Maja (Figure 1A).

B
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Figure 1 Molecular markers for thenlo alleles

A Structure of théllo gene with thenlo-5andmlo-9mutations indicated. A G to A transition in thé"10
exon is a novel mutation identified in the varidtgja. Boxes represent exons; filled boxes represeding
regions, open boxes represent 5’- and 3’-untraedleggionsB Molecular marker-based detectionnolo-9
andmlo-11alleles in barley hybrids. Lanes 1 — 4 — four hghimes analyzed with thalo-9 CAPS marker
(Schulze-Leferet al, 1998); lane 5 — MW marker; lanes 6 — 9 — theeséour hybrid lines analyzed with the
mlo-11lindel marker (Piffanellet al, 2004).

The mutation caused the amino acid Gly to Arg emgkaat position 318 of the MLO protein, a
position that has also been mutated inrthe-27 allele (Gly to Glu) (Piffanellet al.,2002). Thus,
the predicted Gly to Arg exchange was likely to fesponsible for the observed resistance
phenotype and further confirmed the functional Sigance of this amino acid residue.

Powdery mildew is still one of the most damagingldadiseases in Europe regnising extensive
use of pesticides. The exploitation of natural ptiisease resistance provides a sustainable solutio
for pest control, however, breeding for diseasestasce is often complicated because of difficulty
of carrying out field phenotyping tests and thekdige drag of undesired traits with resistance
genes. Molecular markers have the potential tdifaig plant breeding by the enabling one to carry
out selection at seedling stage based on molemaaker genotypes and thus avoiding time- and
labor-intensive field tests (Varshney al, 2005). Molecular markers also provide the opputy

to screen a large number of progeny to selecthirrare recombinants that uncouple the resistance
from closely linked deleterious alleles (Thoneasl.,1998).
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MOLEKUL ARO MARKIERU PIELIETOJUMS MILTRASAS IZTUR IBAS LOKUSA

MLO RAKSTUROJUMAM EIROPAS MIEZU S KIRNES UN SELEKCIJAS LINIJAS

Kokina A, Legzdina L, Berzina |, Bleidere M, Rashal | un Rostoks N.

Miltrasa ir plasSi izplata mieZzu slirba, ko izraisa mikroskopigksene Blumeria (Erysiphg
graminisf.sp. hordei Slintbu var kontradt izmantojot pestiitius, t&u to pielietoSana paaugstina
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razoSanas izmaksas un navpemmama biolgiskaja lauksaimnietba. Mieziem pierit dabisk

izturiba pret miltrasu, ko nosaka vakir genoma rajoni, no kuriem sygikie ir Mlo un Mla lokusi.

Dabiskas vai indutas recesvas muicijasMlo lokusa nodroSina plasSa spektra iZtou pret gande

visiem ziramajiem miltrasas patotipienMlo gens ir klorgts un vaigkas muicijas gna DNS
sekveng, kas pieRir slimibu iztufbu, ir ziramas. Mes raksturgim jaunumlo alléli mutang, kas
iegits no %irnes Maja, kug notikusi aminoskbes Gly nomaia par Arg 318 paezija. Lai

raksturotumlo miltrasas iztuibu Eiropas miezuk&nés, ka an Latvijas unarzemju selekcijas
lTnijas, tika izmantoti CAPS mkieri mlo-5 mlo-9 unmlo-11allelem. leditie rezuleti apstiprina
molekukro makieru pielietojuma perspeki pret miltrasu iztugu mieZu hibidu selekcij.

A COMPARISION OF THE YIELD AND QUALITY TRAITS OF WI  NTER AND SPRING
WHEAT

Koppel, R., Ingver, A.
Jogeva Plant Breeding Institute, Aamisepa 1, J6gtak, Estonia, 48 309, phone +372 77 66
901, e-mailreine@jpbi.ee

Abstract

Traditionally winter wheat is known by its highael potential and spring wheat by better baking
quality. In this investigation we studied how yieddd quality traits of spring and winter wheat

differed at the J6geva PBI trials during 2004-200ield and 1000 kernel weight of winter wheat

exceeded spring wheat every year. Spring wheahiggmér protein and gluten content and volume
weight. There was no clear trend for the fallingntver and gluten index.

According to variance analyses, the value of yaid 1000 kernel weight were determined by the
wheat type (spring or winter) but other charactiedswere more affected by the weather
conditions of a particular year. The effect of theather conditions for the year was greater for
yield, 1000 kernel weight, protein and gluten catteread loaf volume and dough stability for the
both types of wheat. For falling number the infloerof the year was greater than that of the
variety of spring wheat and the influence was reddsr winter wheat. Volume weight depended
more on the weather for spring wheat and on thietyafior winter wheat.

Key words: spring wheat, winter wheat, quality, yield

Introduction

The climatic conditions in Estonia are suitable daltivation of the both wheat types — spring and
winter wheat. The acreage of wheat cultivationdwadarged from 78 to 102 thousand ha during the
last 4 years (2004-2007). The acreage share okmvtteat is 1/3 smaller than that of spring wheat
(but has a tendency to increase). Traditionallyterimvheat is known for its higher yield potential
and spring wheat for its better baking quality (8sen, 2006; Baker and Townley-Smith, 1986).
Yield and quality potential is largely determineg the variety, but the extent to which this
potential is achieved depends upon factors suseasonal weather conditions. Higher grain yields
are usually associated with lower protein concéioingTermaret al, 1969, Blackman and Payne,
1987). The protein is a primary quality componehtereal grains. The protegoncentration is
influenced by both environmental and genotypitors that are difficult to separate (Fowdtral,
1990) The protein content of wheat grains can vary fré¥a @ to as much as 25%, depending
upon the growing conditions (Blackman and Payn&y7)19Termaret al. (1969) noted that protein
content variedmore widely among locations than among varietiesthat growing location.
Differences among cultivars tended to be greaiader optimum growth conditions (Terman,
1979). Protein content and protein quality haventaso shown to be significant for baking quality
(Johanson and Svensson, 1998). Frederiesaml (1997, 1998) found that protein content was
positively correlated with wet gluten content, fegram dough stability and bread loaf volume.
The great majority of wheat products are advera#figcted by alfa-amylase. The activity of alfa-
amylase can be described by the falling number Kigh levels of alfa-amylase activity in the
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grain may be due to naturally high endogenous $ewkthe enzyme, or to premature germination
causing alfa-amylase to be synthesized de novakBian and Payne, 1987).

Kernel weight, usually expressed in grams per I#@els, is a function of kernel size and kernel
density. Big wheat kernels usually have a highto & endosperm to nonendosperm components.
1000 kernel weight can be used as a reliable goigeedict flour yield.

One of the most used criteria of wheat quality idumne weight. Volume weight is a good
indication of the density and soundness of the wheary low volume weight is normally
associated, not with cultivar characteristics, with sub-optimum growing and harvest conditions
that cause shrinkage and shrivelling and subsedpenbf grade (Tipples, 1986).

The goal of this work was the comparison of yiehdl guality characteristics and variation the of
these traits in spring and winter wheat; the comspar of the influence of wheat type and
environment (growing year) on these traits; the garson of the influence of genotype and
environment separately on spring and winter wheatacteristics; to find out correlations between
the various characteristics.

Materials and Methods

Fifteen wheat varieties from the Estonian Varieist land the J6geva PBI collection trial of winter
wheat (WW) and fourteen varieties of spring wheaVj were tested. The WW varieties were
Ada, Bill, Ballad, Bjorke, Compliment, Gunbo, Kortae Lars, Portal, Ramiro, Residence, Sani,
Sirvinta 1, Tarso and Urho and SW varieties Balddslle, Mahti, Manu, Meri, Mooni, Munk,
Satu, SW Estrad, Zebra, Tjalve, Trappe, Triso, &injVarieties were grown on 9 m2 plots with
three replications. The level of fertilizer was B Bg ha'. Yield (Y), 1000 kernel weight (TKW)
and volume weight (VW) was calculated as an averdghiree replications. Protein and gluten
content the gluten index and falling number, doagtbility time and bread volume was tested in
one replication per variety by each year. Data tlbdough stability time and bread loaf volume
were obtained from the years 2004-2006, other fiana 2004-2007.

Protein content (PC) was determined by Kjeldahl method. Wet gluten content (WGC) and
gluten index (Gl) were determined by the ICC staddmethod 137, 155 and 158 using the
Glutomatic 2200 instrument. The falling number (s determined by the ICC standard method
107/1. The farinogram test was conducted usingl@@ standard method 115. By farinogram
farinograph dough stability time (DST) was measuiaking tests on 2509 of flour according to
the long fermentation process were carried out H®y method of the Finnish State Granary
(Suomen Valtion Viljavarasto Koeleivontamenetelm®96). Bread volume was analysed by
measuring the displacement of canola seeds.

Statistical analyses were performed using the Aagel software package. Data were analysed by
the analyses of variance and for correlations theaBnan Rank Correlation was used. The
analyses of variance and the estimates of the coeme of variance (determination coefficient)
due to wheat type (spring and winterf Renvironment (growing year)sRand genotype & were
calculated and was expressed as % of the totan@ai The least significant differences (L4
among mean values were calculated. Stability aralg$ genotypes and quality parameters were
based on a coefficient of variation (CV).

Results and Discussion

The grain yield of WW was higher compared to SWrewyear. The four years average was more
than 2 t ha higher (Table 1). The variations of yield were $&miThe highest yielding among SW
and WW were respectively the varieties Trappe (BJapha’) and Ballad (7,242 kg Ha (data not
shown here). Y was more influenced by the wheat tijan the growing year — the variation of this
factor was 43.4 % from the total variation of yi€lthble 2). The yield potential of autumn-sown
cereal crops is considerably higher than that dhgpsown crops. A crop stand already established
in spring is able to respond immediately to risiemperatures and increased of solar radiation; by
contrast, since a spring crop cannot be sown timdile are suitable soil conditions, part of the
growing season is lost (Hay and Porter, 2004). €oning the types; the Y of both types was
significantly influenced by the climatic condition$ the year (Tables 3 and 4). The influence on
the variety was bigger for SW, the effect of GXE WéW. The grain yield of a cereal crop can be
split into three major components: ear populatiemsity, ear size and individual grain weight
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(measured as TKW). The four years average TKW of W&¥ 9.4 g bigger than that of SW. The
variation of kernel size was higher for SW. Thegaigt kernels among the SW varieties belonged
to Triso, Zebra and Munk (35.4 g) and WW varietwiita 1(48.6 g). The mean grain weight is
determined primarily by the quantity of assimilagsilable for transport to the ear between
anthesis and maturity. This depends upon the glesharea duration after anthesis and the
photosynthetic activity of the ear. The period framthesis to maturity was 37-56 days for WwW
and 41-49 days for SW during 2004-2007. The TKW\MMW was bigger than that of SW even in
the year when the grain filling period was shor@&milarly to factors influencing Y, the wheat
type had a bigger effect than the year also onélesize - the variation of this factor was 49.5%
from the total variation of TKW. For the kernel sinf SW the influence of the year was more
important (R” = 70.6) than for WW where the effect of the twotfms was distributed more
equally (R*= 43.2 R*= 35.4). The TKW of both types was positively ctated with VW (SW:
r=0.78***, WW: r=0.22**; data of correlations areohshown in the tables).

Table 1. Average data of winter wheat and springativarieties from 2004-2007

Y, TKW, VW, PC, WGC, Gl, FN, LvV® DST,
kg ha' g gl gkd' gkd® % sec cm®  min

SW 4438 327 775 146 329 66 281 1,342 88
cV° (%) 202 151 49 129 171 293 347 82  63.0

WW 6,523 42.1 761 116 252 62 283 1,320 4.7
CV (%) 21.4 10.9 3.5 20.1 31 319 273 122 87.7

LSDg 05 167.8 0.55 3.9 2.7 0.94 4.6 18.7 30.8 1.2

WW — winter wheat, SW — spring wheat,, Y — yiel&KW — thousand kernel weight, VW — volume weight,
PC — protein content, WGC — wet gluten content-@luten index, FN — falling number, LV — breadfloa
volume, DST — dough stability tim&pata of 2004-2008" CV=coefficient of variation

Table 2. Analyses of traits variance. Componentvasfation due to environment -year R
wheat type (FF), type by year (Re?) and residuals in percentage of the total sungyoase

Source Y TKW VW PC WGC Gl FN LV DST®
of
variation

Environ. 6.1} 25.4+  20.2%x 43,5 42,1 22,2+  36.8%  39.3* 46,0
Type 434  49.5* 45 325 244+ 0.8ns 0.1ns 0.7ns 1545
Type by 13.9% 3.4+ 32.0  13.0*  19.0+*  20.3** 15.8+ 248+ 0.0
environ.

Residual 36.6 21.7 43.4 11.0 14.5 56.7 47.0 35.2 38.9

R 0.63 0.78 0.57 0.89 0.86 0.43 0.53 0.65 0.61

ns=non-significant; *** ** * significant atP < 0.001; 0.01 and 0.05 respectively.

WW — winter wheat, SW — spring wheat, Y — yield, Wk- thousand kernel weight, VW — volume weight,
PC — protein content, WGC — wet gluten content~@jluten index, FN — falling number, LV — breadfloa
volume, DST - dough stability tim&gata of 2004-2006.

Table 3. Analyses of variance traits in spring vih€amponents of variation due to environment -
year (R, genotype (&), genotype x year (B<) and residual in percentage of the total sum of
square.

Source of Y TKW VW PC WGC Gl FN L\ DST
variation

Environ. 36.6~  70.6%  77.8x 747+  66.8*  41.9* 61.9%  40.4* 53.8*
Genotype 244+ 271 2 8.6+ 20.6%*  26.9% 45,6+  20.1+* 24.7ns  24.0ns

Genotype 14.F 5.3 7.9 NA NA NA NA NA NA

by env.

Residual  24.9 2.9 5.7 4.6 6.3 12.5 18.0 34.9 22.2
R® 0.75 0.97 0,94 0.95 0.94 0.87 0.82 0.65 0.78
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ns=non-significant; ***** * significant atP° < 0.001; 0.01 and 0.05 respectively.

NA — data not available, Y — yield, TKW — thousaketnel weight, VW — volume weight, PC — protein
content, WGC — wet gluten content, Gl — gluten iydeN — falling number, LV — bread loaf volume, DST
dough stability time? data of 2004-2006;

Table 4. Analyses of variance traits in winter wh&mponents of variation due to environment -
year (R?), genotype (&), genotype x year (R and residual in percentage of the total sum of
square.

Source of Y TKW VW PC WGC Gl FN LV DST
variation

Environ. 34.9 432+ 13.6* 88.77* 87.2%* 43.6"* 39.6"* 74.0%* 54.1*%*
Genotype 6.2 35.4+  BB.7¥* 5.4%* 6.7** 27.5*  40.4** 18.2®* 24.8ns

Genotype 37.9*  16.4** 15.0** NA NA NA NA NA NA

by env.

Residual  21.0 5.0 12.7 5.9 6.1 28.9 20.1 7.1 21.1
R*? 0.79 0.95 0.87 0.94 0.94 0.71 0.80 0.93 0.79

ns=non-significant; ***** * significant atP° < 0.001; 0.01 and 0.05 respectively.

NA — data not available, Y — yield, TKW — thousaketfnel weight, VW — volume weight, PC — protein
content, WGC — wet gluten content, Gl — gluten igdeN — falling number, LV — bread loaf volume, DST
dough stability time? data of 2004-2006

According to Chung (2003) there was no signifiadifference between the mean VW for WW and
SW when these were cultivated under the same emagatal conditions without effect of
different. According to Monsalve-Conzales and Pame, (1993) over-wintering increased the
test weight when the tested wheat was facultatireatywhich was sown in the winter and in the
spring after verbalization. The average VW of SWsvi4 g T higher in our study. The CV was
higher for SW. The highest average VW were founthi:m SW varieties Satu (795 ¢ land the
WW variety Ada (801 g). The wheat type factor explained only 4.5 % frimal sum of square.
The; effect of genotype was low for SW{R=8.6***) but highest than any other factor for WW
(Rg"= 58.7***),

The average amylolytic activity, which was measuwsd-N for both wheat types was similar (SW:
281 sec, WW: 283 sec). More variable were the Sv\étras. The variation was greater in the year
with a lower average FN (data not shown). The higié had SW variety Mooni (408 sec) and
WW Tarso (401 sec). The effect of the climatic ddads was stronger than the influence of type.
The effect of the climatic conditions on SW wag&ar For WW the effect of year and genotype
were similar.

Research has demonstrated that there is a straivpacorrelation between protein content and
bread volume, and that the baking quality of spritngat is directly related to protein content and
wet gluten (Hanell, 2004). In this investigatiore thverage PC of SW was 30 g'Kgigher than
WW. The highest protein content was found in théyeBW variety Manu by 161 g Kgand WW
Ada by 126 g kg. The PC is positively correlated with WGC (Fredsonet al 1997; 1998),
which is strongly influenced by the growing envinoent (Grausgrubeet al 2000). The
correlation between protein and gluten content pastive for both types of wheat and stronger
for SW (SW: r =0.96***; WW: r =0.97***) in our invetigation. The four years average WGC of
SW was 329 and 252 g kdor WW. The variety Helle (SW) produced the highegerage gluten
content in the period of 2004-2007 (378 g'kgompared to the best from among the WW, the
variety Sirvinta 1 by 280 g Kg The cause of this kind of big difference betwtetwo types can
be explained by two extremely unfavourable yea@®%2and 2007) for the accumulation of protein
for WW. In 2005 the average gluten content of WWswaly 142 g kg compared to 309 g Kgfor
SW. Two years later the situation was as follov@84 for WW and 331 g kgfor SW. The most
favourable year for protein and gluten concentratias 2006, when WW ranged between 281-380
g kg' and SW 351-479 g Kg According to Johannson and Svensson (1988) thesirce of the
mean temperature and rainfall on protein contemtaarer for spring wheat. In our investigation
the influence of the environment was greater for \Wifiation of PC and WGC was higher for
WW varieties. For both protein and gluten contém, main influence was the climatic effect (PC:
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Re” = 43.5**;, WGC: Re® =42.1***) and of secondary importance was thelsafice of the wheat
type. The effect of climatic conditions was gredten the genotypic impact for both types. The
influence of genotype was especially low for WW.

PC and Y were inversely related. This trend is ¢noadance with other research (Grantal,
1985; Peltonen, 1992; Bly and Woodard, 2003). Taecording to the Spearman Rank Correlation
was —0.41** for WW and —0.54*** for SW. The invezgelationship between yield and protein
may be partly due to the effect of the dilutionNof As grain yield increases, a limited amount of
protein is diluted within the greater mass of grain

One measurement to express protein and glutentyjabkracter is Gl. Protein quality is much less
affected by the environment and is mainly gendiicabntrolled (Blackman and Payne, 1987).
There was no significant difference of the aver&jdetween WW and SW. The variation of this
trait was also similar for two wheat types. Theraswo significant influence of wheat type. For
SW the effect of the environment and genotype \seralar (R =41.9** Rg? =45.9***) but for
WW the influence of the envioronment was greatanthenotype (B =43.6***; Rg® =27.5**).

There wasn’t a significant difference between thé df WW and SW. From the WW varieties
Compliment had the highest average LV (1466)ashall the tested varieties. The second highest
was the LV of the SW variety Meri (1440 &mThe CV was higher for WW. Over the years type
interaction had a significant influence on the LMto influence of type. The main factor
influencing the LV of WW the years (R=74.7 ***). For SW the influence of the year wasvier
and the effect of the genotype even of no significdohansson and Svensson (1998) found that the
correlation between PC and LV is not significanSiw material with large differences in protein
quality. Other researches have demonstrated thet th a strong positive correlation between PC
and bread volume, and that the baking quality of iSWirectly related to PC and WGC (Hanell,
2004). Variations in LV resulted mainly from theagptitative effects of gluten proteins (Chueig
al., 2003). According to Petersat al. (1998) for many baking parameters, variation laited to
environmental effects was of greater magnitude foanhe genotype of WW and correlations of
protein components with baking parameters werergéwdow. According to Wieser and Kieffer
(1999) bread volume was influenced more by the amaod@ gluten proteins than by the total
amount of protein. In our investigation WW had sgopositive correlation of LV with PC
(r=0.74***y and WGC (r=and 0.72***). Surprisingljhere was no correlation between the LV and
protein and gluten characteristics of SW.

Four years the average DST of SW was higher thatnofhWww (SW: 8.8 min, WW: 4.7 min). The
variation of this trait was high (CV 63-88%). Thefluence of the year was greater than the
influence of type for DST (R =46.0***; R;* =15.5***), but also the residual part was quitghi
For WW and SW the effect of the genotype wasn’hificant, the effect of the year was’R
=53.8** and R? =54.1*** respectively. There were positive relatihips between DST- PC and
DST-WGC for both types of wheat (SW: r=0.75***, r88*** respectively; WW r=0.90***
r=0.82*** respectively). A strong positive correla between LV and DST was found only for
WW (r=0.69***).

Conclusion

The results, based on the data of the 15 WW ar8Mi4/arieties during 2004-2007 indicated, that
WW had higher yield potential and bigger kernelsl@amEstonian conditions. Quality data were
better for SW: higher volume weight, protein anditgh content. But there were not found
significant differences between the gluten inded #me falling number between the two wheat
types. Although the bred loaf volume was biggerSuy, the difference wasn't significant. Dough

stability was better for SW.

The value of the yield and 1000 kernel weight wdetermined by the wheat type but other
characteristics were more affected by the envirantrfyear). If the two wheat types are compared
separately, yield and kernel size were determinedhb environment for both types of wheat.

Volume weight was influenced by the genotype for Viidd by the year for SW. The influence of
the year was greater for the bread loaf volume douph stability of WW. The most important

measuremont of bread quality may be considerecetthé final loaf volume. It was predictable

better by the protein and gluten content and glutdax of WW there wasn't a correlation of SW
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between these traits. But there were positive @&rmhg correlations between dough stability and
protein and gluten content for both types of wheat.
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ZIEMAS UN VASARAS KVIESU RAZAS UN KVALIT ATES PAZIMJU
SALIDZIN AJUMS

Koppel, R., Ingver, A.

Ziemas kviesi tradiciaili ir pazistami ar augaku raZas potengiu un vasaras kvieSi — ar @Edam
maizes ceparpadbam. Saj petijuma tika parbaudts, ki atiras ziemas un vasaras kvieSu razas
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un kvalitites pammes Jogevas Augu Selekcijas inghtizmeginajumos lailkk no 2004.1dz 2007.
gadam. Ziemas kvieSu raZza un 1000 graudu masaipdza vasaras kvieSaditajus katru gadu.
Vasaras kvieSiem bija augks proténa saturs un tiljpummasa. Graudu raza un 1000 granacia
bija atkargas no kvieSu sezala tipa, bet citas pames vaiik ieteknt€ja attieGgo gadu
meteorolgiskie apsikli. Gada ietekme abiem kvieSu tipiem bija dled uz razu, 1000 graudu
masu, protma un lipeka saturu, maizes kulal apjomu un nklas stabilifti. Gada ietekme uz
kriSanas skaitli vasaras kvieSiem bijadiel nek &irnes ietekme, bet ziemas kvieSiem —adir
Tilpummasa vasaras kvieSiem bija G&iatkafga no gada, bet ziemas kvieSiem - kiongs.

SELECTION CRITERIA IN TRITICALE BREEDING FOR ORGANI C FARMING

Kronberga A.
State Priekuli Plant Breeding Institute, ZinatnesXa, Priekuli, Cesis distr., Latvia, LV-4126,
phone +371 4130162, e-madktakron@navigator.lv

Abstract

For creating varieties suitable for organic farmingpecial breeding programme has been started in
Priekuli Plant Breeding Institute. The evaluatidririicale genotypes in organic farming was done
in Priekuli during 2005 - 2007. The aims of resbaare:

Estimating possibility for selecting genotypes dasie for organic farming in conventional fields.
To find desired traits for the organic triticaleriegies breeding programme.

There were included 25 different winter triticald iticosecale Wittm) breeding lines in our trials,
selected from the conventional breeding programie different traits were tested for each
genotype. The influence of different traits on giand grain quality was analyzed. Every year the
best 25 different triticale breeding lines from thryanic and conventional growing conditions
were compared.

The results showed that different breeding linexcted differently to growing conditions. It is
possible to select genotypes suitable for organitditions in the conventional field. To select
genotypes with better stability of the traits (esply in the years with unfavorable weather
conditions) and suitability for organic farming,lesed breeding lines must be tested in organic
growing conditions.

For organic farming only genotypes with good wihtediness and resistance to snow mould
should be selected.

Triticale genotypes with different plant heightogith habit, leaf size would be suitable for organic
growing conditions.

Key words: triticale, organic breeding, trait

Introduction

For the further development of organic agricultunere attention is being focused on the creation
of better adapted varieties. As organic conditiaresless controllable and more variable, breeding
should be aimed on improved yield stability anddoret quality by being adapted to organic soil
fertility, sustainable weed, pest and disease nemagt (Lammerts van Bueren., 2002; Lammerts
van Buereret al, 2007). Therefore the traits required for the etdes in organic and conventional
farming differ. Some breeding programmes were edlanh the last years with aim to evaluate
genotypes adaptation to organic agriculture forratteristic traits required in organic farming
systems and to elaborate the selection criteria fiwlitate the breeding of proper varieties for
organic agriculture (Schneidet al, 2007; Legzdina and Skrabule, 2005).

The main objectives in the breeding programmestaeall grains cultivars for organic farming are:
to improve the nutrient efficiency, weed suppressbility (new ideotype of plant), as well as the
resistance to leaf, spike and soil born diseakefficient use of manure, reducing risk of digsas
(long stem, ear high above flag leaf, ear not tompgact, last leaves green for the longest time
possible), reducing risks at harvest, higher sttelerance to abiotic causes (ltad al., 2007,
Legzdina and Skrabule, 2005; Lammerts van Buel@d ;2kopke, 2005; Goyaat al, 2005).
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Long years work experience with the newest smalingrspecies - triticalec(riticosecale Wittn)
shows that this crop is very suitable for growind.atvian agroclimatic conditions. Such traits as
high yield potential, good nutrient efficiency, istance to diseases are advantages for growing
triticale in Latvian organic and conventional figldTriticale breeding for organic farming was
started in Latvia at the same time as in some athantries — for example, Romania, Germany
(Skrabule, 2005; Ittet al, 2007).

The winter triticale breeding programme for orgafaoming was initiated in the State Priekuli
Plant Breeding Institute in 2004. The limited aaflawed for organic agriculture as well as limited
financing will be the bottleneck for the establigmhof specific breeding programmes for organic
farming systems (Lammerts van Buertral, 2002). The financing of a special triticale lufieg
programme for organic farming is problematical at\ia too. Due to this problem the first tasks of
the breeding programme in Priekuli are: 1. Estimgapossibility for selecting genotypes desirable
for organic farming in conventional fields; 2. Deténation of the most important traits for the
selection criteria in plant breeding for organimiang.

Materials and Methods

The investigation was conducted at the State Fri€ant Breeding Institute experimental fields.
The breeding material was evaluated over threesy@®04-2005, 2005-2006 and 2006-2007) in a
randomized block design with 4 replicates, ploesi2.6 . The field was certified as being
organic from 2003. Soil properties: sod-podzolit, soil type —sandy loam, organic matter content
19- g k@', pHkei — 5.9- 6.0, P - 69-111 g RgK - 114-165 g kg, preecrop-peas for green manure.
No agrochemicals and fertilizers were used. Traiaties were sown on 26 September 2005, 14
September 2006 and 16 September 2007. The seatingas 450 germinating seeds pér m

The following field trials were performed:

1. The breeding lines according traits assessmhbittware significant for organic farming (stable
yield, disease resistance a.o.) were selecteckindhventional field and tested in the organiafiel
with the aim to establish the efficiency of the ampz breeding if the first steps are done in
conventional field. Every year the best 25 différgiiicale breeding lines from the organic and
conventional growing conditions were compared. Swibperties in conventional field: sod
podzolic soil, soil type —sandy loam, organic mattentent 19-23 g K§ pHc — 5.9- 6.0, P - 79-
84 g kg', K - 110-160 g kd, preecrop — white clover for seed. Basic fertili¢d:P:K 6:26:30) 300

kg ha', additional fertilizing (N 60+30) as well as haridie, was applied in the conventional field
in every ear of the investigation. The trial vaastin the conventional field were sown on 24
September 2005, 14 September 2006 and 15 Septepffat. The seeding rate was 400
germinating seeds pem

2. With the aim to find the most desirable traiis the triticale organic crop ideotype for Latvian
growing conditions 25 different winter triticaledading lines in the organic field were tested and
about 30 different traits were evaluated: yieldadirg, maturity, winter hardiness, lodging, growth
habit, infection with leaf diseaseSdptoria spp., Puccinia spp., Rhynchosporiumspp. a.s.o),
infection with snow mould Microdochium nivalg weed amount in the plot, grain quality
parameters (1000 kernel weight, protein, starchtesdn volume weight, falling number). Five
plants from every replication were planted and sudhnphological traits as plant height, ear length,
spike density were measured. The importance ofirifleence of different traits on yield and
quality traits (protein content) was tested. Theedation analysis was used to find out the most
acceptable traits for organic crop ideotype ofdaie. Descriptive statistics and correlation ag@ly
were used for analyzing the obtained results.

During the study years, the meteorological condgiavere significantly different. Due to a cold
and dry autumn in 2004 the tillering of tritical@svdelayed. The spring of 2005 was cold and the
vegetation renewed itself comparatively late aritifiection of plants with snow mould was very
strong. Triticale flowering in 2005 was very latefrem 20 of June (about 10 days later than
usually). July was warm and dry, but the beginrohdugust was very rainy — as a result of these
conditions triticale grains sprouted in the ears.

The weather conditions in autumn and winter mor@h&005/2006 were favorable for triticale
tillering and for over wintering. However April wagery cold and the triticale plants began to
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wither away. Snow mould was spread widely. July wasand warm. Such weather conditions
significantly influenced yield — yield level wasaWer than in another years.

Some days of January 2007 had very low air temperdt22.5C), without a mantle of snow on
the soil. These conditions negatively influenceticale overwintering. Vegetation renewed
comparatively early in spring 2007. Triticale flongd earlier than in other years. The weather
conditions in June, July, August was typical fag thatvian climate and the triticale yield level was
high. The weather conditions in 2007 were very falte for leaf disease development - septoria
(Septoria tritic), leaf rust Puccinia recondita f.sp. tritic)ipowder mildew Erysiphe graminis

Results and Discussion

The obtained results show very similar triticalenggypes traits average yield value and their
variance in organic and conventional fields. Tal&cadapted oneself good to conventional and to
organic conditions (Table 1). The mean and maxinyueld of triticale genotypes was slightly
higher in the organic field in the two years of theestigation (2005 and 2007). Only in the year
with unfavorable weather conditions (cold wintedairy and hot summer) the triticale yield in
organic field was lower.

Table 1. Characteristics of triticale genotypeddyie organic and conventional fields

Year Groyving Meq?, Sta.nd.art Coe_ffic_:ient of Minim_LlJm, Maxirr}ijm,
conditions t ha deviation variation, % t ha t ha
2005 Org. field 4.6 0.8 17.0 3.1 6.4
Conv.field 4.3 0.7 16.3 2.5 5.7
2006 Org. field 2.9 0.6 20.6 15 3.8
Conv.field 4.7 0.7 14.8 3.5 5.8
2007 Org. field 5.6 0.8 14.2 4.1 7.6
Conv.field 5.7 0.7 12.2 5.0 7.5

Although many investigations point out that tritek@amples are characterized by a high amount of
crude protein in grains, this was not proved inviaaagroclimatic conditions (Kronberga, 2001),
therefore it is necessary by breeding to increastein content in triticale grains, especially et
organic field where the mean protein content wagefothan in the conventional field (Table 2).
Mean protein level was higher in the organic fiefdy in 2005, nonetheless in all three years in the
organic field maximum protein level in grains wasitar to them on conventional field.

Table 2. Characteristics of protein content (inifdrains in organic and conventional fields

Year Grow_ing I_\/Iean,_ Sta_nd_art Coe_ffi(_:ient of Mi_nimur_n, Ma_lximum,
conditions % in grains deviation variation, % % in grains % in grains
2005 Org. field 11.3 0.8 7.1 9.9 12.9
Conv.field 10.1 0.7 6.9 8.5 11.5
2006 Org. field 13.2 0.7 5.3 12.1 15.3
Conv.field 14.0 0.7 5.0 12.7 15.1
2007 Org. field 10.4 0.8 7.6 9.1 11.7
Conv.field 10.9 0.6 5.5 9.8 11.9

Each year of the testing the genotypes with a kiginch or protein content in the grains, good
winterhardiness, resistance to snow mould, 100@dtexreight and other tested traits were in the
organic field. This verifies that it is possibledelect genotypes in conventional field, which vadoul
have good testing results in the organic field.

Triticale traits were influenced by weather corafis also. So the triticale in the organic field
owerwintered better that in the conventional fiblolwever the yield level in organic field was
lower in 2006. Very hot and dry weather conditiahsing ripening may disturbed effective
utilizing of nutrients in the organic field. Thib®vs the mean and maximum value of 1000 kernel
weight was lower in organic field (Table 3).

The mean protein content in grains in 2006 wasdrighat in the other years of investigation in
both fields due too warm and dry summer, howeveit tvariance in the organic and the
conventional field was very similar. Thereforesitnecessary especially evaluate genotype stability
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in the organic field in the years with unfavorableather conditions with aim the to find genotypes
which have stable trait values in these conditions.

Table 3. Characteristics of triticale genotypes(L@8rnel weight (g) in organic and conventional
fields

. Growing Mean, Standart Coefficient of - .
Trait I L L Minimum, g Maximum, g
conditions g deviation variation, %

2005 Org. field 46.1 3.4 7.3 40.0 52.9
Conv.field 43.0 3.5 8.1 36.8 49.1

2006 Org. field 38.1 2.7 7.1 33.2 43.7
Conv.field 40.8 4.4 10.8 35.6 51.4

2007 Org. field 44.2 3.1 7.0 39.6 51.0
Conv.field 41.6 4.4 10.6 33.1 51.2

Different triticale genotypes varied differently ceeding to their response to organic and
conventional growing conditions. The correlationvwesen yield of the same genotypes in the
organic and conventional field was positive andhidigant only in 2007. This trial year had
suitable weather conditions for winter cereal depeient ($p05=0.0.217<§05=0.396; Boos=-
0.077<p,05=0.396, py0=0.675<p0=0.396). It was possible to select lines with ahkigyield and
grain quality in organic growing conditions. Foraexple, line 9402-32 had lower yield, protein
content in grains, 1000 kernel weight in the orgdi@ld in the all years of investigation (Table 4)
But line 9540-1 was better in organic conditionswéver in 2006, when weather conditions were
unfavorable for triticale growing, the vyield of &§n9540-1 in the organic field decreased
significantly. There were some cultivars that héghhyield performances in both types of testing
conditions (for example, 9405-23).

Table 4. Results of some triticale lines testingriganic and conventional growing conditions

Yield, t ha' Protein, % 1000 kernel weight, g
Genotype Year conv. conv.
org.cond. org.cond. org.cond. conv. cond.
cond. cond.
2005 3.11 4.89 10.8 11.2 49.7 52.3
9402-32 2006 3.22 4.56 12.8 14.6 43.7 48.0
2007 5.89 6.11 10.8 11.4 51.0 49.3
2005 5.49 4.74 111 9.7 42.1 39.3
9540-1 2006 2.73 5.48 131 13.7 34.4 35.6
2007 5.62 5.44 10.4 10.4 42.7 37.1

To find the most desirable traits for organic fargjithe correlation between all the tested traits
and the yield as well as quality traits (proteirpswcalculated. Winterhardiness is one of most
important trait for organic varieties. There wagaaitive and significant correlation between yield

and winterhardiness in all years of the invest@a(iTable 5).

Table 5. Correlation between traits in organicdiel

Traits Year

2005 2006 2007
Yield-winterhardiness 0.504* 0.605** 0.529**
Yield —resistance to snow mould -0.300 -0.655** 645B**
Winterhardiness —resistance to snow mould 0.634** .608** 0.467*
Yield-plant height 0.041 0.063 0.153
Yield-weed amount in the plot -0.639** -0.849** BR3**
Yield-protein content in grains -0.153 -0.086 -@B#5
Leaf area -1000 kernel weight 0.674** 0.104 0.218
Growth habit-weed amount in the plot 0.354 - -0.244

* ** _ significant at the 0.05 and 0.01 probabilievel respectively
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A significant correlation between winterhardinessl aesistance to snow mould in all the years of
the investigations prove, that good resistancaentavamould is one of most important components
of good overwintering of triticale in Latvia. Gegpes with better winterhardiness have a larger
amount of ears on the 1°rand as result — better weed competitiveness angher yield. This
shows that for organic farming only genotypes wgjtod winterhardiness and resistance to snow
mould should be selected.

The obtained results do not prove the necessitsetect for organic farming triticale genotypes
with long stems. There was not found a significemtrelation between yield and plant height
(r2005=0.041<p 0s=0.396; poos=0.063<p 5=0.396, poo=0.153<p5=0.396, n=25). It was observed,
that genotypes with longer stems were less infeaitdleaf diseases, however in our trials there
was a significant negative correlation betweendtda with leaf diseases and plant height only in
the year 2005 {505=-0.409>p45=0.396; byoe=-0.363<p5=0.396, pp;=0.271<p=0.396, n=25).
The obtained results were similar with triticaletieg results in Rumania, with the conclusion, that
both tall and short straw genotypes are betweentgees suitable for organic farming (It al,
2007).

According to the obtained results, the yield wasgignificantly influenced by leaf size or growth
habits. Triticale resistance to diseases decremsétk last years (Arseniugt al, 2006) but the
influence of diseases on the yield was not fourtter& was not a significant correlation between
yield and infection with leaf diseaséSeptoriaspp.,Pucciniaspp.,Rhynchosporiunspp), powder
mildew (Erysiphe graminis Good resistance to these diseases make tritieale suitable as an
organic field cropfor the present, and by selectjagotypes it should not be lost.

There were negative correlation between the yialil @rotein content in the grains; however only
in 2006 this correlation was significant. It indiea possibility to find genotypes with high yield
and protein content in grains.

No stable and significant influence of the testesdts was found on the protein content in the
grains. There was not proved influence of growthithen the weed competitiveness.

The obtained results indicated that it is possibldind triticale genotypes suitable for organic
farming with different traits as plant height, gibwhabit, maturity time, leaf size. However these
genotypes have to be with good winterhardinesgesidtance to snow mould, as well as resistance
to other diseases.

Conclusions

It is possible to select triticale genotypes suédbr organic conditions in the conventional field
However the testing of selected breeding lines Havbe done in organic growing conditions.
Genotypes with better stability traits must be ctele (especially in the years with unfavorable
weather conditions).

For organic farming only genotypes with good wihtediness and resistance to snow mould
should be selected.

Triticale genotypes with different plant heightspgth habits, leaf size would be suitable for
organic growing conditions.
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IZLASES KRIT ERIJI TRITIK ALES SKIRNU SELEKCIJ A BIOLO GISKAJAI
LAUKSAIMNIEC IBAI

Kronberga A.
Priekdu laukaugu selekcijas ingtii uzsikta biolgsiskajai lauksaimnigbai piengrotu irnu
selekcija. Bs sikuma etap tika veikta daZdu tritikales genotipu iz&rtéSana biolgiskaja lauka ar
merkiem:
Novertet, vai iesgjama biol@iskajai lauksaimnigbai piengrotu genotipu izlase konvencigas
selekcijas lauk
Atrast pammes, @c kuam javerte tritikales genotipi, lai nodroSitu to labu piergrotibu
biologiskajai lauksaimniabai.
lzmgginajums veikts tts gadus (no 2005idz 2007.gadam). 25 dadas tritikiles selekcijasihijas
atlagtas konvencioflas selekcijas lauk un iz\ertétas biolgiskaja lauka. Katram genotipam
nowertétas 30 daddas pammes, tai skait aim paZmes, kas tiek uzskdas K noamigas
biologiskajai lauksaimnigbai (auga garums, cera forma u.c.). Bitdta So paunju korekcija ar
razu un kopprot@a saturu graudos. Katru gadu idainati 25 genotipi biolgiskag un
konvencionlaja lauka un noértéta dazdu pazmju varicija atkatba no audzSanas veida.
legatie rezultti liecina, ka da#du genotipu reakcija uz biglskajiem un konvencidiajiem
audzSanas apskliem at&iras. Biolgsiskajai lauksaimniabai piengrotu liniju atlasi iespjams
veikt konvencioalas selekcijas lauk Toner &s linifjas [Ec tam nepiecieSams agpaudt
biologiskaja lauka, lai nowrtétu pazmju stabiliti un atlastu biologiskajai lauksaimnigbai
vispientrotakas.
Pec iznmeginajuma rezulitiem konstaits, ka svagakie izlases Kkritriji, veidojot biologiskajai
lauksaimnietbai piengrotas ziemas tritides %kirnes ir to laba ziemcigda un iztutba pret snhiega
pekjumu. Rtijjuma netika piefidits, ka biol@iskajiem laukiem ir piegroti genotipi tikai ar garu
stiebru un Kijenisku cera formu.

TESTING RESULTS OF THE SPRING BARLEY VARIETY ‘RUBIO LA’

YLegzdipa L., ‘Gaike M., *Gaile Z.,'Berzipa |.
IState Priekuli Plant Breeding Institute, Zinatnesla, Priekuli, Latvia, phone: +371-4130162, e-
mail: lindaleg@navigator.lv
’RSF “Vecauce” of Latvia University of Agriculturékademijas str. 11a, Auce, Latvia

Abstract
One of problems for barleyHprdeum vulgard..) in organic farming is its infection with sebdrn
diseases, particularly with loose smuistilago nudd. Currently in the Latvian Plant Variety

94



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

Catalogue there are no varieties completely registethis disease. Our aim was to offer a resistan
variety acceptable for growing in organic condiiofihe first step in breeding for organic farming
was the evaluation of breeding lines from convevaidoreeding program under organic growing
conditions. The breeding line PR-2797 (‘Rubiolaasvderived from a cross with a loose smut
resistant parent. ‘Rubiola’ was tested under cotioral growing conditions during 5 seasons in 1
site and under organic conditions during 3 seasofssites. The Latvian barley varieties ‘Abava’,
‘[dumeja’, ‘Ansis’ and ‘Ruja’ were used for compson. The yield of ‘Rubiola’ under conventional
growing conditions was superior to extensive typéaties, but it could not surpass the intensive
check ‘Ansis’. The mean yield of ‘Rubiola’ underganic conditions did not significantly differ
from the check varieties. The results indicate thatignificant yield gain for ‘Rubiola’ under
organic growing conditions could be achieved byeasing the seed rate. Resistance to the loose
smut of ‘Rubiola’ was improved by artificial ino@ilon and by PCR-based markers. The most
important advantage of ‘Rubiola’ for organic fargiwas its resistance to loose smut; notable was
also its relatively low infection with leaf diseasdigh spike productivity and grain volume weight.
‘Rubiola’ was entered for VCU (Value for Cultivaioand Use) and DUS (Distinctness,
Uniformity and Stability) testing starting from 200

Key words: barley breeding, organic farming, agronomic trad@ese smut resistance, seed rate

Introduction

Two types of breeding programs dealing with orgdaigning exist: conventional breeding for
organic agriculture with the testing of advanceadi in organic conditions in the later stages and
organic breeding programs where all steps are peei under organic conditions using breeding
techniques in conformity with organic principlesathmerts van Bueregt al, 2007). For example

in Austria the breeding of winter wheat for orgaragriculture is carried out combing to
conventional (until E generation) and organic growing conditions (Lostezger, 2007). Barley
(Hordeum vulgard..) breeding for organic farming is a developingedtion in the Priekuli Plant
Breeding Institute. The first steps were the ev#dnaof the registered varieties (Legzdietal,
2005) and breeding lines from conventional breegiragrams under organic growing conditions
and the investigation of the most efficient selmtticriteria and methods differing from
conventional breeding.

The main requirements for cereal varieties adaptedrganic farming are related to improved
nutrient uptake and use efficiency due to limitedrient availability in soil, competitive ability
with weeds and resistance to diseases (LammertBwaren, 2002). One of problems for barley in
organic farming is infection with seed born disesagarticularly loose smutgtilago nuda(Jens.)
Rostr.). The regulations for seed production inaaig farming are the same as in conventional
farming, but chemical seed treatment is not allowextording to the research results of acceptable
seed treatment methods in organic farming, onttnent with hot water can reduce infection with
loose smut to the acceptable level, but it is moinemic and it is difficult for farmers to organize
such treatment. The choice of resistant variet'esan important component of preventative
strategy. Loose smut of barley can be mainly cdiettdoy choosing resistant varieties. (Borgen,
2004) Currently there are no varieties includedhie Latvian Plant Variety Catalogue that are
resistant to loose smut; only the variety ‘Rasarasommended for organic farming (Latvian
Catalogue of Plant Varieties, 2007). The aim of 8tudy is to summarize the testing results of the
new barley variety ‘Rubiola’.

Materials and Methods

The spring barley breeding line PR-2797 (‘Rubiolags derived from the cross combination of
Ruja/Run 458. ‘Ruja’ is a medium late maturing Latvvariety and Run 458 is a Canadian line
with the loose smut resistance gene Un8. At flistline was tested in regular breeding nurseries
under conventional conditions (until 2003) and diged. Due to resistance to loose smut the line
was selected for testing under organic conditio2904-2006). Additional testing under
conventional conditions was performed during thepgration of the line for registration (2006-
2007).
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Trial 1 summarizes the testing results of the breptine PR-2797 under conventional growing
conditions in breeding nurseries in Priekuli dur@D1-2003 and 2006-2007 in 6 replications and
23.1 nf plots. The variety ‘Abava’ was used as a checkingu2001-2003, but ‘Ansis’ and
‘ldumeja’ were checks during 2006-2007. Soil cheeastics: sod-podzolic (2001-2003, 2006) and
sod-podzolic gley (2007) soil, loamy sand and sdodyn, organic matter 11-27 g kgoHkc 5.2-

5.5 (2003, 2007) and 5.8-6.1 (2001, 2002, 20063219 mg kg, K 105-163 mg kg. Fertilizer

N 81-86, P 40.5-43, K 43-67.5 kg ‘hand herbicides Granstar and Primus and the ic#geti
Fastac were applied. The seed rate was 400 seé&lsoaberminate per nthe seed was not
treated.

Trial 2 was arranged in Priekuli and Vecauce itdEecertified for organic farming in 4 replications
during 2004-2006. Plot size in Priekuli was 123and in Vecauce 25 nThe varieties ‘Abava’,
‘l[dumeja’ and ‘Ruja’ (Latvia) were used for compami. Soil characteristics in Priekuli: sod-
podzolic soil, loamy sand and sandy loam, orgaritten 21-23 g kg, pHkc 5.4-6.3, P 69-124 mg
kg', K 100-191 mg kg. Soil characteristics in Vecauce: sod-gleysolit, sandy loam, organic
matter 19-32 g K§ pHyc 6.8-7.5, P 21-40 mg Kg K 50-71 mg k. The seed rate 400 seeds able
to germinate per fiwas applied. Harrowing was used in the tilleritage. Protein and starch were
determined by a Infratec grain analyzer (Foss) exjtessed in % in dry matter. Sprouting was
evaluated in Vecauce in 2005 by calculating % @& #prouted kernels in 75 spikes from two
replications. Traits related to weed suppressidlityalivere determined in Priekuli during 2006-
2007. Emergence was calculated in % after courgingrged plants in 2 x 0.1%rper plot. Soil
shading was estimated visually in % at the encheftillering stage. Plant height in the shooting
stage was measured once per plot. The length adttl i flag leaf was measured for 10 plants per
plot after flowering.

Trial 3 was performed under organic growing cowodisi in Priekuli during 2005-2006 (growing
conditions as in trial 1) in 4 replications witropkize 23.1 rh Three seed rates (250, 400 and 550
seeds able to germinate pef) mvere compared for the varieties ‘Rubiola’, ‘Rugaid ‘Idumeja’.
Infection with powdery mildewRlumeria graminisf.sp. horde) and netblotchjrechslera teres
(Sacc.) Shoem) was scored in Priekuli according t@-4 scale (0-no infection, 4-strong infection)
and in Vecauce disease severity in % was assdsgdging was scored according to a 1-9 scale
(1-compleately lodged, 9-no lodging).

The particularities of the meteorological condisom 2001 higher air temperature and an amount
of rainfall larger than the long-term average whseawsved in July when severe lodging was caused
by heavy thunderstorms 2002 was overall warm agdalr temperature higher by 2.6 °C and the
amount of rainfall 36% lower than the long-termajafThe beginning of the growing season in
2003 was wet, very dry conditions were observethénbeginning of June, middle of July and the
beginning of August. A high amount of precipitationAugust (270% of the long-term average)
caused lodging and sprouting. In 2004 dry conditionApril and May hindered plant emergence,
a high amount of rainfall was registered at the eindune (245 and 232% of the long-term data in
Priekuli and Vecauce) and in the middle of Auguxl ¢the mean air temperature in May, June and
July was below the long-term data. In 2005 endudnd heavy rainfalls were registered in the
middle of May and the extremely high amount of fainvas recorded in the beginning of August
(398% of the long term data in Priekuli and 142%/@tauce) caused sprouting. 2006 was very dry
(47% rainfall of the long term data in the grows®ason) and the mean temperature in the growing
season was 2 °C above the long term average.

‘Rubiola’ was tested by artificial inoculation withose smut during 2004-2006; its parent variety
‘Ruja’ which is susceptible to loose smut was ufdcomparison. Each flower in 3 spikes per
genotype was infected during anthesis with a sgringntaining a local loose smut population
spore suspension of 1 @ [The infected seeds were harvested and sown easbs; the presence
of plants with loose smut symptoms was stated.

DNA was extracted from 1 week old seedlings of ¥héeties ‘Rubiola’, ‘Ruja’ and ‘Run 458’
using the Genomic DNA Purification Kit (Fermentad)CR (polymerase chain reaction)
amplification using SCAR (sequence characterizegliéied region) primers for detection of
resistance and susceptibility to loose smut wasethout according to the protocol of Eckstein

al. (2002). The forward primer T800F4 was used forhbetsistant and susceptible allele. The
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primer TBOOR was used to prime the resistant alelé to amplify a single 716 bp band. The
primer H700R was used to prime the susceptibléeadied to amplify a single 714 bp band.
Two and three way ANOVA was applied for statistidata analysis.

Results and Discussion

The testing results of ‘Rubiola’ under conventiogedwing conditions (trial 1) are summarized in
Table 1. The yield of the line was significantlygher than that of the check variety ‘Abava’ in
2001 and 2003; it did not significantly differ frothe checks ‘Ansis’ and ‘Idumeja’ in 2006, but
the differences were significant in 2007 (p=0.08uFe 1).
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Figure 1. Yield of 'Rubiola’ and check varietieslenconventional growing conditions.

The length of vegetation of ‘Rubiola’ was similay the medium-late varieties ‘Abava’ and
‘Ansis’. Slightly better resistance to lodging walsserved for ‘Rubiola’ if compared to ‘Abava’ in
the years when lodging problems accrued. ‘Rubiptavided the highest volume weight of all the
compared varieties.

Table 1. Testing results under conventional grovaiogditions (Priekuli)

Loose Number Kernel

Grain Vegeta- Volume Powdery Net- smut, of weight

Variety vyield, tion, Loig;)rll TKW, weight, mildew, blotch, spikes kernels per
tha® days 9 9 gl* 0-42 0-42  per per  spike,
m? spike g
2001-2003
Rubiola  4.62 96 7.7 45.2 684 1.3 0.9 0.1 22.7 1.07
Abava 4.05 96 6.5 44.1 659 2.6 2.2 0.9 19.9 1.03
LSDoos 0.23
2006-2007
Rubiola  3.90 99 9 45.8 706 0.8 0.8 0 214 1.00
Ansis 4.13 100 9 44.6 701 0.3 0.5 0.8 19.0 0.90
Idumeja 3.55 93 9 48.2 660 1.7 2.2 2.5 17.8 0.85
LSD 05 | 0.40

19-no lodging; 1-compleately lodgedd-no infection, 4-very high infection

The infection level of ‘Rubiola’ with powdery mildeand netblotch was lower than ‘Abava’ and
‘Idumeja’. Only ‘Ansis’ had less infection. Pradity no loose smut infection was found in
‘Rubiola’; only a few infected plants were found maolikely to admixtures. Superior spike
productivity was ascertained for ‘Rubiola’ in comigan to all other checks.

The mean grain yield of ‘Rubiola’ during its thrgears under organic growing conditions in the
two locations (trial 2, Table 2) did not significhndiffer from the check varieties. The yield of
‘Rubiola’ surpassed significantly that of ‘AbavaV/dcauce, 2004; p=0.05, Figure 2), ‘Ruja’
(Priekuli, 2005) and ‘Idumeja’ (Priekuli and Vecau2005), but it was significantly lower than the
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yield of ‘Abava’ and ‘ldumeja’ in Vecauce in 200&xtremely dry conditions in 2006 had a
particularly negative influence on the yield of #Rola’ and its parent variety ‘Ruja’.
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Figure 2. Grain yield under organic growing coruatis

The vegetation period of ‘Rubiola’ was one day sfiothan that of the parent variety ‘Ruja’, equal
to ‘Abava’ and 8 days longer than for the earlyumialy variety ‘Idumeja’. The medium—tall plants
of ‘Rubiola’ can be considered as an advantageofganic growing conditions because of their
weed suppressing ability. Superior volume weights wstated for ‘Rubiola’ similarly to
conventional growing conditions (significant adwege over ‘Idumeja’ and ‘Ruja’). No significant
differences in grain chemical composition betwdenvarieties was found.

Table 2. Yield, length of vegetation, plant heigiid grain quality under organic growing
conditions (average from Priekuli and Vecauce, 200d6)

Variety _ Grain . Vegetation, _PIant TGM, g V_olume . Prote_iln, Star(_:lh,
yield, t ha days height, cm ' weight, g 1 g kg g kg
Rubiola 4.38 101 82 46.3 688 126 602
Ruja 4.39 102 78 48.2 668 123 604
Abava 4.26 101 85 45.7 685 126 602
Idumeja 4.38 93 72 47.1 646 126 605
LSD 05 0.28 1.6 4.3 2.4 194 n.s. n.s.
p genotype 0.4 <0.001 <0.001 0.2 <0.001 0.3 0.7
p environment <0.001 <0.001 <0.001 <0.001 0.3 <0D.00<0.001

Although the differences were not significant, ctfen with powdery mildew was lowest for
‘Rubiola’ if compared to the check varieties (TaBle The infection level with netblotch was the
lowest for ‘Rubiola’ also; showing significant sujmeity over ‘Abava’ and ‘Ildumeja’ in the
Priekuli tests. Significantly lower in infection thiloose smut was ‘Rubiola’ (few infected plants
are more likely due to admixtures) in comparisofAoava’ and its parent variety ‘Ruja’ as stated
in Priekuli. In Vecauce the infection level witholee smut was very low and no infected plants
were found for ‘Rubiola’. The lowest sprouting raaeong the tested varieties was found for
‘Rubiola’; more than half of the kernels were sgealfor the early maturing variety ‘Idumeja’.
Table 3. Infection with diseases and sprouting iganic growing conditions (average from
Priekuli and Vecauce, 2004-2006)

Powder Powder Netblotch, .
Variety r_nilde_w,y mildew,y Pl\rlieetfllj?itc(?. 4 Vecauce, sL&izi E@rdtﬁ] Spr(zztmﬁ,
Priekuli, 0-4 Vecauce, % ’ %
Rubiola 1.25 6.04 1.42 0.92 0.08 5.5
Ruja 2.50 9.75 1.92 3.11 4.62 5.9
Abava 2.75 11.92 2.75 6.37 5.75 9.7
Idumeja 1.75 10.97 2.67 1.46 0.11 54.3
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LSD g5 n.s. n.s. 1.21 n.s. 4.5 7.1
p genotype 0.2 0.4 0.1 0.1 0.04 <0.001
p year 0.01 0.007 0.3 0.05 0.2 -

Lin Priekuli;* 2005 in Vecauce

The expression of traits related to the weed sigga ability of ‘Rubiola’ are close to the average
values of all tested varieties and breeding linegamost of the cases (Table 4). This can be
explained by the fact that ‘Rubiola’ was not seddctinder organic growing conditions and no
special attention was paid to such traits. The Swmding of ‘Rubiola’ was only a little better than

the average; plant height in shooting was equ#hdoaverage value or a little higher. Genotypes
with significantly longer and wider flag leaves thé&Rubiola’ were found among the tested

breeding lines.

Table 4. Weed suppression ability determinativigsti@riekuli, 2006-2007)

Soil shading in  Plant heightin  Length of flag leaf, Width of flag leaf,

Genotypes tillering, % shooting, cm cm mm

2006 2007 2006 2007 2006 2007 2006 2007
Rubiola 65 73 36 33 11.7 11.1 8.6 8.1
Varieties and average 61 70 36 30 12.3 11.4 8.5 8.0
breeding lines min-ma» 45-71  55-79  30-47 25-38 9.3-14.5 8.6-13.7 6.5-10624-10.5
LSD ¢.05 n.s. 9.3 4.4 4.3 1.75 1.20 1.20 0.71

1'n=21in 2006 and n=18 in 2007

The results of Trial 3 indicate that a significayi¢ld gain can be achieved for ‘Rubiola’ by
increasing the seed rate from 250 to 400 and froéntd 550 seeds able to germinate pe(Table

5). Similar results were obtained for ‘Ruja’, buir fldumeja’ a seed rate of 400 provided the
highest yield and the further increase of seed wate not effective. The reason for this is not
clearly recognizable yet.

Table 5. Effect of seed rate increase under orggnoiving conditions (Priekuli, 2005-2006)
Infection with

Variety Yield, t ha TGW, g Volume weight, g1 netblotch, 0-4
250" 400° 5500 250 400 550 250 400 550 250 400 550
Rubiola 2.292.92a 3.36ab 51.149.0a 48.0a 682.883.1 690.0a 0.81 0.95 1.13
Ruja 1.932.33a 2.83ab 52.649.9a 49.7a 661.462.6 668.6a 1.35 1.75 2.0la
Idumeja 2.373.17a 3.21a 50.649.4 48.8a 650.651.6 6555 2.19 250 2.75a
[lyear 17.5 115 12.7 32.7
[Jgenotype 12.3 9.5 60.2 37.7
[Iseed rate 29.6 39.4 2.7 4.3

! seed rate; a- significant difference from seed 280, b-significant difference from seed rate ¢880.05)
2 0-no infection, 4-very high infection

Gruberet al. (2003) reported that higher seed rate (200-456@ssable to germinate per nested

for spring barley) resulted in higher yield for eals, but it is not always economical. The possible
explanation could be the not very high productillering coefficient of ‘Rubiola’ (during 2006-
2007 under conventional conditions it was 2.7 aftdf8r ‘Rubiola’ and ‘ldumeja’ respectively).
On the other hand, the number of productive tillges nf for ‘Rubiola’ was higher than that of
‘l[dumeja’ under organic growing conditions (418 &88&b, respectively, average from 2006-2007).
The difference between early maturing ‘ldumeja’ amedium-late maturing ‘Ruja’ and ‘Rubiola’
can be possible explained by the longer lastinigiémice of the higher weed biomass in the case of
lower seed rates for late maturing varieties. Therghse of TGW and the increase of volume
weight was observed along with the increase of sasl for all varieties. A slight increase of
infection with netblotch was found with increaseztd rate (the difference is not significant for
‘Rubiola’). The results show that the increase ed#dsrate had a more positive influence on yield
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gain than the yield reduction caused by netblatééction. The influence of seed rate on TGW and
grain yield was high, but it was less on volumegheiand infection with net blotch.

The results of artificial inoculation improve thesistance of ‘Rubiola’ against loose smut; 0%
infected plants were found during 3 cycles of testand we presume that the line has UmS
resistance gene. For the susceptible parent vaRefg’ most of the infected plants (80-90%) had
loose smut symptoms. Primers T800F4 and T800R &ewpla single band in varieties the
‘Rubiola’ and ‘Run 458’ (Fig. 3A). Primers T800F4daH700R amplified a single band in the
variety ‘Ruja’ (Fig. 3B). These results indicatatlihe variety ‘Rubiola’ carries the resistanceegen
Un8which is obtained from the parent ‘Run 458’

A B

(a) 100 bp GeneRulBf DNA ladder (Fermentas); (b) ‘Rubiola’; (c) ‘Rujdt) ‘Run 458'.

Figure 3. Amplification of the genomic DNA of thartey varieties ‘Rubiola’, ‘Ruja’ ‘Run 458’
using primers specific for (A) the resistant allefgB) the susceptible allele.

Conclusions

The grain yield of ‘Rubiola’ in conventional grovgrconditions was able to surpass the extensive
type varieties (‘Abava’ and ‘ldumeja’), but it cauhot surpass the intensive type variety (‘Ansis’).
The most important advantage of ‘Rubiola’ for origafarming is its resistance to loose smut;
notable are also its relatively low infection withaf diseases, optimal plant height, spike
productivity and grain volume weight. ‘Rubiola’ wast the most optimal genotype regarding a
number of traits desirable for organic growing dtinds like the length of vegetation and traits
determining weed suppression ability.

The increasing of seed rate might be beneficiabfdaining a higher yield for the variety ‘Rubiola’
under organic growing conditions.

‘Rubiola’ was entered for VCU (including organicstieg) and DUS testing from 2007. If the
testing results will be successful, the varietyl i recommended for growing in organic farms.
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VASARAS MIEZU SKIRNES ‘RUBIOLA’ PARBAUDES REZULTATI

Legzdipa L., Gaike M., Gaile Z., Berzinpa I.

Viena no miezu lordeum vulgarel.) audZz3anas prolmam biologiskaja lauksaimnietba ir
inficeSaras ar slimibam, kuru ierosiataji saglalajas sklas mateifdla, ipaSi ar putoSo melnplauku
(Ustilago nudd. PaSlaik neviena no Latvijas Augkifiu katalog ieklautagm &irném nav
izturiga pret So slifbu. Miasu nerkis bija piedvat audztajiem izturigu irni, kas litu pientrota
biologiskajiem audzSanas apskliem. Pirmais solis, uzkot selekciju biolgiskas
lauksaimniethas vajadibam, bija konvencioflaja selekcijas programinizveidotu selekcijas
liniju parbaude biolgiskos apgiklos. Selekcijas thija PR-2797 (‘Rubiola’) izveidota no
krustojuma kombificijas, kua viens no vegkaugiem ir ar iztubas gnu Un8 pret puto3o
melnplauku. Rakat apkopoti rezuliti par ‘Rubiolas’ @arbaudes rezutiem konvencioalos
apsiklos (5 gadi) un biolgiskos apgiklos (3 gadi). SalzinaSanai izmantotas Latdij
selekciostas mieZzu Kirnes ‘Abava’, ‘Idumeja’, ‘Ansis’ un ‘Rja’. Konvencionlos apsiklos
‘Rubiolas’ raza prsyeja ekstenwva tipa &irnes, t&u ta atpalika no intensa tipa %kirnes ‘Ansis’.
‘Rubiolas’ vicgja raza biolgiskos apstklos kitiski neat&iras no standarkdrpu razas. Rezuiti
rada, ka Iotisks raZzas pieaugumsighei ‘Rubiola’ biolasiskos audzSanas apsklos var tikt
sasniegts, palielinot iz@s normu. §irnes iztutba pret putoSo melnplauku pidfta, veicot
maksfigo inficgsanu un izmantojot molekirbs makierus. Nozmigaka &kirnes ‘Rubiola’
priekSrogba biolgiskaja lauksaimnietba ir tas iztuiba pret putoSo melnplaukugrd nemama ir
af relatvi neliela inficeSaras ar lapu slirtbam, varpu produktiviite un auggt graudu tilpummasa.
Skirnei ‘Rubiola’ SN (saimnieciskdpa3bu noteik3anas) un AVS (&t&guma, viendaiguma un
stabilitites) @rbaudes uzktas no 2007.gada.

EVALUATION OF SPRING BARLEY MALTING VARIETIES FOR B REEDING
PROGRAMMES

Leistrumait é A., Paplauskiereé V., MaSauskierg A., Statkeviiate G.
Lithuanian Institute of Agriculture, Instituto dl, Akademija, Kdainiai district, Lithuania, LT-
58344, phone +370 347 37398, e-maitle @Izi.lt

Abstract

During the period 2005-2007 grain yield stabilitydathe malt quality characteristics of malting
spring barley varieties were investigated at ththilddnian Institute of Agriculture. The growing
conditions in 2005 and 2006 were dry and in 2007ewather wet compared with the long-term
mean. The high temperatures and drought in Ju20@8 impacted low grain >2.5 mm yield and
high protein content. The relationships betweenl¢mgths of spring barley growth periods and
quality traits were evaluated. Using the softwaléABLE the stability of malting barley grain,
course grain and extract yields as affected bywsather conditions during the crop year, genotype
properties for varieties, as well as the interaxtiof variety and weather conditions were
estimated. The selection of varieties promisingeirms of grain yield, >2.5 mm grain yield and
extract yield, was based on their ability to realibeir genetic potential in various meteorological
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conditions. Consequently, the highest sum of irstlegssessment of grain yield and grain >2.5 mm
yield was identified for the varieties ‘Tocada’uslina’, ‘Cruiser’, ‘Scarlett’ and ‘Annabell’. The
varieties which exhibited high grain yield stalyiland were distinguished by high grain quality,
disease resistance and other agronomic traits iweobved in further breeding programmes.

Key words: Hordeum vulgareL., disease resistance, yield stability, maltpglity traits

Introduction

The agromorphological and grain quality traits o&rley are commonly influenced by
environmental factors and growing conditions aneréfore are of limited use for assessing the
levels of variability. The genotypic peculiaritie$ a variety and the climatic conditions over a
growing period are the key factors influencing grgield and quality (Tamm, 2003; Paynter and
Young, 2004; Lazauskas al, 2005). The evaluation of the genetic diversityndgial material and
the matching of individuals with suitable traits the malting barley breeding programmes are of
primary importance (Bail and Meynard, 2003). Tharse grain output (grain on 2.5 x 20 mm
sieve) is a specific requirement for malting barlagcording to the present brewing requirements
it must be not less than 90.0 %. The weather hiynadid temperature over the grain filling period
affect it (Paynter and Young, 2004; Passaretlal, 2005). Low grain protein content positively
correlates with good malt quality (Eaglketsal., 1995; Molina-Canet al, 1997; Leaclet al, 2002;
Zhanget al, 2006). A strong correlation exists between ggaistein content and extract content.
Spring barley varieties differ among themselvesortiog to their reaction to the growing
conditions. Therefore the variation of yield andigrquality traits is wide in range (MaSauskiet

al., 2001; Costa and Bollero, 2001). In Lithuaniapperatures noticeably vary during the summer
months and every second or third summer is muathecadr much hotter than the long-term mean
(Galvonait et al, 2007). Therefore the weather conditions durhmgy growing period are among
the factors of primary importance which impact ingltbarley yield and especially grain and malt
quality.

Even though the yield components of cereals ardypdetermined in the vegetative stage, the
actual process of grain formation and filling tak@ace between the heading and physiological
maturity stages. Distinctly shorter grain fillingeniods of barley were observed under drought
stress (Longet al, 1998). Low yields of barley have often been obsg when grain filling was
shortened as a consequence of high temperaturésr ansglufficient water supply (Saviet al,
1997a). Besides yield reductions, significant niegatffects on malting quality have been
observed as a consequence of stress situatiomgydymin filling. Increased protein concentrations
in the grain have been found in association widvatied temperatures and/or drought stress (Savin
and Nicolas, 1996). A smaller average grain sizeldegen related to stress factors.

Grain yields over a wide range were relatively peledent from the total precipitation in the time
span from January 1 to yellow ripeness. High termpees also tended to reduce grading
percentages and to a smaller extent increase protgicentrations. Precipitation amounts within
certain periods are not as decisive as the ocargrehdrought stress (Schellisgal, 2003).
However, moist weather also favours rapid develapmné fungal pathogens. Net blotch infection
suppresses plant height and reduces 1000-grairhiM@gbinson, 2000). Khan (1987) established
a statistically significant relationship betweeelgliloss and net blotch infection under Australian
conditions using values for mean foliar damagehentop three leaves.

In Lithuania the sufficiently humid (normal monthdynount of precipitation in June and July is 69-
79 mm) climate and warm summers enable barley tioyme well. Therefore the investigation of
varieties and their snitability for malting barleyeeding programmes is of great relevance. The
main objectives of this study is to evaluate phegialal traits as well as grain, coarse grain aed th
extract yield stability of spring barley geneticoerces and to select the most suitable variaties f
malting barley breeding.

Materials and Methods

During the period 2005-2007, malting spring barlerieties were studied for yield, disease
resistance and malt quality characteristics aLitteianian Institute of Agriculture. The genotypes
tested were Lithuania-registered varieties, vasefrom genetic resources collections, and new
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varieties for initial breeding. The experimentabtplor each cultivar was 20°mThe plots were
arranged in a random design with four replicatidri®e soil of the experimental site was sod gleyic
(Endocalcari-Endohypogleyic Cambig@Mg-n-w-can) light loam, with a clay content of@®270

g kg, pH«c 6.0-7.0. The organic matter by Tyurin in the plodayer was 25-27 g Kg content of
available P — 83-109 and K — 166-216 mg' ky Egner-Riehm-Domingo. Fertilizers at a rate of
NooPso Kgo Were applied annually before seeding.

The period 2005-2007 was rather favourable fomgphbarley versatile evaluation because of the
variable weather conditions. The conditions for dsegermination and initial growth were
favourable, but the growth period from booting tilaturity in 2005 was warm and dry, in 2006 it
was hot and dry and in 2007 - warm and wetter thadong-term mean.

In the trials we evaluated grain yield (t'ha1000 kernel weight (TKW) (g), hectolitre weight
(HLW) (g I'Y) and grain grading >2.5 mm (%). Malt extract cont@b), protein content (g Ky
and starch content (g Rgwere calculated in dry matter. Protein contens weeasured by the
Kjeldahl method, starch content by hydrochloric dadissolution. Malt extract content was
determined on the basis of EBC (Analytica-EBC, )9&barse (>2.5 mm) grain and malt extract
yields per hectare were calculated. During the ¢hgeeriod earliness was defined as the number
of days from germination (BBCH 10) to heading (BBGBHI) (pre-anthesis period) and the post-
anthesis period was marked as the number of dagshieading to maturity (BBCH 89).

Resistance to diseases was estimated. Powderywn{Bleimeria graminisDC) and net blotch
(Pyrenophora teréswere assessed once at the plant early—mediumden&lopment stage (BBCH
73-75). The severity of the diseases were measaredores, using the scale 1-9, where 1 meant
full resistance, and 9 - complete susceptibility.

The level of statistical significance of data wadcualated by the analysis of variance using the

software package STATISTICS. The coefficients nédir correlation, trait meeX E| and the
least significant difference LS[gs was introduced. The stability of traits was eviddaby the
mathematical model STABLE (Kang, Magari, 1995) dddmt LIA by P. Tarakanovas (2004) and
used for the analysis of varietal grain yield digbi

Results and Discussion

Grain yield, 1000 kernel weight, course grain, astrand the starch percentage of malting barley
varieties were significantly and negatively impactey the length of the growing period from
germination to heading (Table 1).

Table 1. Phenotypic correlation coefficients betwde length of growth stages, resistance to
diseases and spring barley grain yield and quadibgnhuva, 2005-2007.

Grain Grain Extract 1000 kernel Hectoliter Protein Starch
Trait yield, grading, content, weight, weight, content, content,
t ha' % (>2.5 % g gl? g kg* g kg*
mm)
Germination — g 567« 04937  0.254¢  -0.392% -0.194 0.186  -Ga*
heading, days
Heading — -0.438* 0565  0.638*  0.345 0.156  -0.847* 0A&R2*

maturity, days
Resistance to
powdery -0.121 0.311* 0.086 0.271* 0.227 -0.196 0.086
mildew, scores
Resistance to
net blotch, -0.431** 0.034 0.485** -0.159 0.076 -0.649**  0.485*
scores

Significant at *P<0.05; **P<0.01

However, the influence of the post-anthesis peniad much more substantial on these indices than
that of pre-antheis period. The resistance to poyvddldew impacted grain grading and 1000
kernel weight. The higher grain yield matured ankigher protein content was accumulated for
resistant to net blotch varieties, but the extramtcentage in that case was lower. It led to the
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explanation that the number of grain per spikerésistant varieties might have been too high and
therefore the smaller-sized grain maturedcompaiitid the varieties affected by the net blotch.
The correlation between the length of the growirgriqgids and resistance to disease was
insignificant.

Varieties of Lithuania origin ‘Alsa’, ‘Aura DS’, ‘Alas’ had the highest protein content and the
varieties Ula’, ‘Luoké’ were characterized by lower protein content (Table

Table 2. The characteristics of grain quality ansease resistance of spring barley varieties,
Dotnuva, 2005-2007.

Country  Duration in days Resistance to Grain quality traits
of diseases in scores**
Variety origin* BBCH BBCH Powdery Net 1000-kernel Protein,  Starch
10 — 10 — mildew  blotch  weight,g  gkg* g kg*
BBCH BBCH
58 89
Auksiniai 3 LT 41.7 80.7 4.7 2.7 44.7 129 608
Aidas LT 43.7 83.0 4.3 2.0 47.1 135 585
Luoke LT 40.7 80.3 5.3 2.3 49.7 127 564
Ula LT 40.7 80.3 5.3 2.7 51.2 131 587
Aura DS LT 43.3 81.0 5.0 2.3 48.6 134 575
Alsa LT 43.7 82.3 4.0 2.7 46.4 136 590
Henni DE 42.3 80.7 43 2.7 44.8 127 600
Annabell DE 42.7 79.3 3.7 2.3 43.4 132 605
Scarlett DE 43.3 79.3 2.3 5.3 41.9 124 586
Pongo SE 42.7 80.7 1.3 3.7 46.9 124 585
Jersey NL 43.0 82.0 4.0 2.3 47.3 133 577
Tolar NL 41.0 80.3 1.3 4.0 485 128 588
Prestige FR 41.0 78.7 1.3 3.0 45.8 127 596
Breamer UK 41.7 79.7 1.3 4.0 48.0 131 607
Barke DE 41.7 79.7 1.7 3.3 46.4 124 587
Justina DE 42.0 79.3 4.0 2.7 44.2 123 618
Sebastian DK 42.7 81.3 3.0 3.7 47.3 128 593
Tocada DE 43.7 81.7 2.7 3.3 45.8 127 598
Class FR 42.3 80.0 1.0 6.7 46.5 126 591
Cruiser DE 42.7 80.0 1.0 3.7 44.7 128 598
Power UK 41.0 79.0 2.3 3.3 44.1 125 601
X 4225  80.44 3.05 3.27 46.35 128.4 592.3
LSDo.0s 1.492  1.726 1.875 1.326 3.071 11.82 22.04

* DE — Germany, DK — Denmark, FR — France, LT -hu#nia, NL — the Netherlands, SE — Sweden, UK —
United Kingdom.
** 1 - full resistance, 9 - complete susceptibility

The low protein content could be an inherent priypef both these varieties. However, their
resistance to powdery mildew was low. According the protein percentage almost every
registered foreign malting variety could be usedaadonor for the development of the malting
barley lines. However, their resistance to netdbiathould be taken into account because of their
negative relationship with grain yield. The vaesti ‘Annabell’ and ‘Tocada’ demonstrated
satisfactory resistance to both diseases. Netlbiofection was most severe in 2007. Therefore,
although the weather conditions were conducivertingformation, all the varieties investigated
formed better grain >2.5 mm yield in 2005, except'Annabell’ and ‘Tolar’. They yielded better

in 2007. Disease infection in 2006 (powdery mildest blotch and leaf spots) were low because
of the high temperatures and drought. But this mid have any impact on yield as lack of
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precipitation was the main limiting factor. Theistgnce to net blotch positively correlated with
the extract and starch content and negatively thighprotein content.

Table 3. Mean-square of the analysis of variancgpahg barley grain, grain >2.5 mm and extract
yields, Dotnuva 2005-2007.

Source of variability DF Mean square of the yield (MS)

grain t ha grain >2.5 mm t Ha extract t hd
Varieties (V) 21 2.501* 1.498 2.465**
Year (Y) 3 3,237.368** 1,812.767** 485.574**
Interaction (VxY) 62 63.849** 23.908** 12.9005**
Heterogeneity 20 0.211 0.789 0.186
Standard error 180 0.007 0.026 0.019

Significant at *P<0.05; **P<0.01

According to grain yield an especially high assesgmwvas given for the ‘Tocada’, ‘Justina’,
‘Cruiser’, ‘Annabel’, ‘Power’, ‘Tolar’ and ‘Henni(Table 4). These varieties combined high yield
with a low variance of stability. They were deveddpn countries that have warm and wet weather
conditions. Therefore there is some uncertaintyutiltbeir properties in relation with climate
warming.

Table 4. Assessment of spring barley varieties r@oeg to yield, grain >2.5 mm and extract yield
and stability, Dotnuva, 2005-2007.

Variety Grain yield, t hd Grain>2.5 mm yield, t ha Extract yield, t ha

Means YS(i)* Means YS(i)* Means YS(i)*
Auksiniai 3 3.644 -8 3.071 -4 2.869 -6
Aidas 3.324 -10 2.448 -2 2.514 -6
Luoke 3.904 1 3.229 7+ 2.954 4
Ula 3.671 -7 3.167 4 2.762 -9
Aura DS 3.898 0 3.163 3 2.999 1
Alsa 3.763 -4 2.988 -6 2.878 -5
Henni 4.092 10+ 3.177 5 3.188 8+
Annabell 4.306 13+ 3.308 14+ 3.364 18+
Scarlett 3.921 2 2.578 -9 3.148 7+
Pongo 3.584 -9 3.389 11+ 2.830 -7
Jersey 3.944 4+ 3.416 12+ 3.110 4
Tolar 4.254 11+ 3.130 5 3.358 11+
Prestige 3.695 -6 3.147 8+ 2.906 -4
Breamer 3.742 -5 3.281 8+ 2.932 5
Barke 3.773 5+ 3.443 14+ 2.980 8+
Justina 4.429 15+ 3.142 -1 3.397 15+
Sebastian 3.924 3 3.581 24+ 3.112 5
Tocada 4.525 16+ 3.214 6+ 3.553 24+
Class 3.986 7+ 3.136 -2 3.122 10+
Cruiser 4.311 14+ 3.507 23+ 3.382 17+
Power 4.256 12+ 2.834 -8 3.387 14+
LSDg 05 0.068 0.130 0.129

*- The varieties that surpassed the average integeduation Y S(i) of the trial are indicated by) (+

The lowest assessment for grain yield stability elasined for the Lithuanian varieties. However
over the experimental period the grain yield areldyistability for the modern varieties ‘Lugk
and ‘Aura DS'was higher than that for ‘Pongo’, ‘Prestige’ andeBmer’.

Grain grading is an important parameter both fadfand malt barley. A high integral assessment
for this parameter was given to the varieties ‘Sahna’, ‘Cruiser’, ‘Barke’, ‘Annabell’, ‘Jersey’,
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‘Pongo’. The integral assessment of course gratpudper hectare for ‘Luak was the highest
among Lithuania-bread varieties. For the extraetdyivarieties ‘Tocada’, ‘Annabell’, ‘Cruiser’,
‘Justina’, ‘Power’ and ‘Tolar’ did well.

Over the experimental period the crop-year weatioeditions varied considerably. Despite the
fact that according to the averaged three years et growth period of spring barley varieties
varied between 79-83 days, the length of that peaimong varieties in some years was greater.

As a result, the impact of length of specific grovgeriods on yield and grain qualities was noted.
The influence of the post-anthesis period was nmohe substantial on these indices than that of
the pre-anthesis. In Lithuania’s weather condititins long post-anthesis period is frequently
related to wet and cloudy weather which is favolerdor starch and unfavourable for protein
synthesis, therefore the long post-anthesis pgrasitively affected the traits which are important
for spring barley malting qualities. In severaldieis low barley grain yield has been related to the
short duration of the heading-maturity period (8aatial, 1997a; Savirt al, 1997b, Schellingt

al., 2003). According to the climate classificatiothuania belongs to the southwestern sub area of
the Atlantics wood continental area. Only the Léhian coast of the Baltic Sea from the point of
climate is similar to Western Europe and can bkelihto the separate South Baltic sub area
(Galvonaiteet al, 2007). However, the climate is influenced by ¢hebal warming phenomena.
Our study showed that the influence of the weatioexditions on spring barley yield and malting
qualities is much more considerable than that ofotge properties. As a result, the genotypes
with shorter pre- and post-anthesis and simultasigdow protein content like ‘Scarlett’, ‘Cruiser’
or ‘Justina’ will have priority. The Lithuanian vaties were more often characterized by longer
growth and post-anthesis periods than the othexstigated ones, but the grain yield and malting
qualities were lower. The varieties ‘Annabell’ afidcada’ demonstrated satisfactory resistance to
powdery mildew and net blotch. The selection ofiataéas promising for malting barley breeding
programmes in terms of grain yield, >2.5 mm graeld/and extract yield stability was based on
their ability to realize the genetic potential imarious growing conditions. Consequently, the
highest sum of integral assessment of grain yialtl grain >2.5 mm vyield was identified for the
varieties' Tocada’, ‘Justina’, ‘Cruiser’, ‘Scarlett' and ‘Anball’ and therefore these genotypes are
acceptable for the breeding of varieties intended.ithuanian weather conditions.

Conclusions

The genotypes with shorter pre- and post-anthesisianultaneously low protein contesill have
priority in breeding programmdsr growing in the south-west sub area of the Attaoontinental
forest area. The influence of the length of thetjamshesis period on grain yield and malting
qualities was more pronounced than that of theapthesis.

The impact of varietal resistance to net blotchgosin yield, protein, starch, extract content was
greater than that of their resistance to powdetgeni.

According to their ability to realize their genepiotential in various weather conditiomnsterms of
grain yield, >2.5 mm grain yield and extract yiedthbility the varieties ‘Tocada’, ‘Justina’,
‘Cruiser’, ‘Scarlett’ and ‘Annabell’ are best fordeding programmes in Lithuanian meteorological
conditions.
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VASARAS MIEZU ALUS SKIRNU 1ZV ERTEJUMS SELEKCIJAS PROGRAMMU
VAJADZ IBAM

Leistrumait é A., Paplauskiere V., MaSauskierg A., Statkevitiate G.
Laika period no 2005.1dz 2007. gadam Lietuvas Zemkbps instiiita tika petita vasaras alus
miezu &irnpu graudu raZzas stabilte un iesala kvalites pammes. AugSanas apkti 2005. un
2006. gad bija sausi, bet 2007. gadie bija sardra lietaini, saidzinot ar ilglaiégi nowerotajiem
vidgjiem raditajiem. Augsts temperatras un sausuma ietekn2006. gad veidogs zema graudu
frakcijas >2.5 mm raZa un augsts progesaturs. Tika n@vtétas sakabas starp vasaras miezu
vegefacijas perioda garumu un kvalies pazmem. Izmantojot datorprogrammu STABLE, tika
noteikta alus miezu graudu, ragjgraudu frakcijas un ekstraktvielu razas stabdiaudzSanas
gadu meteorolgisko apsiklu, &kirnu genotipiskapasbu, ka afi &irnu un meteorolgisko apsikiu
mijiedarlibas ietekra. Tika veikta daudzsola@ko %irnu atlase pc graudu, graudu frakcijas >2.5
mm un ekstraktvielu raZzas, pamatojoties kizn® sfEju realiZ£t gergtisko potendilu dazdos
meteorolgiskos apgtklos. Rezulita augsika integfla nowertéjuma summa graudu razai un
graudu frakcijas >2.5 mm razai tika konstatkirnem ‘Tocada’, ‘Justina’, ‘Cruiser’, ‘Scarlett’ un
‘Annabell’. Skirnes ar augstu graudu razas statilit izturibu pret slinbam un citim
agronomiskm ipa3bam tika @lak izmantotas selekcijas prograrmsn
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RENEWAL AND THE MOLECULAR CHARACTERISATION OF THEL ATVIAN
MELON (Cucumismelo L.) GENETIC RESOURCES

Lepse L. Balip3 A.? Veinberga I.® Rupgis D.?
! Pare Horticultural Research Centre, Abavas ielai?e PTukuma raj., LV-3124, Latvia, e-mail:
liga.lepse@puresdis.lv
2 Latvian University of Agriculture, Li@liela 2, Jelgava, LV -3001, Latvia
3 Genetic Resource Centre, LVMI .Silava‘idas iela 111, Salaspils, LV-2169, Latvia, e-mail:
dainis.rungis@silava.lv

Abstract

Latvia is at the northern boundary of mel@u¢umis meld..) growing in open-field conditions.
The first local varieties were bred at the begignf the 20th century using Russian and Western
European varieties. These varieties were well &dbiat Latvian climatic conditions, with tolerance
to low temperature and resistance to different g@eths. In the following years seed production
was of insufficient quality and therefore genotypese destroyed because of the cross-pollination
of different varieties. The homogenisation and dlivj of the local melon population into
distinctive lines was started in 2003 at theePHorticultural Research Station with the aim to
derive homogeneous lines that had excellent tasteiah aroma and characteristics. That included
early ripening and high resistance to pathogens.

In 2006 and 2007, five of the most promising inblieds and siblines were evaluated according to
phenology, morphological and organoleptical featufdolecular markers (SSRs) were used to
fingerprint these melon lines acquired from thealopopulation and Europe. Successive
generations of inbred lines were fingerprinted étedmine the success of homogenization. Using
SSR fingerprinting, the genetic diversity and tielaghips within the Latvian melon germplasm
could be determined.

Key words: morphological markers, molecular markers, ssr,eating, sibling, fingerprinting

Introduction

At the beginning of the last century the melon gragvboundary rapidly spread to the northern
regions of Europe (Sukatnieks, 1954). Latvia ithatnorthern boundary of melo@icumis melo

L.) growing in open-field conditions. At the beging of the 20th century the first local varieties i
Latvia were bred utilising both Russian and Westeunopean genetic material. These varieties
were well adapted to Latvian climatic conditionsmtining earliness, high tolerance to low
temperature, sharp fluctuations of temperature latel spring frosts, as well as resistance to
different pathogens. In addition, the taste of ¢hearieties was characterised as good. Latvian
melons were maintained by enthusiasts in home gardéthout ensuring proper seed production.
Due to the outcrossing nature of melons (McCreRfQ0), these locally adapted varieties were
lost. During the 1990s the enthusi@istPilka and the breeders Ugkens and I. Drudze started to
grow the local melon material retained by the gaimtg enthusiast P. Sukatnieks. At the beginning
the seed material gave very uneven plants: from @arly and tasty to late and totally inedible. In
2003 the material was sown in thar® Horticultural Research Station with the aim afrifying

the homogeneity of the material and to evaluate niogphological features of the genotypes.
According to the results obtained, it was determhitfeat homogenisation was necessary. So in
2003 inbreeding and sibling crossing was starteti tie aim of obtaining homogeneous melon
lines. Melon lines acquired from the local populatand also European and USA varieties were
analysed with simple sequence repeat (SSR) matielistinguish their genetic relationships, and
to assess the success of homogenisation.

Material and Methods

The samples were collected from the growers inLtitgale region and during 2003 - 2007, in the
Pare Horticultural Research Station. Close relatezbing (inbreeding and sibling) was done for
the homogenisation of the material. The seedshefldcal melon accessions were sown in plastic
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pots in peat substrate in mid April, and transg@dninto a plastic tunnel mid-May. Plants were
grown in peat substrate and spaced 1 x 0.5 m. Tanspfrom each line or variety were planted.
Plants were tied up on the support system, pruoddad two fruit yielding side branches were left.
Agro-ecological conditions were ensured accordmdghe melon requirements. Every season the
phenological and morphological features of the fglamere recorded and evaluated: germination
speed, days from sowing to flowering and first leating. According to the UPOV descriptors
colour immature and mature fruit shape was detexdhirgrooving, the colour of the grooves,
weight, cork netting and organoleptic evaluatiorsvearried out for the taste and aroma of the
mature fruit, the content of soluble solids was suead according to the Brix scale and flesh
softness measured by a penetrometer. Five fruitplaat were evaluated. The plants with the
highest quality fruits were selected for furthemugenisation by inbreeding and sibling crossing.
Closely related pollination was continued for fgaars.

DNA was extracted by using the “Fermentas” DNA fication kit. SSR primer sequences were
obtained from Danin-Polegt al (2001) and Katziet al (1996) (Table 1). The forward primer was
synthesised with a 6-FAM, HEX or NED fluorescerttdhto allow visualisation of amplification
products on a fluorescent sequencer. The PCR oeactiontained: 20 - 50 ng DNA, 10 x Taq
buffer with KClI — MgC}, 2.5 mM MgC}, 0.2 mM dNTP Mix, 0.5 u Tag DNA Polymerase
(recombinant), 0.2uM each primer (forward and reegiin a final volume of 2%l. PCR was
conducted in the following conditions: denaturatar94°C for 2 min, 35 cycles of denaturation at
94 °C for 45 sec, annealing at 51 °C, 45 sec, atimgat 72 °C for 45 sec, final elongation atC2 °
for 5 min. PCR products were analysed using an ABOO capillary DNA sequencer and
genotyped using GeneMapper software. Genetic agmhyere conducted using GenAlEx (Peakall
and Smouse, 2006), and NTSYSpc 2.11.

Table 1. SSR primers utilised in this study

Primer \ Sequence \ Labe| Repeat \ Reference
CMCTT144F | CAAAAGGTTTCGATTGGTGGG 6-FAMCTT),CTAC(CTT), | Danin-Poleg ett2001
CMCTT144R | AAATGGTGGGGGTTGAATAGG

CMACC146F | CAACCACCGACTACTAAGTC HEX |(ACC), Danin-Poleg et 0@1
CMACCI146R | CGACCAAACCCATCCGATAA

CMGA104F | TTACTGGGTTTTGCCGATTT NED ((GA), AA(GA), Danin-Poleg et a0
CMGA104R | AATTCCGTATTCAACTCTCC

CMAT141F | AAGCACACCACCACCCGTAA 6-FAMAT)(GT), Danin-Poleg et 2001
CMAT141IR  |GTGAATGGTATGITATCCTTG

CMCCA145F | GAGGGAAGGCAGAAACCAAAG | HEX |(CCA); Danin-Poleg et 2001
CMCCA145R | GCTACTTTTGTGGTGGTGG

CMTCI13F TGGATGGATAAGGTGGTAAG NED |(TC)(CGL(AG), Katzir et al 1996
CMTC13R TTCCCCTAGTCGCTCTCT

CMGT108F CTCCTTCAAACATTGTGTGTG 6-FAMCT)N(CT), Danin-Poleg et2001
CMGT108R | GAGATAGGTATAGTATAGGGG

CMCT134bF | GCTCCTCCTTAACTCTATAC HEX |(TA),(CT)(AT), Danin-Poleg et &2
CMCT134bR | GCATTATTACCCATGTACGAG

CMCT44F TCAACTGTCCATTTCTCGCTG NED |(CT), ,TGTT(CT), Danin-Poleg et ab20
CMCT44R CCGTAAAGACGAAAACCCTTC

CMTC168F ATCATTGGATGTGGGATTCTC 6-FAMTC),, Danin-Poleg et2001
CMTC168R | ACAGATGGATGAAACCTTAGG

CMCT170bF | ATTGCCCAACTAAACTAAACC |HEX ((CT) Danin-Poleg et 2001
CMCT170bR | CACAACACAATATCATCCTTG

CMAG59F TTGGGTGGCAATGAGGAA NED |(GA)A(AG), Katzir et al 1996
CMAG59R ATATGATCTTCCATTTCCA

CMTCATF GCATAAAAGAATTTGCAGAC 6-FAM|(TC),(CT), Danin-Poleg et al®1
CMTCA47R AGAATTGAGAAGAGATAGAG

CMGA15F CGGCAAGACGATTGGCAGC HEX |(GA), Danin-Poleg et al 200]
CMGA15R ATCACCGTAGCGAAGCACC

CMTA170aF | TTAAATCCCAAAGACATGGCG | NED [(TA)T(TA), Danin-Poleg et 2001
CMTA170aR | AGACGAAGGACGGTTAGCTTT
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Results and Discussion

At the beginning of the phenotypic investigation2003, very high heterogeneity was determined
in local melon lines. In 2004, the lines of théidbred generations had less homogeneity, but it
was still notable. Distances and relationships betwthe plants of the investigated lines according
to 16 phenotypic traits are shown in Figure 1. @2 lines were less heterogeneous according to
the phenotypic traits (data not shown). In 2006 20@7, the phenotypic variation within the lines
was eradicated — all the lines consisted of mogahoally homogeneous plants.

The phenotypic analysis of the inbred Latvian mdines revealed differences between lines 4(3),
5(2), 8 and 14. Lines 4(3) and 5(2) are morpholafjiche most similar — fruits with yellow skin,
oval shape and medium cork netting. The fleshamge and floury with average taste. These two
lines differ according to earliness — line 4(3k&lier than 5(2), but nevertheless both theses line
are the earliest of all melon lines. Line 8 is euterized by a small, round, grey-green fruit with
darker grey grooves. The flesh is orange, juicgratic and sweet. Line 14 is characterized by
small (up to 14cm diameter), round fruit, with ysltgreen skin and green coloured grooving. The
flesh is green, soft, sweet and juicy. Earlinesines 8 and 14 is evaluated as mid-early.

Single Linkage
Euclidean distances
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4(3)-1
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"DAUG-1 I
*14-2 )

"1411-1 ]
"1511-2
‘3111

311-3
*5(1)-3

0 2 4 6 8 10
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Figure 1. Relationships between lines in 2004 atogrto morphological traits

In 2006, a total of 15 SSR primer pairs were ugednalyse bulked DNA from 8 melon lines and
varieties. These included the local lines 4(3),) ®2d 8, as well as the southern European and
American varieties ‘Cantaloupe De Bellagarde’, ‘&rBecond’, ‘Honey Dew Orange Flesh’,
‘Jaune Canaris’ and ‘Tendral Verde Negro'. Of tleldci, only 10 were polymorphic in the lines
tested. The number of alleles detected by the pmighic loci ranged from 2-7 (mean 2.67) and
the polymorphism information content (PIC) valuasged from 0.13-0.83, (mean 0.59) (Table 2).
Table 2. Allele number, polymorphic information temt (PIC) and observed heterozygosity for

the 15 SSR loci surveyed

| Locus | Allele#| PIC | Obs het

CMCTT144 4 0.72 0.00
CMACC146 1 - -
CMGA104 3 0.65 0.00
CMAT141 1 - -
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CMCCA145 1 - -
CMTC13 3 0.59 0.00
CMGT108 2 0.13 0.14
CMCT134b 5 0.78 0.00
CMCT44 1 - -

CMTC168 2 0.43 0.13
CMCT170b 4 0.72 0.00
CMAG59 3 0.61 0.00
CMTCA47 2 0.47 0.00
CMGA15 1 - -

CMTA170a 7 0.83 0.71
Mean | 267 | 059 | 0.10

Of the 10 polymorphic loci, heterozygous lines weletected by only 3 loci (CMGT108,
CMTC168 and CMTA170a). As bulked DNA was used frtime lines, at this point it is not
possible to determine if these represent heterawy/fei within the individuals, or loci segregating
within the lines.

In 2007, SSR analysis was undertaken using DNAaetad from individual plants rather than
bulked samples. The lines 14i3, D14i3, 4(3)Ai4,)#34(3)i3, 5(2)i2, 5(2)i3, 8i2, 8i2herm, 8i3,
LMAI, LME were tested and a Russian cultivar ‘Zadtdja’ was also analysed. 11 SSR markers
were tested (CMACC146, CMGA104, CMAT141, CMCCA14%MGT108, CMCT44,
CMTC168, CMCT170b, CMAG59, CMGAL15). Of these, siene polymorphic on the tested
material (CMGA104, CMGT108, CMCTT144, CMTC168, CMC/Mb and CMAG59). The
heterozygosity was very low, with only four hetergaus loci detected (8i2/CMGT108; LME and
‘Zolotistaja’/CMCTT144; LMAI/CMAG59). Only one ofhese lines was in the process of being
homogenised (8i2), and in the next inbred generafRi3), this locus was homozygous. The
genetic relationships of these Latvian line andatter cultivars analysed is shown in Figure 2.

14

4{ 8

Cantaloupe

LMA§

EEEE—O)
=
5

| Zolotistaja

| GrosPecond

LME

HoneyDewOF

JaimeCanard

TendralVIN
I u . . . T u . . . T u . . . T u . . . 1

Coafficient

Figure 2. UPGMA dendrogram of genetic distances beteen Latvian melon lines and other
varieties. Genetic distances were calculated usirige proportion of shared alleles.

At the beginning of the evaluation of the Latviaelam genetic resources collection each line was
split into two or three phenotypes according tartherphological traits, such as fruit size, shape,
colouring, groove, cork netting, flesh colour aridckness, skin thickness, taste and aroma.
Inbreeding and sibling crossing increased the h@meity of the samples with every generation.
The lines with the best horticultural traits werar@®l 14, and as they also had tasty fruits, thee we

determined as the most promising for further bregdi
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Genetic diversity among melon cultivars has beeonted as being high, especially when detected
by SSR markers (Danin-Poleg al, 2001; Lépez-Sesgt al, 2002; Nakat&t al, 2005). Overall, we
detected similar numbers of alleles per SSR magd,the PIC values and heterozygosity levels
were similar to those reported. Other markers typesh as RAPDs and RFLPs were found to
detect low levels of polymorphism within cultivatedelons (Katziret al, 1996). However, we
found low heterozygosity in the material testeccrewhen we were using bulked material from the
early stages of line homogenisation. The SSR mankiglised were sufficient to distinguish all the
lines and cultivars tested, therefore, for our psgs of genetic fingerprinting and assessment of
line homogenisation, the markers tested were seiffily polymorphic.

LMAI and LME are samples collected from a gardematgale, and are probably descended from
the original Latvian-bred cultivars. However, tHeave not been propagated via controlled crosses,
and therefore cannot be considered as pure linegltbrars. This is reflected in the fact that tefo
the total four heterozygous SSR markers were fontkdese lines. The genetic relationships of the
Latvian lines corresponds to their phenotypic cti@rsstics, with lines 4(3) and 5(2) grouping
together, while the lines 8 and 14 also were foimthe same cluster. These two groups were
found on separate clusters on the dendrogram. ifieeLIMAI and the variety ‘Canteloupe de
Bellagarde’ clustered with lines 8 and 14, while tbther tested varieties and the line LME
clustered with the lines 4(3) and 5(2). This digkinty of the genetic relationships with the regio
of origin could be indicative of the diverse originf Latvian melon genetic resources, in which
European and Russian germplasm was combined. Tiséeghg of genotypes in relation to the
melon morphological types is very weak.

The Russian cultivar ‘Zolotistaja’, while not knowmbe directly utilised in the development of the
original Latvian melon cultivars, was included st study in order to investigate the genetic
relationship of this cultivar with the Latvian ggstasm and other varieties.

The amount of intra-varietal polymorphism was niectly assessed at this stage of the project,
however, the low level of heterozygosity, as wallthe lack of phenotypic variation within the
lines, indicates that these lines are approachmmadgeneity. Further work will extend these
fingerprinting analyses to further Latvian melomel, as well as investigate intra-varietal
polymorphism. Due to the low number of alleles éma heterozygosity detected by these SSR
markers, it may be necessary to increase the nuait®®8R loci surveyed in order to distinguish
closely between the related melon lines. These B@Rers have been used to fingerprint the
Latvian melon germplasm, and to assess the suotesslon line homogenisation. In the future,
these markers can also be used in the Latvian imgegutogram to assess levels of genetic
diversity, and to allow the targeted introgressbigenetic material in order t broaden the genetic
base of Latvian melon germplasm.
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LATVIJAS MELO NU (Cucumismelo L.) GENETISKO RESURSU ATJAUNOSANA UN
MOLEKUL ARAIS RAKSTUROJUMS

Lepse L., BalinS A., Veinberga |., Rugis D.
Latvija ir melqu (Cucumis meloL.) izplatbas aréla zieméu robeZza Eirof, kur iesgjams
melones audi lauka apgiklos. 20.gs akuma, izmantojot Rietumeiropas un Krievijas maitrj
tika izveidotas pirris viegjas kirnes. Izveidais &irnes bija labi piergrotas Latvijas apakliem —
salcieigas un iztuigas pret slimrbam. Turpnakos gados netika veikta kvalited €klu ieguve un
gkirnes pamaam izvirta nekontrdtas savstagpas apputeks¥saris rezulsta.
2003.g. Rres Darzkopbas izngginajumu stacij tika uzakta melau popukiciju sadalSanainijas
un to homogeni&Sana ar @rki iegat agras, viendabas un iztuigas pret slirbam melau lnijas,
kuru audi izceltos ar labm gar$aspa3bam un aroratu.
2006.g. un 2007.g. piecas perspeitas melaqu linijas tika izértetas @c fenolgiskajam,
morfologiskam ipadbam un to auiy kvalitites. $s linijas tika pasportétas ar molekuariem
markieriem, &m izpétita geretiska daudzveitba un savstagpa saistba. Lai noskaidrotu
homogeniicijas gaitu un papi, ar molekuirajiem makieriem tika @titas daidas 1niju
paaudzes.

THE MAIN TRAITS OF WINTER WHEAT FOR BREEDING FOR OR GANIC FARMING
IN LITHUANIA

Liatukas Z., Leistrumaité A., Razbadauskier K.
Lithuanian Institute of Agriculture, Instituto al, Akademija, Kdainiai district, Lithuania, LT-
58344, phone +370 347 37398, e-miggtukas@]zi.It

Abstract

The investigations were done at the Lithuanianititst of Agriculture in the field certified for
organic agriculture during 2006-2007. Winter whgahotypes were tested in 2006 and 2007.
Overwintering in most cases strongly correlated (f£-0.81) with spring re-growth, and later soil
covering intensity. Yield medium correlated (r=0.&@th overwintering, and strongly correlated
with spring re-growth (r=0.79) in 2006 when winfessts damaged the wheat. Analysis of data of
2007 revealed lower correlations among traits.nsitee autumn growth weakly correlated (r=-0.48
- 0.45) with the soil covering during spring andvsoer time. Good overwintering positively
influenced (r=0.10 — 0.62) the later developmentwbfeat. The highest impact on yield was
determined by the autumn growth type (r=-0.67) switicovering at the flowering stage (r=0.54).
Resistance to powdery mildew was satisfactorilymi@any genotypes as the area under the disease
progress curve (AUDPC) did not exceeded 100. Rawgist to leaf spot diseases (tan spot and
Septoria leaf blotch) was lower. Some genotypesthadvalue up to 500 and higher. The most
problematic disease for winter wheat was commont.bihe most infected cultivar in the
ecological field was ‘Seda’ — 70%, in 2006. The tng&ar trials were sown with clean from
common bunt seeds and this disease did not causagéa Investigations in the common bunt
nursery during 2006-2007 showed that less than fléqltvars and lines were infected lower than
5%. The other genotypes were less resistant. Thst resistant lines in their pedigreere the
cultivars ‘Bill’, ‘Lut.9329’, ‘Lut.9392’ ‘Strumok’, ‘Dream’. Among the investigated cultivars the
most resistant were ‘Z-296’, ‘Sana’, ‘Boval’, ‘Sty‘Penta’, ‘Quebon’, ‘Tommi’'.

Key words: vegetative growth, soil covering, resistance, fliniigeases, common bunt

Introduction

The competitive ability of cereals against weedsetiels on specific traits. For winter cereals, the
first trait is lush autumn growing. On the othentiaovergrowing until winter time is undesirable
due to the possible weakening of plants. Howewadecsion for this trait in breeding nurseries with
conventional growing systems should be done coriegi¢hat plants will be weaker in the organic
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system. Therefore, it is desirable to select thidtigst genotypes. A limiting factor for succedsfu
over-wintering is resistance to cold. In the caspamr over-wintering, even the genotypes with the
best competitive traits will not be superior. Anathtrait is fast growing after resumption of
vegetative growth. It should be part of the compleaits depressing weeds during spring and
summer. Other mandatory traits are good tilleribilits, strong stems, at least of medium height,
non-erect and broad leaves. The desirable height adreal cultivar for every location and field
will depend on the specific population of weed $p®cThe growing season should be short or
medium short. This trait would give more time foechanical weed control after the yield harvest
and prevent yield losses due to drought. (Wadkeall, 1988; Seavers and Wring, 1999; Feledyn-
Szewczyk and Huer, 2006; Lemedeal., 2006; Olsert al.,2006).

The other complex of mandatory traits is resistatacéungal diseases. The resistance of many
genotypes of winter cereals to powdery mildew igskectory at the present moment and the
selection of cultivars for this trait is not congaied. In case of leaf spot disease, especially tan
spot, resistance is lower (Anonymous, 2006), aljlhouorganic growing technology is more
favourable for plants. Leaf spot diseases develdpveer rates than in the conventional growing
system and resistance of some cultivars are satisfa The most dangerous disease is common
bunt of wheat. When effective synthetic seed treatnmaterials were created and introduced for
practical exploitation the breeding for the devehlemt of common bunt resistant cultivars become
very scarce. At the present moment many wheatvaundtiare very susceptible to this disease.
Effective wheat growing under organic conditions e realised if resistant cultivars are grown,
or effective organic seed treatments are used. Meweeither the first nor the second systems
work at present moment. The most realistic is alined technique witch involves the growing of
cultivars with adequate traits for organic growamyl posses some resistance to common bunt and
the treatment of seeds with the most effective mmaneans (Bonmaat al, 2006; Dumalasova
and Bartos$, 2006; Waldow and Jahn, 2007).

The present study was designed to evaluate theygmsoof winter wheat in terms of their main
traits for organic growing.

Materials and Methods

The study was conducted at the Lithuanian Instidt@griculture during 2006-2007. Ten wheat
(Triticum L.) varieties were tested in 2006 and 16 wheattias and breeding lines were tested in
2007. The soil of the experimental siteEadocalcari-Epihypogleyic Cambis¢CMg-p-w-can)
(55°24'N, 2350°E), with a pH¢, 7.0, amount of organic matter 21 g'kgvailable P 65-80 mg kg

! and K 83-125 mg k§ The experimental varieties were grown in thregications and with a
plot size of 5.0 x 1.5 M The crop was sown on a well-prepared seedbedhtfe 80 at a rate of 5
million seed ha in the middle of September. Seeds used for soimi2§05 were from the yield of
2005 of organically grown cereals. The next yeaesis were from conventionally grown breeding
nurseries. The cereals were preceded by a blatdwfalThe field was certified for organic
agriculture. No agrochemicals and fertilizers wesed. The soil was checked for the amount of
mineral nitrogen present in spring before the rgdion of vegetation. The low amount of
available mineral nitrogen (sum of nitrate and ammm nitrogen) (20-30 kg ha) was
determined. Nitrate nitrogen was determined byidhemetric methoéndammonia nitrogen was
determined by the spectrophotometric method.

Overwintering was evaluated using the scale: 1platits alive; 9— died more than 80%.

The ability of cultivars to shadow soil was visyadlssessed using the following scales:

Scale for autumn and spring growinh= soil covered up to 20%, very slow growth r&te; up to
100%, very fast growth rate. Genotypes were evatbah autumn at the end of intensive
vegetation; at spring when intensive growth sta(BBICH29-30).

Scale for evaluation of later developmeht: soil covered up to 20%, plants are very thir; @ to
100%, plants are very lush; genotypes were evaluatestem elongation and flowering stages
(BBCH 32-34; 41-42; 60-65).

The leaf diseases were assessed from stem elomd&RCH 30-31) to late milk development
(BBCH 77). Resistance to diseases was measuremiess using 1-9 scale. Score — 1 no visible
symptoms of diseases, 2 — 0.1%, 3 — 1%, 4 — 5%.26%, 7 — 40%, 8 — 60%, $80%. The
highest disease severity was used as disease (DiexVheat was infected by powdery mildew

114



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

(Blumeria graminisf. sp. tritici Em. Marchal.), tan spotP§renophora tritici-repentis(Died.)
Drechsler) and Septoria leaf blot@eptoria triticiRob. ex Desm).

The area under the disease progress curve (AUDRG)calculated as the total area under the
graph of disease severity against time, from ths $icoring to the last.

AUDPC = [iey™ [(tia = 1) (¥ + Yi1)/2]

Where “t” is time in days of each reading, “y” lsetpercentage of affected foliage at each reading
and “n” is the number of readings (Campbell and déad 1990).

Wheat resistance to common buiillétia tritici (Bjerk.)) was investigated in a common bunt
nursery with artificial infection. Inoculation waarried out by shaking seeds with teliospores (5 g
spores/1000 g seed) in a flask for 5 min. In Oatolwben the soil temperature had dropped below
7°C, the inoculated seeds were sown 15 g per gengigpa 3- m- long row at a depth of 10 cm in
four replications arranged in different parts of fleld. The common bunt incidence was measured
at the medium milk development stage (BBCH 75)hasrtumber of infected ears from the total
ears harvested. The following scale was used imat varietal resistance: infected ears 0.0 =
very resistant, 0.1-5.0 = resistant, 5.1-10.0 = enatkly resistant, 10.1-30.0 = moderately
susceptible, 30.1-50.0 = susceptible, 50.1-100:6ry susceptible (Szunics, 1990).

Correlation analysis was applied to calculate i@tst between different traits at the probability
levels 0.05 and 0.01.

Results and Discussion

Good overwinter survival strongly influenced mamgits. A strong correlation (r=0.71-0.81**)
was between over-wintering and spring re-growtlil, mvering at later development stages, the
height of plants and heading time in 2005/2006 (& 4.

Table 1. Correlation between overwintering, soWering traits and the plant growth peculiarities
of winter wheat, 2005/2006

Traits 2 3 4 5 6 7 8 9 |
Overwintering 0.80** 0.81* 0.53* 0.80* 0.70* 0.I** -0.71* -0.50*
Re-growth,

BBCH29-30 XXX 0.66**  0.42* 0.82* 0.50* 0.66** -BO** -0.63*
Soil covering,

BBCH32-34 XXX XXX 0.46* 0.80* 0.81* 0.76* -0.57* -0.52*
Soil covering,

BBCH41-42 XXX XXX XXX 0.66**  0.52* 0.55* -0.58* -02**
Soil covering,

BBCHG60-65 XXX XXX XXX XXX 0.83* 0.87** -0.74* -®8*
Productive tillers XXX XXX XXX XXX XXX 0.74* -0.56* -0.36*
Plant height XXX XXX XXX XXX XXX XXX -0.36* 0.38*
Heading XXX XXX XXX XXX XXX XXX XXX 0.85**
Maturity XXX XXX XXX XXX XXX XXX XXX XXX

*- probability level 0.05, ** - probability level 01

Analysis of the correlation between investigataitérshowed that autumn growth type in 2007 had
no influence under organic conditions on overwiniggrcapability (r=-0.24). Autumn growth
weakly correlated with spring re-growth and soW@oang at stem elongation, r=0.45* (Table 2).
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Table 2. Correlation between overwintering, of sodvering traits and the plant growth
peculiarities of winter wheat, 2006/2007

Traits 2 3 4 5 6 7 8 9
Autumn growth 0.24 0.45% 0.45* -0.48* 0.03 -0.11 0.22 -0.42**
Overwintering xxx 051 0.10 0.32* 0.62** 0.28 -0.21 -0.56*
Spring re-growth, XXX XXX 0.82** 0.17 0.32* 0.53* -0.31* -0.60**
BBCH29-30

Soil covering, XXX XXX XXX 0.16 0.01 0.68* -0.42*  -0.33*
BBCH41-42

Soil covering, XXX XXX XXX XXX 0.17 0.39* -0.30*  0.03
BBCH60-65

Productive tillers Xxx XXX XXX XXX XXX -0.19 -0.13 -0.43*
Plant height Xxx XXX XXX XXX XXX XXX -0.20 -0.27
Heading Xxx XXX XXX XXX XXX XXX XXX 0.33*
Maturity Xxx XXX XXX XXX XXX XXX XXX XXX

* - probability level 0.05, ** - probability leved.01

The results of the over-wintering of 2006/2007 sbkdva medium correlation (r=0.51**) between
spring re-growth and the number of productiverdlg=0.62**).

Spring re-growth showed the strong correlationsvbeh soil covering at plant flowering and
heading time in 2006, r=0.82** and -0.80**, respeely. Correlations with other traits were
weaker (r=-0.63* - 0.42*). Spring re-growth stronglorrelated (r=0.82**) with the soil covering
at the booting stage, and the medium correlated.63**) with plant height and negatively with
maturity time (r=-0.60%**).

Correlation analysis of vegetation peculiaritiesl aasistance to leaf diseases with yield showed
that the strong positive influence (r=0.79**) orelg in 2006 was exerted by plant spring re-growth
(Table 3). However, strong correlations were caltad only in 2006. A medium positive influence
on yield expressed overwintering (r=0.60**) in 2006

Table 3. The correlation of winter wheat yield wille main agronomic traits

Traits Yield Traits Yield

2006 2007 2006 2007
Autumn growth type B -0.67**  Plant height 0.27 -0.22
Overwintering 0.60** 0.25 Heading -0.55** -0.34*
Spring re-growth, BBCH29-30 0.79** -0.26 Maturity -0.27 0.31*
Soil covering, BBCH32-34 0.29 -0.38*  Powdery miMescores -0.47* -0.25
Soil covering, BBCH41-42 0.20 0.45* Powdery mildeAwJDPC -0.43** -0.04
Soil covering, BBCH60-65 0.37* 0.54**  Leaf spo&cores -0.26 0.06
Productive tillers 0.05 0.47* Leaf spots. AUDPC 1. -0.06

*- probability level 0.05%* - probability level 0.01

Among negative traits the highest effect was caled for heading data (r= -0.55**) and leaf
diseases (-0.13 - -0.47**) in 2006. This mainly €ieged on plant photosynthetic activity which in
turn affected the amount of assimilates in thedyidlutumn growth in 2007 showed a medium
negative (r=-0.67**) influence on yield. Soil covay at the flowering stage influenced the yield
medium (r=0.54**). The vyield in 2007 correlatedthviother traits weakly or did not correlate.
Highly ranging correlations were mainly influenceg different weather condition during the
investigation period. In 2006 wheat was severelypaiged by cold and summer drought. Whereas,
wheat overwintered well in 2007 and precipitatiaming the summer was satisfactory for wheat
development. Susceptible to powdery mildew wintéreat genotypes can be characterized by
AUDPC values exceeding 1000 (Ruzgas and Liatuké86)2 Therefore, resistance to powdery
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mildew for many cultivars was sufficient in 2006hen 10 cultivars of 14 were evaluated by
AUDPC value up to 100 (Table 4.). The four cultvarere evaluated by AUDPC value up to 500.
The year 2007 was less favourable for powdery mildad all genotypes were evaluated by
AUDPC values only up to 10. The leaf spot diseagese not problematic for the majority of
cultivars in 2006, when 12 cultivars of 14 werelaated by AUDPC values only up to 100. The
resistance of 2 cultivars was evaluated by valums fLO0 to 500. The actual resistance to leaf spot
diseases was revealed in 2007, when all cultivare wvaluated by AUDPC values more than 100.
The four cultivars were medium resistant and hddegup to 200.

Table 4. Resistance to fungal diseases of wint&aivbenotypes tested for organic growing

AUDPC value Number of genotypes CB level Number of genotypes
PM LS 2006* 2006**  2007**
2006 2007 2006 2007
0-10.0 0 16 0 0 0 0 0 0
10.1-50.0 3 0 3 0 0.1-5.0 1 0 1
50.1-100.0 3 0 1 0 5.1-10.0 2 0 1
100.1-200.0 2 0 2 2 10.1-30.0 4 1 0
200.0-500.0 2 0 4 10  30.1-50.0 1 0 1
>500.1 0 0 0 4 >50.1 2 9 13
Total No. 10 16 10 16  Total No. 10 10 16

PM — powdery mildew, LS — leaf spot diseases, Gi®mmon bunt

*-organic field, **- common bunt nursery

The main problem concerning fungal diseases resistavas susceptibility to common bunt. There
were no highly resistant cultivars among the wintdneat genotypes tested under organic
conditions. Winter wheat genotypes were sown indtganic field with naturally infected seeds.
Under the conditions of the organic field 3 cultvavere infected up to 10% in 2006. Although
testing of these genotypes in common bunt nurseity artificial infection revealed that only 1
genotype of 10 possessed some resistance. Thesre$§007 were similar, 2 genotypes of 16
were infected less than 10%. The overall infectiwean in the common bunt nursery was 81% and
64% in 2006 and 2007, respectively. Thereforetivars infested less than 10% possessed some
resistance level.

Data from common bunt nursery presented in Taldbdws the most resistant genotypes among
all those tested. Among the tested genotypes i6 Al cv. ‘Quebon’ was resistant.

Table 5. The most common bunt resistant genotypesnter wheat in 2006-2007,
common bunt nursery

Genotypes in 2006

Avg.* SD** Avg.* SD**
Quebon 5.0 2.6  Watson 18.0 10.3
Tommi 15.0 9.6 Dream/ Lut.9329 18.5 19.0
Bill 15,5 10.2 Dream/ Lut.9329 28.8 22.4
Bill/Aspirant 17.2 15,5 Flair/ Lut.9329 29.5 30.

Genotypes in 2007

Bill / Aspirant 1.9 1.7 Globus 5.5 2.9
Strumok / Lut.9392 2.0 0.8 Tarso/Bussard 55 1.3
Z-296 2.8 1.7 Bill/ Dream 6.0 2.9
Sana 3.0 1.6  Strumok/ Lut.9313 6.3 1.7
Boval 3.3 1.3 Sj05-15 7.5 1.3
Sj 020196-050 3.5 1.3 Dream/ Lut.9329 7.8 3.2
Stava 3.6 0.9 Penta 8.5 1.3
Strumok / Lut. 9392 4.5 1.9 Dream/Bill 8.5 3.1

*Avg. - average, **SD — standarediation
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The least damaged seven were evaluated as medscepsible and evaluated as being 15.0 to
29.5% of infected ears. The genotypes tested itY 208re more resistant. The eight genotypes
were evaluated as resistant; the other 9 were mmeisistant.

The distribution of winter wheat genotypes by resise to common bunt revealed that only

minority of germplasm can be used for resistaneeding. Only 1 cultivar of 175 was resistant in

2006. Among the tested genotypes in 2007 not orge highly resistant. Eight genotypes of 474

were resistant and 10 were medium resistant. Antbagested genotypes in both years the very
susceptible germplasm dominated: 92% in 2006 ar@f@4n 2007 (Table 6).

Table 6. Distribution of winter wheat genotypesdmynmon bunt resistance reaction in 2006-2007,
common bunt nursery

Resistance groups

Ye@r 0 0.1-5.0 5.1-10.0 10.1-30.0 30.1-50.0 50.1-100.0rotal
No.* %** No. % No. % No. % No. % No. % No.
2006 0 00 1 06 O 0.0 7 4.0 6 3.4 161 92.0 175

2007 0 00 8 1.7 10 21 48 101 55 116 353 74.6 4 47

*- number of genotypes per group, ** - percent ehgtypes per group

The first trait in autumn which can be assesséldesautumn growth rate of cereals. This trait & th
capability of plants to compete with weeds from thdial growth stages. This trait did not
correlate with overwintering in cereals grown undemanic conditions in 2007. Under
conventional growing conditions too lush growthnist desirable because it negative influences
overwintering. Autumn growth type is strongly cdated with spring re-growth and soil covering
at the stem elongation stage. This trait mediunretated with plant height. Considering the
correlations obtained the autumn growth rate carore of traits allowing for the selection of
genotypes with highezompetition abilities in regard to weeds. Thisttrairelatively stable under
different environments as well as its plant heidgfterefore genotypes can be selected at early
generation stages if the environment is suitabteigh for longer development in autumn.
Overwintering is one of essential traits for wintereals under the organic growing system. Due to
a low amount of available nitrogen the developmeinplants in spring is slower. Therefore,
weakened plants hardly can compete with weeds. Sumh stands later will be depressed by
weeds. Correlation analysis showed that this staitngly affected spring re-growth intensity and
later soil covering.

Autumn growth and overwintering can be consideretha two main traits which affect crop stand
development. Autumn growth type defines furthernplgrowth more or less and successful
overwintering warrant adequate development of @tamd and its soil covering capability. Plant
height expressed strong correlations in many c&tasever, high correlation with autumn growth
type showed that this trait is closely related antbund even in early plant growing stages. The
main reason is that plant height reducing genesmoiless affect all the vegetative parts of the
plant. At the present moment many cultivars of einivheat are too short for growing under
organic conditions. Moreover, these cultivars havect leaves, which poorly shadow the soil
surface.

Our results revealed that leaf diseases were radilgmatic for many of the tested genotypes
during the investigation period. The majority gemats of wheat in 2006 in the case of powdery
mildew had a AUDPC value up to 100, whereas thet masceptible wheat genotypes in breeding
nurseries (data not shown) had a AUDPC up to 180@ present cultivars of wheat posse’s
satisfactory resistance to powdery mildew (Anonymd006). The research of resistance types to
powdery mildew showed that partial resistance dateip This resistance type is durable.
Therefore, determined resistance level will be mheiteed mostly by environment influences
(Miedaner and Flath, 2007).

Dry weather conditions in 2006 negatively influetidbe development of leaf spot disease. The
next wet year revealed that only two genotypestofviéere medium resistant. Leaf spot dominated
among other diseases. It developed to a considelai| only at the end of vegetation, therefore
did not influence the yield negatively. At the mgesmoment breeding for resistance of wheat to
leaf spot diseases are progressive. The bestgemeltachieved in the case of Septoria leaf blotch,
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some the newest cultivars do not have a consideraigher yield without fungicides when
infection pressure is not very high (Anonymous, &00Therefore, perspectives for the use of
resistant cultivars are optimistic.

The main problem was the common bunt of winter whEgamining miniscule parts of resistant
genotypes of winter wheat under organic conditisngery complicated. An epidemic of common
bunt did not occur in organic farms up to now otlie to the reason that certified seed production
under organic conditions consist only of small pErthe productive of all organic farms. This
situation is similar in all Baltic states as wedl Burope. As the organic farms buy conventional
certified seed they break the infection chain whichld create epidemics. This scheme could be
suitable to stop an epidemic if such occurs. Thentinvestigations showed that at the present
moment the most realistic is the situation wherdsesf cultivars possessing some resistance are
treated with treatments allowed for organic farmiktpreover, seed material must be investigated
from the point of view of pathogens and appropriakeans should be selected individually for
every seed lot (Waldow and Jahn, 2007).

So complicated cultivation of winter wheat can beided if the considers the quality of grain of
cultivars grown under organic farming. In many cageain quality is too low for bread making.
Considering complication with common bunt and lowig quality instead of wheat triticale or rye
could be chosen. In this case, cultivars of wirtgicale and rye should be evaluated for soil
covering traits as described above. Moreover, taggie to ergot must be checked as some cultivars
of triticale and the majority of rye are suscegibl

Conclusions

Autumn growth and over-wintering can be consideredhe two main traits which affect later crop
stand development. Autumn growth type are stromglyrelated with spring re-growth and soil

covering at the stem elongation stage. Conside¢nagorrelation obtained autumn growth type can
be one of traits allowing for the selection of gepes with higher resistance to weeds.
Overwintering was one of essential traits for wintereals under the organic growing system.
Correlation analysis showed that this trait strgragfected spring re-growth intensity and latet soi

covering. The main problem concerning the resigané wheat to fungal diseases was
susceptibility to common bunt. There were no highdgistant cultivars among winter wheat
genotypes tested under organic conditions.
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ZIEMAS KVIESU NOZ IMIGAK AS PAZIMES SELEKCIJAI BIOLO GISKAJAI
LAUKSAIMNIEC IBAI LIETUV A

Liatukas Z., Leistrumaité A., Razbadauskier K.
Petijumi tika veikti Lietuvas Zemkadpas institita biologiskajai lauksaimniabai sertifiGtos
laukos laika pericg@ino 2006.1dz 2007. gadam. Ziemcibt liekkaja dda gadjumu cieSi koredja
(r=0.71-0.81) ar ataugSanas inteftsipavasar un augsnes nosegsanas intatisielakas atistibas
stadips. 2006. gadl kad tika nogroti ziemas sala bajumi, raza vid@ji korelgja ar ziemciabu
(r=0.60) un cieSi (r=0.79) — ar ataugSanas intatingavasar Datu anake 2007. gaal paidija
vajakas koreicijas starp pamém. AugSanas intengie rudem korekja ar augsnes nosegSanu
pavasar un vasat (r=-0.48 - 0.45). Laba ziemcibh pozilvi ieteknEja \elako kvieSu afistibu
(r=0.10 — 0.62). Lielka ietekme uz raZzu tika konst# augSanas tipam rude(r=-0.67) un
augsnes nosegsanai Zigdnasdze (r=0.54).
Izturiba pret miltrasu bija apmierino3a vairumam gengotjpulaukums zem slithas progresa
litknes (AUDPC) nefprsniedza 100. Iztdba pret lapu plankumaiem (kvieSu lapu
dzeltenplankumaiibu un septoriozi) bija maka. DaZiem genotipiem AUDPGCetiba bija 500 un
lielaka. Visproblematiskaka ziemas kvieSu slithba bija cied melnplauka. Visvaiik inficétaka
Skirne biolgziskaja laulka bija ,Seda’ — 70% 2006. gad Nakamia gada izmaginajumos tika
izmantots no cias melnplaukagits €klas matedls un slimbas bagjumi netika nogroti. Petjumi
atsevi&i iekartota cieais melnplaukas audiava 2006.-2007.g. padija, ka mazk neld 1% no
gkirnem un inijam inficeSaras ar So slirtbu bija mazka par 5%. Citi genotipi bija mak izturigi.
Izturigakajam [inijam viens no veikaugu starp bija genotipi ‘Bill’, ‘Lut.9329’, ‘Lut.9392’
‘Strumok’ un ‘Dream’. Visiztuigakas irpu star@ bija ‘Z-296’, ‘Sana’, ‘Boval’, ‘Stava’, ‘Penta’,
‘Quebon’un ‘Tommi’.

BREEDING ASPECTS OF NARROW — LEAVED LUPINE ( Lupinus angustifolius L.)
GROWING FOR GREEN MANURE

Maknickiené Z.
Voke branch of Lithuania Institute of Agriculturgalioji a. 2, Trak Voke, Lithuania, LT-02232
phone: +370 52645439, e-makkretoriatas@voke.zi,[Zituxm@one. |t

Abstract

The individual selection method has been employeddrrow-leaved lupine breeding at the
Lithuanian Institute of Agriculture’s Vak Branch since 1993, when a collection from the N.
Vavilov All-Russian Institute of Plant Industry wabtained. During the period 1995 — 2005,
using the individual selection method two narreweaved lupines varieties VB Derliai and VB
Ugniai intended for green manure and two narrol®aved forage varieties VB Vilniai and VB
Antaniai were bred. The varieties VB Derliai , WByniai and VB Vilniai during the 2006-2007
years were included in the EU common catalogudanftpvarieties. Also during the period 1995 —
2005 not only the afore-mentioned varieties weneeltged, but also five lines of narrow-leaved
lupine for green manure that passed all the stafjgbhe breeding process and were assessed
according to international standards. All of theefibreeding lines are characterised by a high
resistance to fungal diseases, a fast growth tai# growth stages, high seed yield (2.1-2.9H)ha
and a short vegetative growth period (82-98 dalsiy are a valuable material from the genetic,
breeding and agronomic point of view. They will tmed in further lupine breeding programs, and
the most valuable lines will be transferred toaéf testing centres.

Key words: nrrow-leaved lupine for green manure, individualestion, variety, resistance to
fungal diseases.
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Introduction

The breeding of lupine in Lithuania was startedhst Dotnuva plant breeding station in 1934
(Lazauska®t al,1992). In 1947, lupine breeding was transferrechfDotnuva to the KaroliniSkes
station near Vilnius, and after the reorganisatifrresearch institutions, lupine breeding was
transferred from the Karolinik station to the VakBranch in 1957 where continuous breeding
with — yellow lupine Lupinus luteud..) has been carried out until now. The only narieaved
lupine variety Snaigiai for green manure (breederShb&ius) was bred in 1962 using the
intervarietal crossing method. The greater intengst given to the narrow - leaved lupine in 1993
when a collection was obtained from the N. Vavilall-Russian Institute of Plant Industry.
Comprehensive research into this species of lugioreducted during the period 1993 — 1997 was
of special importance since a high resistance ¢orbw fungal disease of lupine anthracnose
(Colletotrichtum gloesporoides ( Penz.) Penz & Sasas identified in this species (Kurl@vet

al., 2002, Maknickieér et al, 2001). Lupine anthracnose affects all lupinecrse without
exception, and yellow lupine is especially headbmaged by the disease (lvanietkkal .,2001,
Evsikov et al.1999). Currently, there are no yellow lupine vagignotable for a high resistance to
anthracnose. Therefore yellow forage lupine cag belreplaced by a narrow-leaved forage lupine
and lupine for green manure, which are charactbiigeexceptional characteristics such as fast
growth rate at all developmented stages, a showigg season and high yield.

During the period 1995 — 2005, using the individs@lection method four narrow-leaved lupine
varieties were developed: two narrow-leaved lupizgeties for green manure VB Derliai (breeder
Z.Maknickiere) and VB Ugniai (breeders Z.MaknickighA.RaZukas), and two narrow-leaved
forage lupine varieties VB Vilniai (breeders Z. Muadkiere, J. Lazauskas, A. Subias,
A.RaZukas), and VB Antaniai (breeder Z.MaknickierDuring the period 1995 — 2005 not only
the afore-mentioned varieties were developed, lBotr@umerous valuable breeding lines that were
assessed according to international standardsgWsenindividual selection method, five narrow-
leaved lupine breeding lines for green manure hmen developed so far. They are a valuable
material from the genetic, breeding, and agrongooint of view and will be used in subsequent
breeding work. The most valuable lines will be sf@nred to the state variety testing.

Materials and Methods

Lupine breeding crops are grown at the LIA ¥dtanch in a six-course crop rotation, with spring
cereals as a preceding crop. The soil — Haplic 4alsi ( LVh ), moderately acid, low in humus
(2.0-2.1), nitrogen 0.096-0.117 %, phosphorus 11323 mg k¢, potassium 126.4-153.3 mg'kg

! soil. A conventional soil preparation technologgsiemployed: deep autumn ploughing, two soil
cultivations in spring. The herbicide gezagard (34 ha) was applied for weed control. The
fungicide kemikar-T (2 I/t seed) was used for seedtment.

The chief breeding methods employed were individkgdéction and intervarietal hybridization.
The lupine variety Snaigiai was used as a canitigbine breeding is performed according to the
approved methodology, following this scheme: 1)emtion nursery, 2) hybrid nursery, 3) breeding
nursery, 4) control nursery, 5) initial varietyald, 6) competitive variety trials. In the collextj
hybrid and breeding nurseries — in the plots 0B84-nf . In the control nursery plots of 9,6m
Initial and competitive variety trials involve 34-replications, the size of a record plots is 15,0
20,0 nf respectively. During the vegetative growth penkadious assessment methods ( IBPGRI
et al., 1981,COB et al.1985) are applied in all stages of breeding worktlfie identification of
resistance to fungal diseases at three plant gretatfes: seedling, bud formation — flowering and
shiny pods. 1 to 9 point scale was used: a 1 — lsvyresistance, diseased plants over 50 %, 3 —
low resistance, diseased plants 26-50 %, 5 — mtalegaistance, diseased plants 11-25 %, 7 — high
resistance, diseased plants 2.5-10 %, 9 — veryragjbtance, diseased plants less than 2.5 %. With
this end in view, at complete emergence plants weunted in A and C replications, at seedling,
bud formation — flowering, and shiny pods stagethracnose-affected plants were counted and
removed from the plot. At the complete maturitygstehealthy plants were counted and their
productivity was estimated. The percent of fungakdse affected plants was identified according
to the formula:

P=(n/ N) 100, where n — number of affected plants, N — remalh assessed plants.
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Morphological, genetic and agronomically importé@nchemical characteristics were estimated.
Biochemical composition content was estimated eghriods schining legumes. Alkaloid content
was determined by the gravimetric method LST 15@&@J nitrogen content (N) was determined by
the Kjeldahl method (LST 1523), P — by wet comharsticoloritmetrical method usinBechnikon
instrument, K and Ca — by flame fhotometry. Allalses were done at the Center Of
Agrochemical studies of the Lithuanian Institute Agfriculture. The results thus obtained were
statistically analyzed using ANOVA software (Tarak@aset al., Raudonius et al.2003).

At the end of the breeding process the best seleeteety is transferred to the state variety regti
centre for final evaluation.

Results andDiscussion

Development of breeding lines. The success of tkeding work depends on the abundance and
value of the initial material.

The variety VB Derliai was produced from the vayriddeter-3. The variety Deter-3 is of a
determinant type, very early, low-yielding, withl@v alcaloid content and a low resistance to
fungal diseases. The variety VB Derliai signifidgndiffered in morphological and biochemical
properties from the parental variety. This varietycharacterised by monopodic branching, high
seed and green material yield, high content ofi@iltsand high resistance to fungal diseases.

The variety VB Ugniai was produced from the variBtyi-15. The selected genotypes differed in
blossom and seed colour. The blossom colour ottlection accession DM-15 is light blue and
that of the seeds sandy. The variety VB Ugniai 167&haracterised by a dark blue blossoms and
the dark sandy colour of the seeds and by a higjktamce to anthracnose.

The breeding line 1669 was selected from the waBetrebrianskij. Three genotypes were selected
according to phenotypical traits. The blossomghefparental variety had a light pink colour, the
seeds were sandy coloured. The selected genotygresdistinguished by white blossoms and the
white colour of the seeds. Both the parental varétd the line 1669 are characterised by high
yield and resistance to fungal diseases.

The breeding line 1682 was selected from the wariEt2, which is characterised by light blue
blossoms and light brown seeds. According to thenptype the selected genotypes differed in the
colour of blossoms (dark blue) and in seed colaarK brown with white dots). Individual
genotypes were distinguished by a high resistembengal diseases and a short growing season.
The breeding line 1685 was selected from the waAdt 4. The selected genotype is characterised
by sympodic branching and long and narrow podsighifscant difference is joned in the small
seeds. 1000 seed weight is 101g, and that of thety#®T- 4 139.4 g.

The breeding line 1688 was selected from the didlecaccession 3210. The collection number
3210 is characterised by light blue blossoms agidat [brown seeds. The breeding line 1688 was
distinguished by dark blue blossoms and bright lbreageds. A significant advantage of the
breeding number is its high resistance to pod imgst

The breeding line 1709 was selected from the vwakfelikan — 4. One very productive (56 pods,
219 seeds), early, fusarium and anthracnose-resigiant was selected from the collection
accessions.

Green material yieldNarrow-leaved lupine needs a fairly large amounmnofsture for growth and
development. During the growing season lupine regua high amount of moisture from sowing to
complete sprouting and from flowering to the whitenof the pods, the optimal amount of
precipitation being 250 mm . In the high percipitatof 2003 the highest green material yield was
obtained. The yield of the narrow-leaved lupingetégs VB Derliai,VB Ugniai, and their breeding
lines ranged between 65.6-69.7, and that of thedata 71.6 tha (Table 1).The breeding line
N1685(69.7 thd) lagged behind the standard only inappreciable @teraged experimental data
from 2003 — 2005 suggest that the varieties VB iBieVB Ugniai, and their breeding lines lagged
behind the standard in terms of green materiabtlyligl 2.4 — 6,0 th& Our experimental findings
show that the reduction in green material yield ethgjs on lupine genetic characteristics and
hydrothermal factors. Lupine plant height determittee yield of green material. The height of all
the tested breeding lines and the varieties VBiBieN/B Ugniai ranged between 57.0- 66.1 and
that of the standard was 93.0-95.0 cm. When theesniexcess of percipitation the height of the
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lupine variety Snaigiai can exceed 100 cm. Dueh&zsé genetically inherent characteristics the
green material yield of the variety is very high.
Ploughing in the green material of lupine is recanded when the plants have reached their
highest productivity. Nitrogen accumulation in tlkegetative mass and roots becomes more
intensive from the beginning of budding to the ghind stage. The variety Snaigiai and the tested
breeding lines reach the shiny pod stage at diifeimes. The breeding lines and the varieties VB
Derliai, VB Ugniai reach this stage depending gmrbmeteorological conditions during the
second ten-day period of July and the first tenqdasgod of August. It is a perfect green manure
fallow for winter cereals, while the standard virieaches this stage 2—-3 weeks later.

The efficacy of lupine as green manure dependsnigt on the yield of the incorporated
green material but also on its chemical compositidar experimental evidence indicates that the
content of total nitrogen in narrow-leaved lupinigtee shiny pod stage is higher (3.2-3.7 %) than

that of yellow lupine (2.3-2.7 %). According to chieal composition indicators the tested breeding
lines and the varieties VB Derliai and VB Ugniag @imilar to the standard.

Table 1. Green material yield of narrow-leaved mepivith green manure, (Trak/oké, 2003-2005)

Variety,breeding 2003 2004 2005 Mean, t ha Diference
line green material, green material, green material, from

t ha' t ha' t ha' the standard,
Snaigiai 71.6 65.0 57.0 64.5 0.0
VB Derliai 68.2 60.0 52.0 60.1 -4.4
VB Ugniai 65.6 61.2 51.8 59.5 -5.0
1669 67.6 63.0 54.7 61.8 2.7
1685 69.7 62.6 54.0 62.1 24
1688 67.6 58.0 50.0 58.5 -6.0
1682 66.0 58.8 55.1 60.0 -4.5
1709 66.3 59.2 56.2 60.6 -3.9
LSDgs 1.3 3.73 3.08 1.56

Seed yield. Currently, when the occurrence of lepamthracnose is high in Lithuania the seed
yield is one of the chief criteria for the assessitd breeding material. The world’s lupine gene

fund does not comprise any varieties that are 10@<istant to fungal or viral lupine diseases, and
it is possible that the varieties characterisegdnyial resistance do not lose this trait longad &

the years of the weak epiphytoty of the diseasé sadeties either do not catch the disease at all
or are only slightly affected. Depending on thevgtostage at which the disease appears, lupine
anthracnose can destroy all of the seed vyield. [&tex the plants are affected, the higher the

chances to secure at least a small seed yieldw&hther conditions during the experimental years
were diverse therefore the spread of fungal diseakipine also differed.

Table 2.Anthracnose-affected narrow-leaved lupint \green manure, % (TrakVoke, 2003-
2005)

Variety, breeding % of affected plant

line 2003 2004 2005
Snaigiai 9.6 100 31.0
VB Derliai 1.0 2.1 1.1
VB Ugniai 1.1 2.0 1.0
1669 0.9 2.0 0.8
1685 1.2 2.2 1.8
1688 1.0 2.4 1.7
1682 0.8 2.2 1.4
1709 1.2 2.4 1.0

In 2003 narrow-leaved lupine was least affectecibthracnose. A dry and cold June suppressed
the spread of the pathogen. In the narrow-leavpihéuthe first sporadic anthracnose lesions were
recorded at the beginning of the third ten-dayqeknf July when the breeding lines were at the
wax maturity stage and the standard was at theoktite milk maturity stage. The breeding lines
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matured on August 7-12, the standard — on AugustAt3he end of maturity the anthracnose-
affected plants in the breeding lines amounted.81® %, in the standard 9.6 %. In 2003 the

highest yield (1.1 t h} of the standard was obtained. The yield of theebing lines (2.1-2.7 t Ra
exceeded the standard by 191-245 %.

The highest severity of anthracnose was recorde2D@%.The weather conditions in July were
conducive to the occurrence of anthracnose. Theheeavas rainy with frequent downpours.
Anthracnose occurred in the lupine stands at tlggnbeng of the third ten-day period of July.
When the anthracnose began to spread all breeitieg had reached the stage of wax maturity,
therefore this fungal disease did not have any ethdfect on seed yield (affected plants made up
2.0-2.4 %) (Table 2), seed yield (2.2-3.1 thérable 3). The variety VB Derliai and N1685 were
distinguished by a high seed yield (2.8-3.1 t)hén the control treatment anthracnose occurred at
the lupine milk maturity stage. At the wax maturiitage all the plants in the control treatment
were affected by anthracnose and the seed yieldiaiex to 0.3 t H& The tested breeding lines
matured at the end of the third ten-day periodubf,ihe standard matured on August 22.

Table 3. Seed yield of narrow-leafed lupine witeegr manure, (TrakVoké, 2003 — 2005)

Variety,breeding 2003 2004 2005 Mean, t ha Diference from
line seed vyield, seed vyield, seed yield, the standard,
t he™ t he* t he® (+) tha'
Snaigiai 1.1 0.3 0.8 0.73 0.0
VB Derliai 2.6 3.1 2.6 2.8 +2.07
VB Ugniai 2.4 2.2 2.2 2.3 +1.57
1669 2.3 2.9 25 2.6 +1.87
1685 2.4 2.8 25 2.6 +1.87
1688 2.5 2.6 2.3 25 +1.77
1682 2.7 25 2.7 2.6 +1.87
1709 2.1 2.3 2.1 2.2 +1.47
LSDgs 0.14 0.21 0.22 0.11

In the year 2005 the first symptoms of anthracnesee recorded at the end of the third ten-day
period of June. The breeding lines reached wax nihatat the beginning of the second ten-day
period of July. At the end of maturity anthracnaétected plants in the breeding lines amounted to
0.8-1.8 % - of the standard 31 %. The breedingslimatured on July 26 - on August 8. The
standard matured on August 29. In terms of sedd,ytiee breeding lines and the variety Derliai
exceeded the standard variety (0.8 thhhy 262-337 %. N1682 was found to be the most
productive 2.7 t Ha

Average data from 2003-2005 suggest that all teeedebreeding lines exhibited a rapid growth
rate during all development stages, which reswdtbah resistance to anthracnose and a high seed
yield 2.2-2.6 t hd (of the standard 0.73 tha Due to its short growing season, (82-98 days) th

lupine species can be successfully grown all okerdountry without any additional methods of
cultivation.

Conclusions

1. Since the resumption of narrow-leaved lupineebireg at the LIA’s Voke Branch, five breeding
lines and the varieties VB Derliai and VB Ugniai reedeveloped using the individual selection
method during the period of 1995-2005.

2. All of the narrow-leaved lupine breeding lin@e aharacterised by a rapid growth rate during all
development stages, high anthracnose resistarfeetéd plants 0.8 — 2.4 %, of the standard 9.6 —
100 %), high seed yield 2.1 - 2.9 th4of the standard 0,73 t f)a short growing season 82 - 98
days, (of the standard 100 - 114 days).

3. The varieties VB Derliai and VB Ugniai 2006-20¢&ars have been included in the EU common
catalogue of plant varieties.
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SAURLAPU LUPINAS SELEKCIJAS PERSPEISTiVAS (Lupinus angustifolius L.)
ZALMASAS AUDZESANAI

Maknickiené Z.

Saurlapu lupu selekcij Lietuvas Zemkojbas instiita Vokes nodia tiek izmatota individala
selekcijas metode kop3 1993, kad tikaategkolekcija no N. Vavilova Viskrievijas Augu
Rapniedbas instiita. Laika period no 1995. — 2005. tika selekcigas divas Saurlapu loqu
&irnes, kas paredias zémasas razoSanai - VB Derliai un VB Ugniai &1 divas lopbabas
&irnes - VB Vilniai un VB Antaniai. §irnes VB Derliai, VB Ugniai un VB Vilniai ielautas ES
Augu irnu katalog 2006.-2007. gad Laika posra 1995. — 2005. ir izveidotas ne tikai
iepriekSmirgtas kirnes, bet arpiecas Saurlapu lopu finijas izgjuSas visas selekcijas procesa
pakapes un tika izertétas saskga ar starptautiskiem standartiem. is pie@m selekcijasihijam
konstagta augsta iztaba pret 8nu slinibam, atrs augSanas temps asaugSanas staalj, augsta
seklu raZa (2.1-2.9 t 19, iss vegetalvas aug3anas periods (82-98 dienagh if \ertigs materils
no gerctikas, selekcijas un agronomijas viethok Linijas var tikt izmantotasalaka lupinu
selekcijas programainbet \ertigakas finijas tiks nodotas ofigiam parbaudes ieatlem.

THE EVALUATION OF BUCKWHEAT HYBRIDS FOR THE INHERIT ANCE OF
VALUABLE AGRONOMIC FEATURES

Romanovskaja D., RaZzukas A.

Voke Branch of Lithuanian Institute of AgriculturZalioji a. 2, Vilnius LT-02232, Lithuania,

Phone: +370 52645439, e-malhnuta.romanovskaja@voke.lzi.It

Abstract

Buckwheat Fagopyrum esculentuidoench.) breeding work has been done at the Vokedh of
the Lithuanian Institute of Agriculture during 20684 2007. The general idea of buckwheat
breeding was to create high vyielding, big size mgaand short stem buckwheat cultivars.
Buckwheat varieties are bred using hybridizatioassive and individual selection methods. The
selected best buckwheat genotypes were assesdedtenpgrain yield and size, plant stability and
the ability to lie flat and other valuable biometféatures.

The main aim of this research work was to explouekivheat hybrid seedling phenotype
inheritance. The general idea of buckwheat breediag to create high yielding, big size grains
and short stem buckwheat cultivars. Trials werdgpered with 144 hybrid numbers.40.0 — 47.6%
the selected hybrids had big sized grain and shtain inheritance.Buckwheat inheritance
consistent patterns have a great influence in tleeding work for big size and short stem
buckwheat cultivars.

Key words: buckwheat breeding, buckwheat features inheritame®, buckwheat hybrids
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Introduction

Buckwheat is one of the main cereal plants growtherlight soils in Lithuania. Traditionally they
are used in the food industry as well as in phayn@at the chemical industrylfiporosckas,
2000). The land area for buckwheat covers over @1@0in Lithuania (Batulewiate, 2006). The
economical importance of buckwheat increases eyeay as more and more attention is given to
human health problems. Due to this buckwheat stemnésearch work and the breeding of new
buckwheat varieties has started to increase owdlel wide level (Campbell, 2003).

Improvement programs for buckwheat varieties hatsted now for over a hundred years. But
yield and other quality feature changes were smailbmparison with other crops. Buckwheat is a
cross pollinated plant, but also self pollinatienpiossible. But self pollinated grain is ineffidien
and plant production from such seeds is |@asfukwuii, 1970).

The main aim of the research work at the Voke Bmamicthe Lithuanian Institute of Agriculture
was to explore buckwheat hybrid phenotypes and ttadiiable farming features such as grain size
and plant height inheritance in the breeding predeshigh yielding, big size and resistant to low
flat varieties during the 2001-2004 research years.

Materials and Methods

The experimental plots were established on sandgnlon carbonaceous fluvial-glacial gravel
eluviated soil (IDp), according to FAO-UNESCO cifisation Haplic Luvisols (LVh). Soll
agrochemical characteristics: pii5.2 — 6.2, humus — 2.11 — 2.18%, mobi}©4108 — 152 mg
kg', mobile KO 150 — 165 mg K Soil for buckwheat trials was ploughed in theuaun,
cultivated twice and harrowed in the spring. Fiediion — NoPsoK4o. Herbicide — agroxone 750,
1,6 | ha' was applied after buckwheat sowing. Test fieldaai@ collection trials — 2 fn for
competitive varieties trials — 12%nn 4 replications. Planting rate — 3 min*haf fertile seeds.
Buckwheat is a short vegetation period plant. Theving period is June, July and August. So
summer meteorology conditions have the most imporeafluence on buckwheat growth and
development. During the research June meteorologdittons were unfavourable for buckwheat
plant growth till the bud stage and flowering st&gcause of high rainfall and low air temperature
2004 was a very bad year for buckwheat and alsausecof drought in 2006. Meteorology
conditions data are presented in 1 Table.

The buckwheat flowering period and grain formatysiologically proceed at the same time —
from the end of June till mid September, but theshiotensive period is July. Buckwheat ripens
about one month from the beginning of the flowerpeyiod, so for yield formation July and
August are very important months. During the resde€2004 and 2005) the July months were dry
(hydrothermic coefficient HTK 0.87 and 0.70), bu®0Z had higher rainfall (HTK 4.22).
Meteorology conditions during August of 2004-2006re unfavourable for buckwheat growth
because of high rainfall and in 2007 due to drought

Buckwheat varieties are bred using hybridizatiorgssive and individual selection methods.
Selected buckwheat hybrid numbers 1000 grain madgpkant height was compared with parent
plants in accordance with the coefficient of phgpetdominatiorhp: hp<-1.0 — negative hyper
domination, -1.0kp<-0.5 — partial domination of lower index, -Ofx0.5 — no or low
domination,hp>1.0 — full heterosisBomorosuu, 2006). The phenotype domination coefficient hp
was calculated in accordance with the formula:

(F, —MP)
(P max- MP)
F, — hybrid features value

MP — parent's features mean value
Pnax— parent parent's with the higher characters aysigature value

According to the phenotype domination coefficiemirfhybrids groups were evaluated:
l. 20 hybrids, bred in 2001.
Il. 20 hybrids, bred in 2002.
Il 53 hybrids, bred in 2003.
V. 51 hybrids, bred in 2004.
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Results and Discussion

The buckwheat breeding program was created witleti@s and hybrids consisting of the valuable
agronomic features. 4 buckwheat varieties were frsethe crosses: Volma, Zaleika, Zniajarka,
VB Vokiai with the hybrids, selected during the easch work. During the research work 144
buckwheat hybrids were selected and tested. Thiewheat selected according to the phenotype
domination coefficient, and valuable farming featufrom parent plants inherited hybrids, are
explored in the second and third groups. Resultsvghat 50% of the hybrids, selected in 2002,
inherited big size grain and 60% — short stem. Degalts are presented at Fig. 1 and Fig. 2. In the
third group 60.4% of the hybrids inherited big sigain features. In the first group, the buckwheat
hybrids selected in 2001 had weaker valuable agnanéeatures: domination was found only in
10% of the plants, so there was no heterosis effémst buckwheat hybrids in the fourth group had
an intermediate size and short stem inheritance.

Buckwheat plants have one of the longest flowepegods and produce a high number of flowers.
But compared with other cereals buckwheat yieldssally lower. So the most important way to
increase buckwheat yield is to select productiwictias.

Buckwheat breeding data results show that 2001lidiyloiid not inherite large seeds. About 80% of
the tested hybrids had small grain and there waseterosis effect (Fig. 1). It was determined that
buckwheat selection for large grain size is ondhef main measures in new variety breeding,
because of polymorphism domination inheritan&@efceesa, ITaymesa, 1988; Anoxuna, 1990).
Grain size which has 1000 grain weight is one efiost important buckwheat variety features.
But it can vary depending on growing conditionst Egample, the trial data of 2000-2001 gave
1000 grain mass — 32.2 g to the variety VB Vokisinfantas, 2002). But during the 2001-2004
period the conditions for plant growing were exteerao 1000 grain weight was lower — 31.0 g
(Romanovskaja, Razukas, 2006). Buckwheat breedinfs tperformed at the Voke branch of
Lithuanian Institute of Agriculture data show tH#&100 grain mass variation was very low. The
varieties variation coefficient was 0.5 — 5.7%, g 1.0 — 6.5% (Romanovskaja, Razukas, 2006).
Buckwheat hybrids plant height inheritance evabdratiata of the first group show that 70% of the
tested hybrids had heterosis (Fig. 2). Selectedithylolid not inherited short stem height. Multiple
populations were produced during the first two gearthe breeding work, in 1999 and 2000. The
mother plants were selected as hybrid numberstantbteign varieties as father plants. First year
hybrids were used as the primary material for e oultivar breeding. The buckwheat hybrids of
2002 — 2004, the parental crossings were eliminatetthe higher hybrid numbers inherited big
size grain and low plant height up to 60% (Fig.nt &ig. 2). In the fourth group the hybrids
received after crossings with the Lithuanian varB Vokiai and the best hybrids of 1999 — 2001
were tested. Evaluating buckwheat hybrids valuédrming features and evaluating the phenotype
domination coefficient it was determined that thrids which had intermediate big size grain
inheritance dominated. An 39.2% of the hybrids sach an inheritance type (Fig. 1). Low height
parental plants were chosen for the crossing coatibims, which have genetic features for
earliness and resistance against the plants NahgHor example, the Lithuanian variety VB Vokiai
is of low height, the average stem height is 87aci even in the wet seasons plants are not high
(Almantas, 2002; Romanovskaja, Razukas, 2006).gféatest number of 2004 buckwheat hybrids
were taller than the parental plants. 39.2% oftdsted hybrids had the heterosis effect (Fig.2).
Low plant height was inherited by more than onedtbf the selected hybrids — 37.3%.

Research results show that choosing low heightetras and hybrids for the new low height
varieties the planed results can not always beirdddabecause of the heterosis effect. But most of
all the new bred varieties had lower than mediuighieless than one meter.
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Figure 2. Hybrids inheritance estimation of plaeight (Traky Voke, 2004 — 2006)

Estimating the last three years research result@nwparental crosses were eliminated in the
buckwheat breeding work, the data show that 47.6%eoinherited big grain size hybrids and low
stem height — 46% of the hybrids. Research of thekwheat hybrids quantitative features
evaluation show that by choosing the right paréants good results can be achieved in big size
grain productive buckwheat varieties breeding.

Conclusions

The buckwheat breeding program performance forstection of big size grain and low height
plant varieties demonstrated that 46.0 — 47.6%efselected hybrids inherited the most valuable
inheritable features. Using the parent crossingedirg method, only 10% of the buckwheat
hybrids inherited big size grain feature and 25%w- plant height. The inheritance of the most
valuable agronomic features was very low.

144 buckwheat hybrids were tested during the seaech years. Very important genetic material
was collected for further buckwheat breeding andeaech work. The buckwheat hybrids
gquantitative features consistent pattern will bgrefat significance for the breeding of new bigsiz
grain and low plants height buckwheat varieties.
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NOZIMIGU AGRONOMISKU PAZ IMJU IEDZIMSANAS 1ZV ERTEJUMS GRIKU
HIBRIDIEM

Romanovskaja D., RaZzukas A.
Laika posm no 2004 idz 2007.gadam Lietuvas Zemkbps institita Voke filiale veikta grku
(Fagopyrum esculentunMoench.) selekcija. Galves grku selekcijas metodes ir: iekSsugu
hibridizacija, masu un individala izlase. Labkajiem atlaftajiem genotipiem tiek artéta graudu
raZza, augu garumszldu lielums un citas agronomiski riozigas paunes.
Galvenais ptjjuma nerkis bija nortét, ka griku hibadiem iedzimst daatlas agronomiski svagas
paZmes. Galvenais selekcijarkis ir izveidot augstragas,isstiebrainas dgu irnes ar rugm
seklam. Iznmeginajuma vertetas 144 hikidas kombiricijas. Rupji graudi ufss stiebrs iedzima 46.0
- 47.6% hibrdu. Saigtai rupju €klu unisa stiebra iedzimSanai hitbos ir nozme grku selekcij,
jo iesgEjams ie@it &kirnes ar iepriekSmgtajam pazmem.

VARIATION OF POTATO MERISTEM CLONES - NEW FACTS FOR SCIENCE AND
PRACTICE

Rosenberg V.Kotkas , K., Sarekanno, M., Ojarand, A., Vasar, V.
Department of Plant Biotechnology EVIKA of ERIA, daduse 6a, Saku 75501, Estonia
phone: +3726041484, e-maglvika@evika.org

Abstract

In vitro regenerated plantlets obtained through the viradieation procedure were preserved as
meristem clone vitro. The progeny of each meristem was the basis tontéristem clone. The
agronomic traits of meristem clones were evaluatetield trials. The hte blight resistance of
meristem clones was determined onitheitro level, where the plants were inoculated with a pure
culture ofPhytophthora infestansnd as welbs in the field. More than 600 meristem clones®f 4
varieties were studied over a long period of tifige results showed that meristem clones differed
in their yield, starch content and disease resistalRor example, the yield of 16 meristem clones of
the variety Agrie Dzeltenie varied from 32.4 to%&1.ha™ as an average during the three trial
years. The one meristem clone of the variety Bimtgs superior to the others for a higher
resistance to late blight, for yield and for staodmtent. For the variety Ants there was no clear
correlation between susceptibility to late blightdayield. The most resistant meristem clone
produced a yield of 38,1 t haand the moderately susceptible clone — 51.8't Méle can conclude
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that it is possible to improve the agronomic tratspotato varieties by selecting the meristem
clones and this phenomenon can be used in seedgiimdand in plant breeding.

Key words: potato meristem, meristem clones, yield, late bligkistance

Introduction

The viruses of potato are still a great problenpileshe fact that the diagnosis of viruses hasibee
improved and rapid methods of eradication and plidition of plants have been developed. The
meristem method has been used as a tool for tlgcation of potato initial seed material from
virus diseases for about 40 years. The methodnsipally the following: a slice of meristematic
tissue is cut from the bud of a plant and cultidaite a culture medium in conditions that are
favourable for the regeneration of the whole neanpl The exact method varies according to the
aim of cultivation process. Several treatmentspfants or sprouts are used prior the cultivation of
meristem, like thermotherapy, chemotherapy, x-retgs The meristematic tissue can be excised
from the sprout or shoot; it can be lateral or abic

In EVIKA a lot of factors that affect virus eradima and the regeneration of plants are studied. As
a result research of a long duvalim the technologyvirus eradication was created according to
which the meristem is excised from the lateral apidal buds only from shoots of green plants that
have passed through the thermotherapy treatmeet.optimal size of the meristem explant that
guarantees the highest regeneration percentagéhankighest number of disease-free plants is
0.2-0.3 mm. The selection for the best plants staready on the level of first regenerants. The
offspring of all meristem explants is preserved angpagated separately, this way the meristem
clones are formed. Before the selection for seadlymtion is made, the meristem clones are
evaluated in the fields. Simultaneously one par¢afh meristem clone offspring is preserired
vitro (Kotkas, Rosenberg, 1999).

The results of the preliminary trials where thedspetato was propagated by the conventional
clone method demonstrated that some meristem chliffesed from others by their yield and level
of infection with late blight. Similar informatiowas obtained from the districts of Moscow and
Tomsk, where the seed potato propagated in EVIKA w@mpared to the potato eradicated in
another laboratory. These results inspired us udysthe characteristics of meristem clones as
closely as possible. The goal was to find outéféhwas any correlation between the characteristics
of the meristem explant and the yield and othelitigs of the meristem clone. We also wanted to
know if the difference between meristem clones avasnstant phenomenon or a random.

In the current study we present the comparativa dathe agronomical traits of potato meristem
clones. The number of publications of possible Isimrials is very limited. Our further aim is to
do the genetic analysis of potato meristem clobgsto now the factors increasing the variability
of meristem clones and possibilities to create efowith positive variations have been unclear.
Therefore the importance of thermotherapy, growtiintones and the genotype in variation
development will be studied.

Despite the large number of potato varieties albkland the fast breeding of new varieties, some
old varieties are still important and are the easifor valuable genetic information (e.g. Bintje,
King Edward, Russet Burbank etc). Meristem clonéhk wnproved traits would be helpful for all
potato growers — disease resistant meristem cheitbesiniform tuber shape and size and with high
yield capacity would enable one to reduce thezatiion of chemicals and other costly inputs.
Consequently production would become more favoerabblogically and economically.

The variability of potato genotypes was plased undietailed observation from the disease
resistance point of view. The genetic resistancédoterial and fungal disease enables one to
produce potatos using environmentally friendly moeh Therefore the genotypic reaction of
breeding material and old varieties to diseases stadied (Pascet al, 2006; Lebeckat al,
2006).

Our current knowledge says that the selection afigteen clones with favourable characteristics
enables us to improve old as well as new potat@tes. Having a close cooperation with local
potato breeders, the promising new selections svaght to our lab for examination, meristem
culture establishment and for the selection of stem clones with the best characteristics. Only
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then the breeding procedures with the improved nateontinue. Such cooperation makes our
research directly applicable in practice.

Materials and Methods

The cultivation of meristem clones and the prepamadf test material.Meristem tissue of
0.2-0.3 mm in size was cut from apical or latenadld of green plants that had passed
through 6—8 weeks of thermotherapy treatment 343%h and 33—-35°C 8h. Usually 20—
30 explants were cut per variety. The explants warkivated on Murashige-Skoog
medium modified by EVIKA. The plants regeneratedhim 4-12 weeks. Fast developing
plants with stem-length 8-12 cm and with a devedopmot primordial were selected for
further studies. Regenerants with chlorotic andoatmal leaf or stem shape that remained
short and did not develop any roots were elimindtech the tests. The first selection was
made at the stage of first meristem plants. Thecsad meristem plants were propagated
vitro by means of microcuttings. The progeny of eachisten plant was the basis for the
meristem clone. One part of the meristem clone tplaamainedin vitro, the others,
usually 3 of each clone, were used for virus diatjns. The ELISA-test was used for
PVX; PVS, PVM, PVA, PVS and PLRYV identification. &virus-free plants were selected
for further trials. The plants of meristem clonesrgpropagatenh vitro and in plastic rolls
and were used for the cultivation of the first gatien tubers in the field. Simultaneously
one part of each meristem clone plant was presenveitto

The varieties. The following potato varieties wesed in the tests: Agrie Dzeltenie- from Latvia,
released in 1962, medium early; Juku -Estonia, omedate; Piret - Estonia 1998, medium late;
Eba, Holland, medium late; Ants, Estonia 1980, mediate; Bintje - Holland, 1910, medium late;
Vigri -Estonia 1980, medium late.

Field trials.The field trials were conducted in ttest field of EVIKA in 1994-2003 in North-
Estonia. First generation tubers were used for year trials and every following year the second,
third or fourth generation tubers were used re$gadgt The trials were set in 4 replicas, 40 tubers
per plot. The random block- placement in 4 repmigiwas used.

The same agrotechnical procedures as in produftéilols were used in the trials. The potatos were
fertilized with the complex fertilizer Cropcare 10-20, 50 kg N, 50 kg P ad®0 kg K ha™ The
soil type was different every year. The plantimgetidepended on weather and varied from May 8
to 25" as well as the harvesting time — from SeptemB&o20". Chemical weed control was used
when needed and the potatos were hilled up 2—3tomeng the vegetation period. There was no
chemical disease or pest control made in the ieddsf

The potato plants were monitored during the whaleming period. The speed and quality of
emergence, the intensity of flowering and infectwith late blight was evaluated. The number of
tubers per plant was counted and the weight ofubers was measured at harvesting. The results
were analyzed statistically using dispersion arnslys

The tests of the meristem clones for resistandatéoblight. The infection rate @ vitro
plants with pure cultures of various stemsRofinfestanswas tested in the lab. Pure
cultures were cultivated on rye agar and the lajéungus was washed with sterile water
to make the suspension necessary for inoculatibe. liuid was then filtrated through 2
layers of cheesecloth. The concentration of conihia determined under the microscope
at 120-fold magnification. Plants develogadsitro from microcuttings were infected with
a suspension of conidia with a concentration of5P6€onidia at the field of view of
microscope. After inoculation the plants were maimedin vitro at a temperature of 20—
21°C and photoperiod 18 hours. The resistand®. infestansvas evaluated visually and
expressed as the percentage of late blight injle@idarea, starting on th& 8lay after the
inoculation until the death of the plants. In thedd the infection rate of potato late blight
and its development was evaluated visually. Thegdages of injured leaf area before
potato harvest and infected tubers are given.
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Results and Discussion

The aim of our research was to study the agrondraits of potato meristem clones like yield
capacity, the starch content of tubers, resistangaotato late blight as well as the morphologic
characteristics of plants. We studied many vasetiedifferent origin and age, new as well as old
varieties. Special consideration was bestowedon the old and widely grown variety in Europe —
Bintje. The yield capacity of meristem clones wasded. Special attention was given to the
tolerance of late blight since the variety is knotenbe especially susceptible B infestans
infection. The data in figure 1 show that the yiatdwell as the number of tubers of all 7 varieties
varied. The large variations occurred in the cdsaldbas younger varieties. In figure 1 among the
presented varieties, the oldest are Agrie Dzelt@froen 1962) and Bintje (1910).

In the same figure the varieties Juku, Piret antsAne the younger varieties, all less than 20syear
During field monitoring it was observed that thamik of the meristem clones with a higher yield
capacity had more shoots, uniformed bush and nméeesive flowering than other clones.

Several studies with other varieties have shown itieristem clones may differ in their starch
content in tubers but also in their disease rasistg Rosenbergt al., 2007 *,2007 2, 2004).
Interesting results were obtained with the vargeBintje and Ants (Tables 1, 2).

Four meristem clones of the variety Bintje weredsd thoroughly and one was found to be
more resistant to late blight than the others. Tilgher resistance was detected inrnvitro
plantlets and in the field, where less infectionsvadoserved on the veins, leaves and on the
tubers. In the same plots the infection startesr |athe same meristem clone was superior to the
others also for yield, the starch content of tulaers for the uniformity of the plant canopy.

60 12
* . e 10
40 + | H 38

T6wn

& 20 |22

3 0 : 009

> Agrie . Juku Piret Eba Ants Bintje Vigri z

Dzeltenie

m Min yield, t ha™ 324 26.5 32.9 26 33.9 30.2 19.5
m Max yield, t ha™ 51.5 34.1 38.4 47.5 51.8 51.8 29.0
mMin No of tubers 5.6 8.1 6.6 7.3 6.5 5.8 8.1
& Max No of tubers | 7.8 10.5 8.8 9.3 8.0 8.9 9.8

Figure 1. Variation of yield and number of tuber pkant on meristem clones* of different potato
varieties
*Agrie Dzeltenie-16 clones, PD 95 % = 4t®a™; PD 95 % = 0.7 tubers plarit Juku-10 clones, PD 95 % =
3.2; PD 95 % =0.4 tubers plant Piret- 10 clones, PD 95 % =2.6; 0.8 tubers pfariba- 6 clones, PD 95
%= 4.2t ha™; PD 95 % = 0.4 tubers plant Ants-5 clones, PD 95 %= 4.3 t HaPD 95 % = 0.7 tubers plant
"1 Bintje-4 clones PD 95 % = 3.6 t HaPD 95 % = 0.8 tubers plan Vigri-11 clones, PD 95 %= 2.7 t Hfa
PD 95 % = 0.3 tubers plaft

In the variety Ants there was no clear correlati@tween resistance to late blight and yield. For
instance, the most resistant meristem clone gaseyitid of 38.1 t hd as an average and the
moderately susceptible clone — 51.8 Thdariety Ants is relatively resistant to late titgtself
and therefore the infection B infestanslid not affect the yield remarkably.
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Table 1. The resistance of the meristem clonet@ivariety Bintje tdP. infestansn vitro and in
field

Clone P. infestansnjured leaf area oim vitro plants,  Late blight in the Late blight infected
No % field, % tubers, %
4.* 6. 13. 20. 31. 1994 1995 1994 1995
832 55.8 77.7 100.0 0 72.0 38.0 40.0 25
0 22.1 77.7 100.0
834 22.2 33.3 66.7 100.0 88.0 38.0 17.5 0.0
0 11.1 45.0 100.0
836 333 44.4 77.8 88.9 100.0 53.0 10.0 10.0 25
11 33.3 55.5 100.0
839 333 66.7 100.0 42.0 9.0 20.0 5.0
0 22.2 78.9 88.9 100.0

* days after inoculation with suspension Bf infestangonidia

Table 2. The resistance Ro infestan®f meristem clones of variety Anits vitro and in field

Injured leaf area on3 Injured leaf area on  Late blight in the Yield,

Clone day* onin vitro plants, % 26" day* onin vitro field, t ha' (2 years

No AF* B A B plants tubers average)
1 66.7 0 100 100 8.6 0 45.0
4 33.3 0 100 33.3 3.8 0 51.8
5 33.3 0 100 0* 1.0 0 39.5
12 33.3 66.7 100 100 1.8 0 33.9
815 0 0 100 11.1 14 0 38.1

* days after inoculation with suspensionRfinfestanconidia; ** A, B —P. infestanstems

We had a research programme designed to studyo$shgities of using somaclonal variation
caused by the meristem culture in potato breediig.hoped to find genotypes which showed
greater variation in agronomic traits that use imeristem culture, to the select best meristem
clones with a heritable character of agronomiciatigortant properties. There were two varieties —
Anti and Juku — and one breeding number J1488-8Beanests. The results demonstrated that the
highest variations in agronomic characteristicsuosd in the variety Juku. The breeding number
J1488-88 was characterized by the highest variationesistance tdP.infestans(Koppel and
Rosenberg, 1998).

Special trials were conducted with the variety Eba@rder to study the correlation between the
yield and the characteristics of meristem clonabthe correlations between the characteristics of
the mother plant and the meristem clones of itspofiig. The meristem clones of the variety Eba
differed also in their starch content. The starghtent of the seven tested clones varied from 163
to 176 g kg*. The starch content of the meristem clone No 388 170 g kg'. The number of
tubers per plant varied from 10.3 to 14.8 (3373)e Pplants’ conditions varied according to a 5-
point scale from 2.5 (3373/333) to 5.0 (3373). Ae tJogeva Plant Breeding Institute the
susceptibility of tubers tdP. infestanswere tested by a one time artificial infection.eTh
susceptibility of the four meristem clones of thagigty Eba varied from 2.24 to 3.06 points, the
most susceptible being the meristem clone 3373 (Bdints). According to the same tests the
susceptibility of 5 meristem clones of the vari®yemiere varied from 2.53 to 3.07; the 13
meristem clones of the variety Vigri from 3.34 t4% (Rosenberg, 1995).

The intensity of virus biosynthesis and the susbgipy to the viruses in the meristem clones of
the same variety as well as in the meristem cloagsnerated from the meristem operated from
different parts, apical and lateral buds of shawoinature flower bud of the same plant, were
studied. Also the biosynthesis intensity of PV Xhe 17 meristem clones of the varieties Premiere,
Eba and Kondor and PVM in 27 clones Vigri, Eba, Honand Premiere. The higest relative
resistance to PVX was found in the meristem cldfies 3373; Kondor 1065; Premiere 804 and to
PVM - in Eba 1000; Kondor 1; Premiere 356 and V&ft8. The dependence of virus resistance of
the meristem clones on the location of meristettméplants was established. All varieties showed
the highest degree of virus biosynthesis and stibdép to PVX and PVM in the meristem clones
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obtained from apical buds of soot, the lowest & tlones from a lateral bud of soot (Agur and
Rosenberg, 1999).

The differences between the meristem clones irttineent study can be considered as somaclonal
variations caused by the meristem culture. Theatbdity of the meristem culture is in between the
intact plant culture and the callus- and cell a@tuThere are no lethal chromosomal or gene
mutations in the meristem culture as a rule buftbguency of point-mutations can be higher than
in intact plant culture. It is assumed that theistem culture itself produces only small amounts of
somaclonal variations but the variability can beréased by the other factors such as the high
concentration of growth hormones in the nutrientdime, the labiality of varieties, or other
factors. In our disease eradication process itbeaassumed that the variations may have occurred
during the heat treatment, before the operatioth@fmeristem. Special trials are being conducted
in order to study the influence of high temperaduva the frequency of somaclonal variations in
the meristem culture. The results should be obdsime few years.

The somaclonal variation caused by the meristertuigiis not very well studied yet. However,
data exist about the somaclonal variations initiatethe callus culture and its utilization in ptota
breeding. In trials with plants regenerated frora tallus culture of 14 varieties, differences in
canopy growth, tuber yield and ripening time webseyved. Most of the somaclones were with
negative traits already in the early stage of dgualent. Positive mutations were detected only on
1% of the plants. The extent of variations in tldlus culture depended remarkably on variety
(Thieme and Griess, 1996). Sometimes the variatimaisoccur in the callus culture may lead to a
variety or new clones resistant to late blight (€&sand Komaletdinova, 1998).

The previous studies with many varieties evidergtealv that meristem clones may differ in their
yield, starch content in tubers and also in diseesistance. It is possible to improve the agrogomi
traits of potato varieties by selecting the menstelones with suitable characteristics. This
methology can be and should be used in seed potatiuction and in plant breeding before their
propagation for seed production. As it was expldiabove we make the first positive selection
already at the first stage of meristem cultivatife discard all abnormal chlorotic regenerants and
continue trials only with the well-developed andarious plants. However, we have noticed that
the initially abnormal plants can sometimes devétdp normal ones after many subcultures done
over a long period of time. So far we have notistlidhe characteristics of such initially abnormal
plants. The necessity to select the virus-eradicateristem clones and to study their propagation
is also emphasized by Hungarian authors (Fisthl., 1988).

Our experience has shown that the variability ofristem clones serves as excellent tool in
improving the yield and other agronomic propertéthe potato varieties. For instance — the tubers
of the variety Ants were not of uniform shape. @ftee tubers were too elliptical or narrower from
one end. Now the tubers of the selected meristemechare of uniform shape and the meristem
clone is propagated in seed production.

Conclusions

Our experience has shown that the variability ofistem clones can serve as a valuable tool in
improving the yield and other properties of potesnieties. We have not detected deviation from
true-to-type morphological characteristics. Howewame meristem clones differ in the intensity
of flowering, the height of stems and the unifognaf plants.

We can conclude that before supplying the seegrmduction it is necessary to test the meristem
clones in field trials. Good quality initial matarican be obtained and it can be multiplied fodsee
production by using rapid multiplication methodsheTstudies of resistance to viruses d&hd
infestansprovided a lot of interesting data but this isseeds more detailed study. and so does the
possibility to use the somaclonal variation in plareeding.

In the future detailed studies about the variaiohmeristem clones, their genetic pattern and the
possibility to improve the tolerance of the vaestto virus, bacterial and fungal diseases areggoin
to be developed furthur.
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KARTUPE LU MERIST EMU KLONU MAIN IBA - JAUNI FAKTI ZIN ATNEI UN
PRAKSEI

Rosenberg V.Kotkas , K., Sarekanno, M., Ojarand, A., Vasar, V.

Virusu samaziasanas procdulas gail atveséotie augiin vitro tika uztugti ka merisemu kloniin
vitro. Katras izdatas meristmas @cnacgji bija izejas matesils merisemu klonam. Katra klona
agronomiski nounigas pazmes tika noertétas lauka izréginajumos. Meristmu klonu iztutha
pret lakstu puvi tika noteiktia vitro limeri, augus raksligi inficgjot ar Phytophthora infestan&a
af lauka apgiklos. Vaigk ka 600 meristmu klonu, kas ie@iti no 40 &irnem, tika (&titi ilgu laiku.
Rezuléti parada, ka merigmu kloni at&iras razas, cietes saturag & slimibu iztuibas zha.
Pientram, %irnes ‘Agrie Dzeltenie’ 16 merisinu klonu tfs gadu vidja raza vaja no 32.41dz
51.4 t ha™. &irnes ‘Bintje’ viens merigimu klons @rsggja citus ar augstu izttou pret lakstu
puvi, lielaku razu un cietes saturukiSiei ‘Ants’ netika konsta@ta sakaiba starp jugumu pret
lakstu puvi un raZu. Iztigaka merisemu klona raza bija 38.1 t hq bet vidji izturiga klona raza
bija 51.8 t ha'. M&s varam seciit, ka ir iespjams uzlabot l§rnes agronomisis ipa3bas atlasot
merisemu klonus, Sis fenomens ir izmantojaraklaudzSara un selekcij.

BREEDING OF WINTER WHEAT FOR END-USE QUALITY

Ruzgas V., Liatukas Z.
Lithuanian Institute of Agriculture, Instituto aefl, Akademija, Kedainiai distr., Lithuania
LT 34588, phone 370 347 13192, e-maizgas@Izi.lt

Abstract

The winter wheat varieties ‘Ada’, ‘Alma’, ‘Milda*Tauras’ and ‘Seda’, corresponding to different
groups of end-use quality, have been developdtkdtithuanian Institute of Agriculture during the
last decade and included in the Lithuanian Natidtaht Variety List. The new varieties are of
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different earliness. The earliest-ripening varigtyAlma’. It can be harvested one week earlier
than the well known variety ‘Sirvinta' and 2-3 weedarlier than ‘Zentos’. The variety ‘Ada’ is the
second in earliness and has the same length ofimgaeriod as Sirvinta’. The varieties ‘Milda’
and ‘Tauras’ ripen one week later compared to i6iav, ‘Seda’ ripens 10 days later. The best
composition of HMW subunits predicting high qualay Glu-Al 1; Glu-B1 7+8 and 7+9; Glu D1
5+10 has been determined for the varieties ‘Alniililda’ ‘Tauras’ and ‘Ada’. The mean
sedimentation value of the varieties tested waslamvs: ‘Alma’- 64 ml, ‘Milda’- 62, ‘Ada’- 53,
‘Tauras'’- 53, ‘Sirvina’- 52, and ‘Seda’- 22 ml. Tiserongest flour was produced from the variety
‘Alma’, excellent from ‘Ada’, ‘Milda and 'Tauras’'The variety ‘Seda’ is intended for alcohol
production and confectionary. All the varieties aharacterized by a high Falling Number index.
The yield penalty grain loss, associated with high quality declif@dthe varieties ‘Ada’, ‘Milda’
and ‘Tauras’. The varieties are high yielding arel éharacterized by strong and elastic gluten.

Key words: winter wheat, breeding, bread- making quality

Introduction

The winter wheat breeding programs of the Lithuariisstitute of Agriculture (LIA) are divided
into the following groups according to their ultiteadargets: early- ripening varieties with a high
protein content and very strong gluten; early- medripening varieties with high bread-making
quality; medium-ripening, high yielding varietiesjth satisfactory bread- making quality; late
ripening high yielding varieties not meant for lireanaking purposes. For the milling industry it is
necessary to have a large range of wheat varigtig@soduce flour mixtures because the baking
industry requires raw material with specific prageg characteristics.Increasing yield potential
while maintaining desirable industrial quality istran easy task because increases in grain yield
usually result in decreases in protein, which ie ofh the major factors defining the industrial
quality of wheat (Pena, 1996; MaSauskienal., 2001).

During the last decade, 5 winter wheat varietiegrasponding to different groups of end-use
quality, have been developed at the Lithuanianitinist of Agriculture. The strongest flour was
produced by the variety ‘Alma’, excellent by ‘AdaMilda and 'Tauras’. The variety ‘Seda’ is
intended for alcohol production and confection&yZgas, 2003).

In this article we presented the results of theedtigation on end use properties of the new
Lithuanian winter wheat varieties, included in tNational Variety List, conducted during the
period 1998-2006.

Material and Methods

The field experiments were carried out in a repdidayield test in Dotnuva during 1998- 2006. The
plots were 15- 20 min size. The soil of the experimental site BEadocalcari-Epihypogleic
Cambisoil,of neutral acidity pH 7. It contained 1.3 g korganic carbon (2.2 g Kdhumus) in the
plough layer and was moderate in available phosghand potassium. N 90 kg heertilization
was applied annually. On the basis of eight yedrexperiments the data of 7 varieties were
processed. The varieties were characterized usamdptiowing parameters: protein content by the
Kjeldahl method (LST 1523:1998), wet gluten in flpdetermined according to the Lithuanian
standard LST 1522:2004, sedimentation value, déteanby the methods of Zeleny (LST
1498:1997) The rheological properties ( mixing etahce in minute and other traits) were
investigated and recorded by the Brabender's Fgna@dLST 1696:2001;ICC 115/1:1992 , alpha-
amylase activity by the Hagberg Falling Number rodtLST ISO 3093:1982). The grain quality
index is a composite index including several of grader's pharinogram indexes: dough
developing time, stability and softening. The cosipon of HMW subunits was analyzed using
sodium dodecyl sulphate- polyacrylamide gel elgtovesis. For classification the system
proposed by Paynet al, was used (Blacmaet. al., 1987). The statistical data were processed
using the software ANOVA and STAT_ENG (Tarakanoaad Raudonius, 2003).
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Results and Discussion

The investigations of grain yield performance shawlat all winter wheat varieties bred at LIA
were higher yielding compared to the early riperghgck variety Sirvinta (Table 1). Compared to
the late ripening check variety ‘Zentos’, ‘Seda’sifaund to be higher yielding, which belongs to
late ripening group also. The mean yield of ‘Adalsaclose to that of the check variety ‘Zentos’.
The highest gluten content was estimated in then grithe varieties ‘Alma’ and ‘Milda’, flour
output ‘Milda’ and ‘Tauras’. All varieties were dfeterized by a excellent Falling Number index.

Table 1.Yield and quality characteristics of théhuanian winter wheat varieties, Dotnuva, 1998-
2006

Grain High molecular weight
Yield, Gluten Output of Falling ’ glutenins ’
Variety t ha' content, flour, number, s
g kg* g kg* ’ Subunits Scores
Sirvinta 5.77 292 720 345 1; 7+9; 5+10 9
Zentos 7.14 254 730 375 0;7+9;5+10 7
Alma 6.32 312 720 366 1; 7+8; 5+10 10
Ada 7.03 278 720 371 1;7+9; 5+10 9
Milda 6.74 306 740 361 1; 749; 5+10 9
Tauras 6.85 267 730 338 1; 74+9; 5+10 9
Seda 7.28 230 690 329 0; 6+8; 2+12 4
LSDg 5 0.42 21.4 11.7 335 - -
LSDg 0.74 28.6 15.6 447 - -

The dough quality is one of the most important ezt onabling one to predict the final bread-
making value of the winter wheat variety. The étdistof the dough was measured by Brabender’'s
pharinograph, whose operations are based on physiethods. The diagram (pharinogram)
showed direct indexes: water absorption, doughldpirgg time, stability and other traits (Table 2,
Figure 2).

Table 2. The dough rheological characteristichefew Lithuanian winter wheat varieties

. : Brabender’'s
. Water absorption, Dough developing Dough s
Variety g kg* time, min stability, min quality index
Ada 627 5.6 10.2 112
Alma 629 4.4 12.4 122
Milda 619 5.1 8.1 99
Tauras 597 3.7 8.2 92
Seda 565 2.1 2.9 41
Sirvinta 621 3.7 6.3 77
Zentos 620 2.9 6.0 67
LSD 0.5 16 1.0 1.4 -
LSD 0.1 21 1.4 1.9 -
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Figure 1. Protein content (g Kg sedimentation Zeleny index (ml) and grain qyafidex

It is possible to consolidate all traits in the ccddited Brabender’'s quality index. The
pharinograms precisely showed the dynamics of thegld development characteristics of the
individual varieties Figure 2).
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Figure 2. Dough rheology of the new Lithuanian winvheat varieties, Brabender's
pharinograms, 2006.

This study involved 5 new varieties bred at LIA am checks, the local early ripening variety
‘Sirvinta’ and the late ripening ‘Zentos’. The nearieties are of different earliness. The earliest
ripening variety is ‘Alma’. It can be harvested oweek earlier than the well known variety
‘Sirvinta* and 2-3 weeks earlier than ‘Zentos’. Tvariety ‘Ada’ is the second in earliness, and has
the same length of growing period as Sirvinta’. Theeties ‘Milda’ and ‘Tauras’ ripen one week
later compared to ‘Sirvinta’. ‘Seda’ ripens 10 dégter. The ripening time is very important for the
actual arvesting time, because the amylases of lebehpripe varieties are more active compared
with those of the varieties with late developingpés.

The prediction of a bread-making quality of wintgheat varieties by the analysis of HMW
glutenin subunits is an important point in the asctdof breeding programs. On the another hand,
the electrophoretic HMW glutenin tests are a prapethod to test the genetic makeup of the new
varieties, to verify if the variety is homosygousrmt. The best composition of HMW subunits
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predicting high quality as Glu-Al 1; Glu-B1 7+8 and9; Glu D1 5+10 has been determined for
the varieties ‘Alma’, ‘Milda’ ‘Tauras’ and ‘Ada’ (&plauskiead and Ruzgas, 2002), (Table 1).

The sedimentation value indicates the protein gualfhe mean sedimentation value of the
varieties tested was as follows: ‘Alma’- 64 ml, IN&'- 62, ‘Ada’- 53, ‘Tauras’- 53, ‘Sirvina’- 52,
and ‘Seda’- 22 ml (Figure 1).

Varieties with sedimentation value exceeding 4Carel considered as good, those exceeding 50 as
exhibiting excellent bread-making quality. Sedinagioih value below 30 ml is characteristic of
wheat varieties with weak dough quality. Such & are intend for confectionery, alcohol
production or starch separation.

Protein content is one of the more important initsa of grain quality for the bread making
industry and one of the desirable traits of wheatountries with color climates. The Lithuanian
wheat breeding programmes are focused on protginovement and the mean protein content of
the new winter wheat varieties is relatively highwas found, that during the experimental period
the mean protein value was as follows: Alma’- 14@ilda’- 133, ‘Ada’- 131, ‘Tauras’- 127,
‘Sirvinta’- 131, ‘Seda’- 117 g K§ The mean protein content in the grain of the kheariety
‘Zentos’ was 122 g k§

The grain yield of the variety ‘Alma’ was the lovie®mpared with the other varieties (Table 1). It
confirmed the conclusions of other authors thaingpaotein content is negatively correlated with
grain yield (Bhatia, 1975). The equation of regims®f the investigated varieties was y= 21.96-
1.20x (x- protein content, y- grain yield); F= 2@ coefficient of determinatiorR’= 0.74; t=
3.10. However, this statement is true when vasew@h extremely high protein content or very
strong dough properties are included in the expammThe correlation between protein content
and yield, except for the variety ‘Alma’, was ndgatbut not significant: y= 16.55- 0,76x; F=5.28;
R’= 0.40; t= 1.23 because the varieties ‘Ada’, ‘Mildad ‘Tauras’ were high yielding and had
strong gluten.

Investigations by Brabender's pharinograf provigdoimation about dough properties. It is
important to predict the technological featuredhs varieties: the water absorption of the flour,
dough development time, stability and mixing tofer@, to decide the quality group of a particular
winter wheat variety. The highest mean water gitgm was indicated for the varieties ‘Alma’
and ‘Ada’, the lowest for ‘Seda’. The highest memugh development time was indicated for the
varieties ‘Ada’, ‘Milda’ and ‘Alma’. The longest dgh stability time was found for the varieties
‘Alma’, ‘Ada’ ‘Tauras’ and ‘Milda’. According to Babender’s quality index the varieties ranked in
the following order: ‘Alma’, ‘Ada’, ‘Milda’, ‘Taura’, ‘Sirvinta‘ , ‘Zentos’, ‘Seda’.

The mixing tolerance showed dough elasticity. 684" and “weak’ flours produce dough with
very different mixing properties. The difference inda results from the quantity and quality of
protein. Different food stuffs prepared from wheetjuire very different flour strength for their
manufacture. The new Lithuanian winter wheat vaagehave different elasticities of dough. The
strongest flour is determined for the varietiesmal and ‘Ada’, moderately strong for ‘Milda’ and
‘Tauras’, ( Figure 2), week for ‘Seda’. The graumatjty index of those varieties was 122; 112; 99;
92; 41 and dough stability time 12.4, 10.2, 8.2,8hd 2.9 min., respectively.

The correlation between protein content and mixioterance was high, the coefficient of
determination was & 0.58*, equation y= -53.61 + 4.76x (x- protein tnt, y- mixing tolerance,
min.), F= 10,84*. The correlation between the seditation index and the mixing tolerance was
lower, R= 0.42, equation y= -0.96 + 0.15x (y- sedimentatiodex, x- mixing tolerance). F=
5.73*. The variety ‘Seda’ was characterized by kvgluten. Actually, this variety was bred for
alcohol, confectionery and other purposes.

One of the most important traits of winter wheaflésir output, which is the percent of flour type
550 obtained from whole grain in the milling proge$he highest output was estimated for the
varieties ‘Milda’, ‘Tauras’, and ‘Zentos'. All thevarieties were characterized by high
resistance to pre-harvest sprouting. This was shoywie Hagberg Falling Number index, highly
correlating with pre-harvest sprouting and alphaylase activities (Blacmanet.al,1987). The
highest Falling Number index was characteristictloé varieties ‘Zentos’, ‘Ada’, ‘Alma and
‘Milda’. In general, all the varieties had a FafliNumber index exceeding the 250 levels required
for bread-making wheat and are suitable for highliguproduction. This trait is very important for
Lithuania and other counties with high air humidéy harvesting. Varieties for confectionary
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should exhibit low protein content, sedimentatia@iue, but a high Falling Number index. The
variety ‘Seda’ possesses the mentioned features.

Conclusions

The winter wheat varieties ‘Ada’, ‘Alma’, ‘Milda*Tauras’ and ‘Seda’, corresponding to different
groups of end-use quality, have been developdtkdtithuanian Institute of Agriculture during the
last decade and included in the Lithuanian Natid?laht Variety List. The strongest flour was
produced by the variety ‘Alma’, excellent by ‘AdaMilda and 'Tauras’. The variety ‘Seda’ is
intended for alcohol production and confectionadyl. the varieties are characterized by high
Falling Number index. The highest output of flowp€ 550 was estimated for the varieties Milda
and Tauras. The yield penaltgrain losses associated with high quality was ceduin the
varieties ‘Ada’, ‘Milda’ and ‘Tauras’. Those varies are high yielding and are characterized by
strong elastic gluten.
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ZIEMAS KVIESU SELEKCIJA DAZADIEM IZMANTOSANAS VIRZI  ENIEM

Ruzgas V., Liatukas Z.
Pedeja desmitgad Lietuvas Zemkofbas instiiita izveidotas piecas ziemas kvieddrges — Ada,
Alma, Milda, Tauras, un Seda, kas pafdz atgirigiem izmantoSanas virzieniem un lektas
Lietuvas nacioalaja augu &irnu katalog. Jaumds %irnes atgiras fgc to agtnuma. Visaginaka ir
&irne Alma, kas nogatavojas re¢d atrak, neki labi zirama &irne Sirvinta un divas —18 nedlas
agmk par %irni Zentos. §irne Ada ir otra agnaka un nogatavojas vienlagi ar irni Sirvinta,
bet &irnes Milda un Tauras pilngatéoas fzi sasniedz nedu \elak. Visvelinaka ir Skirne Seda,
kas nogatavojas 10 dienaslak nekd irne Sirvinta. &irnem Alma, Mild, Tauras un Ada
konstagts latakais lipeka sastvs - Glu-Al 1; Glu-B1 7+8 un 7+9; Glu D1 5+10, kasdroSina
labu maizes kvaliti. Skirne Seda ir piegrota spirta razo$anai un konditorejas dtjumu
gatavo3anai. ViBn &irnem ir augsts krisanas skaitliskiBiem Ada, Milda un Tauras nav
konstatta hitiska negata korekcija starp graudu razu un kvalit- tam ir augsts razas poteals
un vienlai@gi af stiprs un eladgs lipeklis.

140



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

POTATO TESTING FOR WART RESISTANCE IN BELARUS

Sereda G.M., Zhukova M.I., Gurlenya N.N.
RUC Institute of plant protection, 223011, Mira &tp. Priluki Minsk region, Minsk district,
Belarus; phone: +375(017) 5092658, e-maititectpotato@tut.hybelizr@tyt.by

Abstract

The analysis of studying in Belarus the most damgerand quarantine-important fungus
Synchytrium endobioticur(Schilb.) Perc — potato wart agent is presented in the artiClee
necessity of the immunological evaluation of thdapm seed material for wart resistance is
fortified. The conditions of preliminary and statsting of selection samples in the quarantine
stationary plot of the RUC “Institute of plant peotion” in accordance with the methods of potato
testing for wart resistance are examined in thepa

It is shown that in preliminary and state testimg fesistance to the (D1) potato wart agent
pathotype among the studied hybrid potato matdr@h the leading breeding institutions of
Belarus and Russia for the period of 2003-20078%Xesistant samples were isolated.

While determining the wart disease resistance @btieeding material on susceptible sample tubers
beside the usual incrustation form of potato wdfitction the infestation of three non-typical
forms: leaf, scab and corrugated are observed.

Considering the variations of wart-resistant potstmples injury, the necessity of carrying out not
less than two years selection material state tpstinvart resistance under different field condiso
was undertaken in Belarus.

Key words: potato, potato wart disease, resistance

Introduction

Among potato diseases the wart disease is disshgdiby its harmfulness caused by the fungus
Synchytrium endobioticui®chilb.) Perg and is a quarantined object in Belarus. Thetpotaart
focus was discovered for the first time in 1939Belarus. In 1956 potato crops inspected for
quarantine object contamination showed that theadis was spread in all six districts in private
plots and on 90 collective farms and state farms.

The demand for wart resistance variety breeding pudsahead at the State level by the ex-USSR
government decree dated October 20, 1947. Accotditigis regulation the period (till 1951) was
determined as a transition to the growing of waslistant varieties (Krishtofik,1998). Undertaking
the directed measures of wart elimination, inclgdinset of preventive and chemical measures and
also the introduction of agent-resistant varietgemye an opportunity to remove harmful disease
focuses in the rotation fields by the beginningraf 1980s. However, the solving of this problem
in the private sector turned out to be significatbmplicated. At present wart natural focuses are
not numerous, being observed in private plots ofttydemands constant monitoring of the
S. endobioticunfungus population condition.

The history of potato wart studies shows that tlestreconomical and ecologically safe method for
overcoming losses caused by the disease is thdiocreaf wart-resistant varieties and their
application into productionThe resistance trait has not lost its importandBalarus till nowadays
and it is compulsory for new variety breeding ameirtinclusion into the State Register of varieties
and wild breeds.

One should point out that the first scientific @®#es in the potato studies on wart harmfulness on
the territory of Belarus were carried out in thengabMinsk Scientific-Research Station on potato
wart. It was founded in 1947 by the collectiveBaflarusian phytopathologists under the guidance
of Academician N.A. Dorozhkin (Dorozhkin, 1948, B95Dorozhkin and Remneva, 1948;
Gandelman, 1950, 1953; Dorozhkin and Sharikov, 19&&arikov, 1951; Gorlenko, 1954).

By the foundation of the Immunity Lab at the Ingt# of Plant Protection the main direction of
potato wart research in Belarus was improvementgéty sample evaluation methods for disease
resistance in the pathogen infected backgroundsyieg out search of resistance sources to the
noxious disease. By evaluating wart resistancewhis the main demand according to which the
infected material should display the realistic pgén condition observed in the region.
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As a result of the intra-specific diversity stud@sa fungusS. endobioticunon the territory of the
Republic of Belarus in different agro climatic zenies non-equivalence was determined with the
discovering of not less than 7 geographic poputatidiffered by pathogen activity. Though, the
fact of their belonging to the same race was $tresttablished (Danchenko, 1974; 1978).

One of the stages of subsequent immunological atialu improvement of selection potato
samples for wart-resistance was the developmentusaaf the infected background with wart and
cyst-formating golden potato nematode at the bmstitof Plant Protection. It was giving an
opportunity to carry out simultaneously the evahraof resistance to two quarantine pathogens
(Tolkachiov, 1998; Portyankin, 2000) within one atite same experiment. However, it was
determined that the resistance evaluation at thmbowd background can not give 100% of
coincidence with the separate evaluation to evatiiggen. That is why it is preferable to use it for
preliminary testing of the first year hybrids.

At present all the public sector potato growingaar@re occupied only with the wart resistant
potato varieties.

For the necessity of immunological protection afwging potato varieties in relation to wart agent
the objective of the present research is seleaifopotato varieties by testing their resistance to
wart disease in preliminary and state tests. Thigndertaken and should be considered as an
inseparable part of the final stage of variety ttoma

Materials and Methods

Potato samples used as a material for the reseauh presented from breeding institutions of
Belarus and Russia.

The research was carried out at potato protectbnof the RUC «Institute of Plant Protection»
during the period of 2003-2007. The agro-meteoliokdgparameters of growing seasons of the
research period are presented in Table 1.

The preliminary testing was done in lysimeters uramgntine stationary plot by starting laboratory
and vegetation experiments according to the methofdpotato testing for wart resistance
(Saltykova and Tarasova, 1979; Portyankin and Tablicey, 2001).

The samples were planted in lysimeters in the coflerdinal number increase. In preliminary first
year testing 5 tubers were used, in the second-at@ tubers. The tubers were located in equal
rows (taking 20 pieces), tops upwards. A susceptdalriety Voltman served as a control basics
that followed 10 samples. The planted tubers wefecied with zoosporangium powder from the
calculation 0,5-0,75 g per every tuber. The amomas corrected depending on zoospangium
viability. The experiments were started in the afidApril till the first decade of May. Wart
infection of potato tubers was recorded at haredistr the disease expression on the sensitive
control variety.

Table 1. Agrometeorological parameters of vegetaiexiod of potato testing to wart resistance

Year Month
May June July
I Il 11 | Il 11 I Il 11
Average air temperature°
2003 134 15.1 17.9 16.3 15.0 14.9 175 194 21.2
2004 134 8.9 104 14.7 13.9 16.5 15.9 16.8 21.2
2005 9.4 10.2 17.9 14.0 16.4 16.2 18.8 20.6 19.3
2006 13.0 12.4 11.9 12.7 17.4 20.4 20.6 19.7 195
2007 7.0 14.0 22.0 19.3 20.7 15.9 16.1 18.9 17.8
Rainfall amount, mm

2003 114 45.6 6.5 55 18.7 19.2 94.8 24.3 29.2
2004 14 15 8 6 30 38 23 4 104
2005 28 75 26 47 18 17 6 12 30
2006 0 12.1 62.5 215 171 33.9 0 53.4 24.6
2007 22.0 29.0 21.0 0.1 10.0 39.0 35.0 17.0 69.0

Note — | — the first decade, Il — the second decHbe the third decade
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A year long State testing was accomplished unedd tonditions on the infected background by
checking the hybrids showing themselves as resistdh was based on comparison to the
preliminary evaluation data. Variety samples wergtdd on uniform relief quarantine stationary
plot, where a field infected background with the&cnd strong wart agent infection was formed.
The experimental plot soil was soddy-podzolic, filglam: humus content — 1.97%, soil pH -5.0.
Planting of the potato samples was accomplishetdrfirst half of May on one-row plots by the
scheme 70x 30 cm, taking 20 tubers in three replications. In evéoyr tested samples a
susceptible control — cv Voltman was planted. Dgirine planting water moistened tubers were
additionally powdered. Zoosporangium powder waslusgxed with sand in a ratio 1:1 from the
calculation 1-1.5 g per one tuber.

The infected variety samples were considered thes dhe plants of which have got the typical
symptoms for the disease - knots on tubers, stptowrs neck or outside parts. The susceptible one
considered to be hybrids having infection on orieetpat least, the resistant one — if not a single
sample tuber was infected.

Meteorological data of the Republican Meteorolobi€entre were used for the analysis of
hydrothermal resources of vegetation period faverédy potato wart development.

Results andDiscussion

By the results of the research done in prelimiriasying for resistance to common (D1) potato wart
pathotype among the hybrid material in 2003-20@rdlwere isolated from 82.3 to 100% resistant
samples depending on year (Table 2).

Table 2. Resistance of breeding samples to comotatopvart pathotype (quarantine stationary pldyifuki

Minsk region)

Type of testing Year Resistant samples observed, %

2003 86.4

2004 85.6

Preliminary 2005 85.7

2006 100

2007 82.3

2003 91.3

2004 92.5

State 2005 93.8

2006 94.1

2007 866

Preliminary and State 2003-2007 89.8

For the period 2003 - 2007 more than 90 potatoetyarsamples from the leading breeding
institutions of Belarus and Russia were under Stging to the common wart pathotype. As one
can see in Table 2, 86.6-94.1% among the variair@ed out to be resistant to quarantine disease.
One should point out that a significant amountaitigble selection material was presented from the
Scientific and Practical Centre of the NAS of Bataon Potato, Fruit and Vegetable Growing.

So, for years of research in preliminary and Statds nearly 89.8% of potato varieties have
determined their resistance to the disease.

It should point out that under lysimeter conditiams tubers besides usual knot form of wart
infection, three non-typical forms of wart infeatiovere detected: leaf, scab-like and corrugated.
Such forms of disease expression were observeldeaiested hybrid material.

There was also a control checking of wart-resigtastability among the regionalized
Belarus potato varieties in 2006-2007. By suchrapgm on the infectious background in
lysimeters and following the methods of preliminsegting they were evaluated from the
early group - Axamit, Dolphin; semi-early — Archjd3ina, Odissey, Yavar; semi-ripening
Zhivitsa, Krinitsa, Rosinka, Scarb, Talisman; séate — Zarnitsa, Vetraz, Lasunak and
late ripening — Alpinist, Orbit, Zdabytak, Atlarftemp, Vytok. There were no typical signs
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for the disease in the form of wart knots formatiorthe radical stem zone and in formed
tuber yield on plants of all tested variety sampl&his proves the expression of resistance
sign to the quarantine object in the varieties bgilog to wart-resistant ones in relation to
the common pathotype of potato wart agent.

The analysis of detected resistance to wart amoteggvariety samples in State testing shows the
variation of the given index from 86.6 to 94.1% iagathe expected 100% as only the samples
having resistance in preliminary tests had beereutasting. Meanwhile, by testing potato variety
samples to wart resistance one should evaluateotiditions it has been carried out, as well as, the
physiological condition of plants being analyzedisT can be determined by many factors:
temperature and moisture parameters, planting tiseed material size and reproduction, its
phytosanitary condition and etc. The possible grilee of such factors on plant and the process of
its infection by obligate parasite were noticed Byglish scientist S.Tarr (Tarr, 1975). The
importance of scientific studies on this questioaswproved by the research carried out in the
Ukraine (Melnik, 2005). It showed that under thdluence of different conditions of the
environment not only the expression of the disdagealso the parasitic activity of potato wart
agent has been changed as well. This includesessipn of aggressive races and also its
specialization, both, the biological one and theaggpe specific.

The results of our research have proved the benefitbove-mentioned positions. Considering
weather changes analysis based on the averagargietature data and rainfall amount in July, soil
temperature at the depth of 10 cm during vegetatitalows (Figure 1), their parameters were not
always suitable for potato wart development (ttexditure data optimums are averaged) and varied
by years. As it is known, the influence of envir@mtal conditions may stimulate the differences
in potato sample reaction to wart infection, théetiées both from resistant and susceptible group.
An important role in pathogens development canlageol by average air temperature, especially
the one higher than 18°what is of optimal for the fungus development. \Bning and Darling
(2005) indicate a change of host-plant susceptibith S. endobioticuminfection at different
temperatures of inoculation (10°15°C and 20T). So, a year’s field testing of potato samples to
wart-resistance is not enough for the final evatumabased on the given trait as it is acceptetien t
Republic in State testing practices at presenstifiulates the necessity of introduction potato
selection samples testing for potato wart resigtanader field conditions in different by
hydrothermal resources vegetation periods (SeredaZbhukova, 2006) in State testing in Belarus
for the period of not less than two years.

Moreover, as a result of presence the ecologiahlbémiogical prerequisites for new pathotypes of
wart can be observed in the Republic of Belarugs Tégards a possible change of potato varieties
reaction to contamination by phytopathogen due rniéavorable for the disease physiological
conditions inside host plant cell what perhaps wl@te the expression of three more non-typical
forms apart the common knot form of wart infectieteaf, scab-like and corrugated. A systemic
control of wart resistance among the varietiesiatikd in the Republic of Belarus will possibly
become an outstanding and pending matter in thefukse.
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Figure 1 Variation of weather conditions duringites breeding samples to wart resistance

Conclusions

Concerning the results of testing of breeding nigtés wart-resistance for the period 2003-2007 in
preliminary and state testing, 89.8% wart-resispatato variety samples were detected.

Finding out wart resistant varieties among theetsrsamples in State testing has varied by years.
This stipulates a necessity of introduction of legs than two years State testing of potato bregedin
samples under different hydrothermal field condi$i@egetation periods in Belarus.
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KARTUPE LU PARBAUDES IZTURIBAI PRET V EZI BALTKRIEVIJ A

Sereda G.M., Zhukova M.I., Gurlenya N.N.

Rakst atspogipta Baltkrievip bistanzka patogna - Synchytrium endobioticurfBchilb.) Perc —
kartupdu \eZa izraistaja - petjumu anaize, pamatojot nepiecieS#m pEc kartupdu <klas
materila iztuibas izérteSanas. Rakat apraksiti sagatavoSanas un valstarmpuzu apsakli

paraugu atlasei karanas staciofira laukh RUC ,Augu aizsardibas instiiita” saskaa ar kartupéu
izturibas pret &zi metod&m. SagatavoSanas un valstsrbauds, kufis nosaka iztdbu pret
kartupéu veza izplattako patotipu (D1), izertgjot no vado3ajiem Baltkrievijas un Krievijas
selekcijas instittiem saemto hibtdo kartupéu materilu, laika posr no 2003.1dz 2007. gadam
tika atlasti 89.8 % iztutgu paraugu. Selekcijas matai izturibas iz¥rtéSanas laik uz paraugu
bumbdiem, kuri uzidija jutibu pret kartupe Vezi, bez ziamiem infekcijas bajumiem tika

noveroti vel tris netipiski bajjumu veidi: pEksnes, Erpveida izaugumi un rievojumi. Pamatojoties
uz kartupéu paraugu iztabas pret ¥zi mairibu, kartupéu selekcijas matetia izturibas pret #zi

parbaudes Baltkrievij javeic ne maak ka divus gadus lauka apg&los, \elams dazdos audzSanas
apstiklos [Ec mitruma nodroSigjuma un temperatas rema.
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COMPARISON OF POTATO CLONES DEVELOPED AND TESTED IN ORGANIC AND
CONVENTIONAL GROWING CONDITIONS

Skrabule 1.
State Priekuli Plant Breeding Institute, ZinatnasRriekuli, Cesis, Latvia, LV- 4126
Phone +371 4130203, e-maikrabuleilze@navigator.lv

Abstract

The development of organic farming needs suitabigamc growing conditions. A part of
demanded conditions are included in convention&tpabreeding programmes, but some of the
characteristics are particularly significant foganic growing conditions. Breeding for organic
agriculture could take an advantage that the egme®f many traits is highly correlated between
conventional agriculture and organic agriculture2006 and 2007 potato cloned @nd %' field
generation) were evaluated in conventional and rocgfields. The clones had been selected
according to the assessmeffitteaf coverage, maturity, and resistance to #te blight of foliage
under conventional growing conditions. The resistato pests in field conditions, the length of the
growing period, yield, starch content and othersdies were evaluated and compared in both
growing conditions. The breeding of new varietieg brganic farming could be done in
conventional conditions as part of the existingelieg programme. The differences between traits,
mostly determined by genotype, were relatively Eimin different growing conditions, so a
genotype with an acceptable trait could be seleictedconventional breeding programme. Several
assessments of traits, determined mainly by the@mwment, had no significant correlation. Those
traits could be evaluated directly in organic gnogviconditions. Results of this trial prove that
particular selection for organic agriculture ha®éodone in an organic field, as selected potédytial
suitable genotypes with acceptable traits in a eatignal field did not fit organic conditions as
expected. There has to be additional traits’ assessincluded in an organic breeding programme.

Key words: potato breeding, organic farming, breeding for oigéarming.

Introduction

Organic farming in Europe is developing very widelynong other crops, the potato is one of the
most demanded on the market. Organic potato primtuaepends on growing conditions,
nutritional support, pest control, especially Ialight. Those circumstances are partially overcome
in conventional agriculture by fertilising and sgirgy pesticides. Flexible and robust varieties are
required for such specific organic growing condiioThe evaluation of potato varieties in organic
fields determined the most important traits foraomig potato production. The most important trait
is resistance to different pathogens (late bligiack scurf, virus diseases, rhizoctonia etc.),
(Zimnoch-Guzovska, 2003; Tiemens-Hulscleeral, 2003; Vogt-Kaute, 2001). The desired traits
for organic potato breeding are adaptability toamig fertilization (adequate root system, rapid
juvenal root and plant development, good growthowrg efficient mineral uptake and use), the
ability to produce a good yield in a short growipgriod (early bulking and ripening, yield
stability, acceptable quality, good storabilitygmens-Hulscheet al, 2003) and meeting market
needs. A part of the above mentioned traits ardudiecl in conventional potato breeding
programmes, but some of the characteristics arécpharly significant for organic growing
conditions. As conventional and organic growing ditons are different, requirements for
varieties are different, also; (Colat al, 2003). Breeding for organic agriculture couléetan
advantage that the expression of many traits islyigorrelated between conventional and organic
agriculture (Loschenberger, 2007). One of the way® start breeding for organic farming in a
conventional programme, using so called indire@ci®n, and at a defined generation evaluate
potentially acceptable clones in organic conditioBecause of the expected large plant —
environment — management interactions under orgammditions the most efficient way is to start
selection in the organic field as early as possjbenmerts van Bueren, 2002). The selection in
the organic environment will include emphasis opidaestablishment, good ground cover, early
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bulking yield potential and tolerance to changedhlenidity and fertility conditions through the
better root system (Bradshaw, 2007). But in somgesafor instance — onion breeding, the
selection differential differed for some traits Wween organic and conventional selection
(Thiemens-Hulschest al, 2007).

The aim of the study was to compare the evaluadiot selection of selected clones from the
conventional breeding programme in conventional @ig@nic growing conditions, with a purpose
to estimate the possibility of carrying out parttleé breeding programme for organic farming in a
conventional breeding programme, including seledtioconventional growing conditions.

Materials and Methods

Nine potato clones f4and %' field generation) were evaluated in conventiomal arganic fields

for two years - 2006 and 2007. The clones werectmlefrom the existing potato breeding
programme according to the assessnwnteaf coverage, foliage resistance to late blight
maturity under conventional growing conditions. Tveriety ‘Brasla’ was used as a standard
variety. The leaf coverage of five clones was assdsis having moderate density, but four clones
— tight density. The leaf coverage of the standandety ‘Brasla’ was of moderate density. Leaf
coverage density is a possibly significant traitarganic field weed control — dense foliage
successfully covers the ground and does not alleedndevelopment. But at the same time wide
leaf areas could possibly be a breeding groundeaf diseases. The four selected clones and
‘Brasla’ have a low resistence to late blight (Pipytotra infestans(Mont.) de Bary). One clone’s
resistance was assessed as moderately low antht#ref@ur clone’s resistance - as moderate.

The maturity time of selected clones was preditaéthg into account their parents’ maturity. Two
clones were obtained from crosses of two earlyetias, so it was expected that the clones could
be of early maturity. Two others were obtained frmedium early parent crosses, and the next two
from a cross of early and medium early varietidsese clones could be early to medium early. The
other two clones were obtained from medium lateunitgt parent varieties, so these would be
medium late. One clone’s parent varieties were oradate and early, the maturity of this clone
would range widely. The maturity of standard vari@®rasla’ is medium late.

The soil characterisatics of both environmentsiscdbed in Table 1.

Table 1. Characterisation of soil in conventional arganic growing conditions

Year 2006 2007
Growing conditions organic conventional organic \aamtional
Soil type sandy loam loamy sand sandy loam loamy sa
PHkcl 6.5 5.3 5.9 5.7
Humus g kg 2.7 1.2 2.3 25
N mg kg'(in soil) 38 60.4
1
NmMg kg fertiised mg kg - 65 - 65
Total 38 65 60.4 65
mg kg*(in soil) 61 115 54 69
Pmgkd' fertilised mg kg - 64 - 64
Total 61 179 54 133
. K,O mg kg" (in soil) 121 168 77 111
Kmgkd™  tertilised mg kg - 75 - 75
Total 121 242 77 186
Precrop winter weat winter cereals winter weat aimereals

The soil acidity in the organic field was lower thia the conventional one. The amount of organic
matter (humuss) in organic field was nearly twoettnmore than in the conventional field in 2006.
The humus content in the the soil of the conveastifield exceeded by a slighty mardghe humus

content of the organic field in 2007. Nitrogen anitwas not detected in conventional fields, so
only the added nitrogen was taken into account. ddignated amount of nitrogen content in the
organic field before potato planting was 1.7 tirfess than the conventional field on wich nitrogen
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was applied. The amount of nitrogen added to thatpacrop was low in the organic field, but
during growing period it was naturals be improve do the decomposition of the organic matter
in the soil. The nitrogen supply was higher in tinganic growing conditions of 2007 than in the
previous year. The coverage of phosphorus and giataswas higher in conventional conditions
due to better soil parameters and fertilising. $hpply with nutrients determined obtaining higher
yield in conventional field in both years.

The potato clones were planted in 18 pipts in 4 replications in both environments. Teed
material planted in the organic field was prespeduwith the purpose to shorten the time the crop
is in field conditions. Potatoes were planted ia second decade of May and harvested in the last
decade of August or the'Hecade of September. In both years fungicide &fuwas applied
twice in the conventional field after potato flowey to limit foliage diseases.

The rainfall during the potato growing period inOBOwas very low (Figure 1.). It rained quite
heavily in June: 23 — 75% of the decade’s long taverage data. Later in July and August rainfall
varied from 0% to 26% of the normal amount, sortteésture in the soil depended only on rainfall
so the potato crop suffered from drought and ldakutrients. The crop roots could not be supplied
with nutrients due to insufficient soil moisturéhi§ was the reason for a noticeably low tuber yield
in 2006. The rainfall did not differ a lot from moal amounts (Figure 1) and, consequently, soil
moisture was acceptable for potato growing in 2007.

140
120 0O 2006
| 2007
100 - 0 long termaverage
80 -
E
(S
60
40 -
20 1
0] ‘
May June July August September

Figure 1. The rainfall during potato growing perid®006 and 2007

The significant temperature differences during plegato growing period of both trial years was
observed at the end of May and the beginning oé.JDuring the last decade of May and the first
decade of June the average day temperature wad0mdy’C and 11.5 °C in 2006. It was 8.7 °C
and 6.7 °C lower than the temperature in 2007. Qwanchilly weather, the sprouting of the potato
crop was delayed in 2006. The average day temperktier in the potato growing period was not
noticeably different in both trial years. In gerdiege temperature in both years was higher than
normal. The average day temperature from May toustigxceeded the norm for 2.03 °C in 2006
and for 2.3 °C in 2007. The quite hot and dry weattonditions in 2006 were unfavourable for
late blight Phythophthora infestan@lont.) de Bary) development and this disease meaound

on potato leaves. An other disease — early blighiefnaria solaniEllis and Martin) was found on
potato foliage and the weather conditions were deaole for its development. The following year
sufficient moisture advanced late blight developimdine first damage caused by disease was
observed in the first decade of August 2007. Stgiitn the middle of June 2007 Colorado beetles
began to infest the fields. Insecticide was usdatiénconventional field.

The evaluation of potato clones was done duringgtteeving period and after harvesting. Leaf
resistance to pests was assessed visually (% ofdémaged leaves area) during disease
development in the field. The length of the growjmgriod was determined counting days from
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when 80% of the planted tubers had sprouted temioeof the vegetation period. After harvesting

yield and tuber size distribution were measurede Btarch content in tubers was determined
indirectly via specific gravity as a percentagetiod fresh weight. The boiled tuber taste was
assessed by a expert panel using a 9 point scalev€®y tasty, 1- very nasty). The results of the

trait assessments in both environments were compdiee main stress was on the selection of
clones suitable to the organic growing conditions.

The obtained data were analysed using descripiatistics and the Pearson correlation coefficient.
The significance of the differences between theptesnwas assessed using the T-test (Liepa,
1974).

Results and Discussions

Resistance to diseaséxliage resistance to early blight was assess2006 as late blight did not
appear in the field. The evaluation of the damagdeaves was started on August when early
blight spots covered 0-5% of the leaf area dependmthe genotype. After a week damages did
not exceed 10% in both environments. One potataecload no early blight damage in both
conditions. One clone’s damage was only 1% of ¢faé &rea in both environments on August 8th.
For two genotypes, including the standard vari@sasla’, the disease damage was larger in the
conventional field than in the organic. But for théner two clones the damage in organic field
exceeded the early blight damage experienced irceheentional field. It seems that fungicide
spraying was not effective in the conventionaldiglerhaps due to hot and dry weather conditions,
and only genotype resistance protected the crdgotin environments. But a significant correlation
was not found between assessments in both growivigpaments (r = 0.21 <5 10= 0.63). Some
other circumstances — nutrition uptake, resistaocdrought, foliage cover and others affected
clone resistance to early blight.

The distribution of late blight on potato cloneidgle was assessed only in 2007. The first spots in
the organic field were observed on July"8@t only on the leaves of one clone. A week ldter t
damage was in the range from 0 — 30% in the organwronment. The foliage was damaged
almost completely for all clones in the organiddien August 13. Late blight distribution in the
conventional field started later — the first spotsre observed on August 13After a week late
blight damage reached 60 — 100% of the leaf argarding on genotype, but less than in the
organic field. The application of fungicide delaykde blight development in the conventional
field and saved crop vegetation for a longer tifffee amount of damage in the conventional field
was less than in the organic field where sprayiag wot used. The correlation between late blight
damage assessments in both fields was not sigmifita= 0.42 < §0510= 0.63). It means that
genotype assessment in the conventional field whith fungicide application does not tell us
about genotype resistance to late blight in orgaai@itions where fungicide was not applied. The
evaluation to disease resistance has to be ddhe organic field to get reliable data.

Growing period. The growing period was shorter in both environmehiisng 2006 than in 2007,
because of extremely dry and quite hot weatherchvhuickened plant development and limited
nutrient availability in 2006.

The potato plants emerged 2 - 3 days earlier iaroogthe field than the conventional field both
years due to tuber seed presprouting. But the gipyeriod for clones in the organic field was
shorter by about ten days than in the conventifiela (Table 2). One reason was that presprouting
qguickened plant development. Another, was espgciall2007, was that late blight damaged
foliage and interrupted vegetation in the orgamétdfearlier than in the conventional field. The
length of the growing period differed between ggpet according to predicted maturity time.
Clones obtained from both early maturity parent$ ame early maturity cross with later maturity
parents mostly showed faster development, as waescted. The growing period was from 57 to
63 days in 2006, from 65 to 80 days in 2007 indtganic field, and from 54 to 77 days in 2006,
about 80 days in 2007 in the conventional fielde Binowing period of potato clones obtained from
both medium late maturity parents lasted from &@2odays longer in both environments. But
clones expected to be more early than late matuvasy(both parents medium early) had a longer
growing period (59-86 days in organic and 65-97sdi&y conventional fields in 2006 and 2007
respectively). The difference between the average df both environments in both years was
significant (Table 3.). The correlation between tleegths of the growing period in both
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environments was not significant (Figure 2). Sigaiht relationship was not found between
assessments in the organic field both years, batralation between the assessments of both years
in the conventional field was significant. The giogvperiod in the organic environment was more
affected by weather conditions and late blightristion than in conventional environment.

Table 2. The charectiristics of the traits of potelbnes in organic and conventional fields in 2006
and 2007

Organic field Conventional field
2006 2007 2006 2007

Traits -
min-
max average min-max average min-max average min-naerage

Growing period,
days from 57-

63.7 5490 748 6583 77  80-102  87.9
emergence to the 71
end of vegetation
Tuberyield, thd 01" 161 170351 246 47418 231 37 a4

! 28.4 : -0-35. : 7-41. 1 650 :
Tubers >50mmin , 55 5 4-64 41 9-43 25 3278 62
yield, %
Starch content, % 13.9- 172 149194 162 > 159 122 45g

~ 19.1 19.3

Taste of boiled 6 68 6-7.8 71 6377 70 6178 69
tuber, points 7.5

Yield. The potato tuber yield in 2006 was about twiceas ih both environments than in 2007
(Table 2). The influence of different weather cadiois, affecting soil moisture was observed
during the trial. Tuber yield in organic growingnetitions was lower than in conventional growing
conditions during both years. The growing period@mventional growing conditions was longer
and nutrition supply was better than in the orgagtowing conditions. This was the reason for a
larger yield in the conventional field. Four potatlones significantly exceeded the yield of the
standard variety ‘Brasla’ in the conventional eamiment in 2006 (p = 0.05), but only one of them
significantly exceeded the yield of the standandeia in the organic environment. A year later the
yield of three clones was significantly higher thdre yield of the standard variety in the
conventional field and the yield of the same cloves higher in organic field (p = 0.05). The
length of the growing period for this clone wasessed as medium late and the resistance to late
blight in 2007 was assessed as moderate in organditions. There were no late blight damages
on the leaves of the clone in the conventionadlfiel2007. This clone possibly has some features
better adapted to organic growing conditions, whia@re not tested in the trial: for example, a
better root system that is more tolerant to chaplge@oisture and nutrient uptake. If selection was
done only in the conventional field, more clonesldde accepted as suitable for organic farming.
But in organic conditions part of them turned onsuitable. Comparing the average data of the
potato yield in the organic and conventional fialdignificant difference was found in both trial
years (Table 3).

Table 3. The significance level between trait assesits in organic and conventional fields (2006-
2007)

Trait t actbe€tween means in organic and conventional fields |
Growing period 2.63 3.02
Tuber yield 6.22 6.97
Tubers > 50mm in yield 1.39* 4.14
Starch content 2.88 2.72
Boiled tuber taste 0.87* 0.92*

to.05 = 2.26; * - not significant
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It means that genotype yield is significantly difntly in different environments. The correlation
between yield assessments in both environmentssiga#dicant in both trial years (Figure 2.), so
the relative difference between yields was similar different environments. A significant
relationship was found between tuber yields botryén the same environment. The selection of
potentially high yielding potato clones for orgargcowing conditions could be done in the
conventional breeding field, but promising clonésdd be tested in the organic field because
predictions do not always turn out to be true.

The amount of large tubers (> 50 mm) in the yidlde genotype’s ability to form bigger size
tubers was assessed evaluating the percentagayeftidbers (> 50 mm) in the yield. The growing
conditions, probably mainly a lack of moisture lire tsoil, restricted large tuber formation in both
environments in 2006 (Table 2). The greater amotitarge tubers in the yield was obtained in the
conventional field in 2007. The difference betwetre means of trait assessment in both
environments was not significant in 2006, but theege differences in 2007 (Table 3). There was
a significant correlation between the amount ofédatubers in the clones’ yield in the organic and
conventional field in 2006. Not significant, butiguhigh correlation existed in 2007 (Figure 2).
The correlation was not significant between tragessments when analysing the yield in the same
environment for two years. The amount of large tsilmostly depends on genotype environment a
interaction in particular growing conditions.

1.00

0.80+

0.60+

0.40+

0.20+

A,

correlation coefficient

0.00 ‘ ‘
Growing period Tuber yield Tubers larger than Starch content Boiled tuber taste
50mmin yield

-0.20-

[ 2006, organic versus conventional
2007, organic versus conventional
Organic, 2006 versus 2007

Conventional, 2006 versus 2007

rcrit, p=0.05

Figure 2. Correlation coefficient between traitesssent in organic and conventic
growing conditions, 2006-2007

Starch content. The starch content of potato ctabers in the organic field was higher than in the
conventional field in 2006 (Table 2). Next year ttarch content of the clones grown in the
conventional field exceeded starch content of thaes grown in the organic field. The reason for
this difference was the late blight damage whiclbvpked the end of the growing period

approximately a week earlier in the organic fidddrt in the conventional one. This extra growing
period week in the conventional field was a chaoncaccumulate more starch in the tubers utilising
sun energy for a longer time. The starch contentubers is mainly determined by genotype.
Comparing starch content in both environments,difference was significant in both trial years

(Table 3). A significant correlation was found beem the results in different environments and
years (Figure 2). The genotype’s ability to accuatella comparatively higher amount of starch
could be assessed in any environment because gbtat clones ability to accumulate starch in
tubers was relatively similar in different growingnditions and environments.

Taste of boiled tuber3he assessmenf the taste of boiled tubers did not differ mu@pending

on the growing conditions of both years. The assess of the clone tubers from the organic field
was a little lower in 2006 and a little higher i@QZ than from the conventional field (Table 2.).

There was a significant difference between theetastsessments of the clones from both
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environments during the two trial years (Table R)significant correlation between the taste
assessment of the clones grown in the organic rritle conventional field was found in 2006
(Figure 2). The next year this relationship wassighificant. There was no significant correlation
between two-year trait assessments in the sameoenwent. The taste trait depends mostly on how
genotypes react to different growing conditions.

Conclusions

The assessment of traits - starch content, tuledd gind partly boiled tuber taste — in the organic
field significantly correlated with the assessmienthe conventional field. The expression of traits
in the particular environment depended on the ggmot The impact of different growing
conditions on the trait expression of genotypes siaslar, so differences between genotypes in
each environment were relatively similar. Part lod selection for breeding potato varieties for
organic farming could be done in the existing coniiemal breeding programme.

A significant relationship between assessmentsaifstlike the length of the growing period and
the ability to form large size tubers in both eomiments was not found. The traits more
determined by environmental conditions preferaldyld be assessed and selected in particular
(organic) growing conditions.

The resistance assessment of clone leaves to esséas to be continued, the first conclusions
verify that evaluation in particular growing condits for selection would be preferable.

It is advisable to include the new trait assesssnéimit are particularly significant for organic
growing conditions in the breeding programme fagamic farming. Some of these traits are the
root system, plant rapid establishment and nuttietike. The development of specific assessment
methodology is recommended for these traits.
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KARTUPE LU KLONU V ERTESANAS SALTI?ZIN AJUMS BIOLO GISKAJOS UN
KONVENCION ALAJOS AUGSANAS APSTAKLOS

Skrabule 1.
Biologiskas lauksaimnieibas atfistiba rada pieprasimu Ec biologiskas audz3anas apakliem
pienerotam laukaugu Erném. Dda no &irpu ipagbam, kuras latu velamas 8diem audzSanas
apstkliem, tiek iz\ertetas jau paavoSajs konvencioalajas selekcijas programis, bet atsevi@s
paZmes ir nommigas tieSi biol@iskajos laukos. Selekcija bidiizkajai lauksaimnigbai vagtu
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izmantot sakabu, ka pagv loti cieSa koredcija starp daudzu pamju izpausmi biolg@iskajos un
konvencionilajos audzSanas apaklos. Kartup&u klonu 4. un 5. gada pavairojums 2006. un 2007.
gadi tika iz\ertéti biologiskajos un konvenciahajos augSanas apktos. Klonu izéle pamatdjs
uz iepriek$S konvenciatajos augSanas apktos noteiktam pazmem un to iespjamas atbilstbas
biologiskajiem audzSanas apskliem: aplapojuma, tacijas perioda ilguma, lapu izfilbas pret
lakstu puvi. Kartupkl klonu iztutba pret lapu sliittam lauka apgklos, veetacijas perioda
garums, raza, cietes saturs un citasimpag tika nogrtétas un satizinatas abos aud®anas
apstklos. Jaunuldrnu selekcija biol@iskajai lauksaimniabai vagtu tikt ddgji veikta jau esofs
konvencionlas selekcijas programmas ietvaros. &ginajuma rezuliti pierada, ka biolgiskajos
laukos noteikti jveic ipaSa klonu atlase, jo konvencitaja laulka selekciomtie lakikie kloni ar
biologiskajiem apgkliem it ka piemerotam paimém ne vienmdr izradijas piengroti
biologiskajiem audzSanas apskliem.

EVALUATION OF MAIN TRAITS AND THEIR RELATIONSHIPS O F SPRING WHEAT
Strazdina V.

State Stende Cereals Breeding Institute, p/o DigsteTalsi reg., Latvia LV-3258
e-mail:vijastrazdina@inbox.lv

Abstract

Study was carried out at the State Stende Ceresgdirg Institute in 2005-2007. There were
included 10 spring wheat varieties registered inviam Catalogue of Plant Varieties. The
morphological and agronomical traits of the vaegtand influence of weather conditions on yield
and quality were evaluated. Yield, grain qualityd arorrelation between traits were significantly
influenced by meteorological conditions of year. &maluation data the yield potential was on the
level 5-8 t hd, but there was a great influence on grain yield quality traits of year. The grain
yield was influenced by variety — 20.64%, but byteeeological conditions 54.02%, interaction of
both factors was 16.38%. Significant positive etation between the yield and the 1000 kernel
weight was found, but the significant negative-wesn the 1000 kernel weight and the volume
weight; the starch content and the Zeleny indeg; dtarch content and the protein content; the
protein content and the 1000 kernel weight. NevietarUffo’ was created at State Stende Cereals
Breeding institute during 1992-2004, included ie thatvian Catalogue of Plant Varieties from
2008. The variety ‘Uffo’ is characterizing with tigield potential (6-8 t K9, grain quality is
suitable for bread making.

Key words: spring wheat, varieties, yield, grain quality

Introduction

In Latvia spring wheat became more popular crofhkylast decade of 20th Century. Growing area
ranged between 50-60000 ha in each year, but theréendency to increase the sowing area and
the production. Traditionally the spring wheat laasower grain yield, but better grain quality
(Blakman and Payne, 1987). Spring wheat is usedlynt® food, less for feed or bioethanol
production. The most popular spring wheat is usea¢dénventional farming, but there are varieties
suitable for organic farming too (Belederekal, 2000).

Spring wheat breeding programme was renewing ateSstende Cereals Breeding Institute in
1990, starting with renovation and evolution of genetic resources. The main goals of breeding
program were to create new varieties, charactegrigiith the high yield, grain quality conform
with the requirements of producers, resistancedgihg and main diseases.

The aim of this study was to evaluate the main molggical and agronomical traits of spring
wheat varieties and to find their relationshipsvadl as to establish influence of weather condgion
on yield and quality, and to select promising ggpes recommending for farmers.
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Materials and Methods

The trials of 10 spring wheat varieties were getatithe State Stende Cereals Breeding Institute
during 2005 —-2007. There were included varietiegistered in Latvian Catalogue of Plant
Varieties. Trials were carried out in conventiocateal breeding crop rotation field. The soil & th
experimental site was sod-podzolic sandy loam,@8ilc; —5.6, humus content — 15 mgkdP0s
—203 mg kg, K,0- 194 mg kg. The precrop was winteapeseed, NPK 18:9:9 500 kg haas
applied. Check variety — ‘Vinjett’. The plot sizeas10 min 4 replications.

The agronomical and economical traits were evatlistehe trial: period of maturity, plant height,
ear length, grain yield, 1000 kernel weight, volumeight, resistance to lodging and to diseases,
grain quality (protein, starch, gluten content,efsl index, Falling number).

The grain quality determined by grain analyserrdtdéc 1241’

Statistical analyses were performed using Agrobhsmoftware package. Analysis of variance
(ANOVA).

The average of temperatures and amount of pretgitavas different during 2005, 2006, and
2007. In 2005 meteorological conditions were suédbr spring wheat sowing and growing. In
August amount of precipitation was very high and #prouting of kernel was recorded. For this
reason the grain quality was lower as usually.

In 2006, meteorological conditions were suitabledioring wheat sowing, but during the growing
period amount of precipitations was lower than nommthe first decade of July the mean air
temperature was 20C, but amount of precipitation was 0.7 mm. InyJtile total amount of
precipitations was 42.4 %. For this reason the sizspring wheat kernels were smaller than
usually.

In 2007 meteorological conditions were particulaslyitable for obtaining the high spring wheat
yield with good grain quality. In June the averadair temperature was 2,Z above long term
and amount of precipitation to compare with lomgrievas less (72%). Sufficient soil humidity and
air temperature was favourable for plant develogm8pring wheat heading and anthesis was
recorded 10 days earlier than in 2005 and 2008ulythe air temperature was —;1below long
term, but amount of precipitation was higher thamgl term (120,1%). In August total amount of
precipitation was 129,4% comparing with long terfor this reason the spring wheat yield
harvesting was delayed and started in the thirddieof August.

Results and Discussion

Grain yield. In 2005 the grain yield was from 4.025.45 t h&. The highest grain yield had
varieties ‘Triso’, ‘Fasan’ and ‘Eta’ (5.45, 5.36,2% t hal), but it was on the standard ‘Vinjett’
(5.23 t hd) yield level. In the 2006 the grain yield was frén87 to 7.20 t h& Significant higher
yield had varieties ‘Eta’ (+0.62 t Hp ‘Uffo’ (+0.36 t ha') and ‘Picolo’ (+0.34 t hd) (LSD ¢ s
0,31). The highest yield level was reached in 20§ain yield was from 5.57 to 8.83 t ha
Significant higher yield had variety ‘Uffo’ (+1.aha"), (LSD ¢ ¢5=0,49).

In years 2005-2007 on average grain yield of spwhegat varieties ranged from 5.19 tha 6.96
tha'. Among varieties the highest yield had varietigéfo’ and ‘Eta’, but difference compared
with standard was not significant. Significant loweeld showed variety ‘Aniniina’ (-1.41 t Hj
which characterized with short vegetation period marieties ‘Picolo’ and ‘Munk’ (-0,50 t A
(Table 1).
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Tablel.Grain yield of spring wheat varieties

Variety  Origin Grain yield, t hd

2005 +/- 2006 +/- 2007 +/- Average +/-

t ha' t ha' t ha' t ha'

Vinjett SE 5.23 - 6.84 - 7.74 - 6.60 -
Zebra SE 4.69 -0.54 6.83 -0.01 7.35 -0.39 6.29 -0.31
Triso DE 5.45 +0.22 6.21 -0.63 7.86 +0.12 6.50 -0.10
Fasan DE 5.36 +0.13 6.75 -0.09 7.48 -0.26 6.53 -0.07
Picolo DE 4.97 -0.26 7.18 +0.34 6.15 -1.59 6.10 -0.50
Munk DE 4.81 -0.42 5.87 -0.97 7.63 -0.11 6.10 -0.50
Eta PL 5.21 -0.02 7.46 +0.62 8.06 +0.32 6.91 +0.31
Jasna PL 4.37 -0.86 6.70 -0.14 8.19 +0.45 6.42 -0.18
Aniniina  FI 4.02 -1.21 5.97 -0.87 5,57 -2.17 5.19 -1.41
Uffo LV 4.86 -037 7.20 +036 8.83 +1.09 6.96 +0.36
LSDgs 0.43 0.31 0.49 0.37

Statistical analysis showed, that the grain yielasvinfluenced by variety — 20,64 %, but by
meteorological conditions 54,02 %. Interaction oftbfactors was 16,38 %. It confirms the results
of other authors (Sofielét al, 1977; Lapinsket al, 1988).

Relationship of morphological and agronomical si&@enes controlling the plant height, ear shape
and length or period of vegetation may be of irgefer their direct and indirect effects on the
varieties yield potential (Worlanet al, 1987).

Spring wheat varieties suitable for growing in th&tvian agroclimatical conditions should be
characterized with early or middle-early growingipé. Varieties with long period of vegetation
prevent the sowing time of winter crops; also megkxgical conditions in harvest time often are
not suitable for obtaining high grain quality.

In our trials the mean vegetation period was 133 da 2005, 119 days in 2006 and 135 days in
2007. The growing period of standard variety ‘Vitijearied from 116 t0130 days during 2005-
2007. Variety ‘Aninnina’ had shorter vegetation ipdr but varieties ‘Eta’ and ‘Munk ’
characterized with longer growing period.

Lelley, 1976, noted that correlation between grgyieriod and wheat grain yield potential is not
proven. In our investigations the correlation betwegrain yield and growing period was positive
in the all years, but significant in 200% {5=0.87). In this year the duration of period frone th
anthesis to the maturity or grain filling period sManger compared to 2005 and 2006 and due to
the yield was higher than in previous years. Thweeee the significant correlation between yield
and period of anthesis in 2006 dg=0.81) and correlation between period of anthesd 00
kernel weight in 2007 {ps=0.61).

Worland, et al, 1987, noted that many genetic factors, which leggudevelopment and
morphology, would have effects on final plant héighReducing plant height also frequently
reduce grain yield (Lawet al, 1978). The positive correlation was found betwgietd and plant
height, but it was significant only in 2005, ¢&0.68). Plant optimal height (90-100 cm) is very
important trait for varieties used for organic famg There was not significant correlation between
the growing period and the plant height, and thewviirg period and ear size. Ear size determines
mostly genotype but less affects by environmentjgiRan, 1994b). There was not found
correlation between the yield and the ear size.

Grain size is one of the most important traits had direct effect on grain yield. In our study the
significant coefficient of correlation was foundiween yield and 1000 kernel weight in 2005 d¢
=0.78), in 2006 (b05=0.77) and in 200705 =0.76). There was no significant correlation betwe
volume weight and yield.

Significant negative correlation between the volumséght and the 1000 kernel weight was found
in all years in 2005(§ 05 =-0.58), in 2006 (o= -0.61) and in 2007 s -0.61).

It is very important to unite high yield with highrain quality. Usually negative correlations
between the protein content and the grain yield wasmd (Worland,et al. 1987. All genes
affecting yield influence protein levels in the igraBoth genotype and environment have influence
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on the grain quality of wheat. Problem in breedstp produce cultivars with good an even quality
from year to year (Johanson and Svenson, 1998ndohat al, 2001).

In our investigations the average protein contérspring wheat varieties ranged from 107 & kg
(variety ‘Eta’) to 158 g kg (variety ‘Aniniina’). Each year more even proteiontent had varieties
‘Zebra’, ‘Triso’, ‘Fasan’, ‘Picolo’ andAniniina’. Standard variety ‘Vinjett 'protein coant varied
from 119 g kg to 146 g kg.

The significant negative correlation between yiatdl protein content was in 200% g5 -0.78)
and in 2007 o= -0.84), also negative correlation in all yearssvietween protein and 1000
kernel weight in 2005 (pps = -0,85), in 2006 {rs = -0.81) in 2007 @os = -0.81). Positive
correlation was between yield and starch contégrjfecant in 2007 (§ 0s=0.71).

There was a significant negative correlation betwpmtein content and starch content in 2005
(roos= -0.80) in 2006 @os = -0.59) and starch content and Zeleny index 0@52( o5 = -0.66), in
2006 ( ro, o5= -0.61) (Table 2).

Table 2. Coefficients of correlation of spring wheaits

Traits 2005 2006 2007
Yield-growing period 0.45 0.42 0.87**
Yield- period of anthesis 0.09 0.29 0.81**
Yield- plant height 0.80** 0.41 0.41
Yield-ear size 0.28 -0.003 -0.08
Growing period-plant height 0.06 0.26 0.27
Growing period-ear size 0.45 0.56 0.21
Period of anthesis-1000 kernel 0.34 0.37 0.61*
weight
Yield- 1000 kernel weight 0.78** 0.77** 0.76**
Yield-volume weight 0.20 -0.17 0.41
Yield-protein content -0.78** -0.48 -0.84**
Yield-starch content 0.44 0.52 0.71*
Volume  weight-1000  kernel -0.58* -0.61* -0.61*
weight
Protein content-1000 kernel weight -0.85** -0.81** -0.81**
Protein content - starch content -0.80** -0.59* 5D
Starch content- Zeleny index -0.66* -0.61* -0.54
Starch content-1000 kernel weight 0.67* 0.20 0.52
Volume weight-starch content 0.46 0.29 0.24

Significant * at § os= 0.576; ** 150;=0,708 n=10

New variety ‘Uffo’. Variety ‘Uffo’ (Eta/Sigma) wasdeveloped at the State Stende Cereals
Breeding Institute during 1992-2004. Variety is &die-early (three days later comparing with
standard ‘Vinjett’), characterizing with high yieldotential (6-8 t hd) moderate resistance to
lodging (5-7), plant height — 93-100 cm. Also hawederate resistance Rlumeriagraminis f.sp.
tritici, Puccinia triticing Septoria tritici susceptible t®rechslera tritici-repentis Grain quality is
suitable for bread making. Variety ‘Uffo’is registel in the Latvian Catalogue of Plant Varieties
from 2008

Table 3. Characteristic of spring wheat varietyfdJf2005 —2007

Variety Grain +/- 1000 kernel Volume Protein Zeleny Gluten
yield, standard  weight, g weight, content, index, ml  content, %
t ha' gl g kg*

Standard  6.60 - 39.03 778 130 47 28

‘Vinjett’

‘Uffo’ 6.96 +0.36 40.1 782 128 43 25

LSDo,0s 0,37

Conclusion
On evaluation data of 10 spring wheat varieties in3220007 the yield potential was on the level 5-
8 t ha', but there was a great influence on grain yield quality traits of year. The grain yield was
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influenced by variety — 20.64%, but by meteorolagiconditions-54.02%, interaction of both
factors was 16.38%. Significant positive correlatbetween the yield and the 1000 kernel weight
was found, but the significant negative- between 2800 kernel weight and the volume weight;
the starch content and the Zeleny index; the staoctient and the protein content; the protein
content and the 1000 kernel weight.

New variety ‘Uffo’ was created at the State Stefdgeals Breeding Institute during 1992-2004,
included in the Latvian Catalogue of Plant Varigtifom 2008. The variety ‘Uffo’ is
characterizing with high yield potential (6-8 thagrain quality is suitable for bread making.
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VASARAS KVIESU AGRONOMISK AS UN MORFOLOGISKAS PAZIMES UN TO
MIJIEDARB IBA

Strazdipa V.
Izmeginajumi ar desmit Latvijas Augu kataldgegistrétajam vasaras kvieSukgnem bija ielartoti
Valsts Stendes graudaugu selekcijas imatitLaika no 2005.-2007.gadam tika e&rtetas irnu
morfologiskas un agronomigis ipadbas (vgefacijas perioda ilgums, augu uarpas garums, 1000
graudu masa, tilpummasa, graudu kas#ié Bditaji- proteina saturs , lipdl saturs un kvalite,
cietes saturs, kriSanas skaitlisj, &1 noskaidrota S@adbu savstar§ja mijiedarbba. Konstadts,
ka meteorolgiskie apsikli batiski ietekne graudu razu urnas kvalititi (54.2%), &irnes ietekme
bija 20.64%, bet abu faktoru savs@fpmijiedartiba bija 16.38%.
Bitiski poziiva korefcija bija starp graudu raZzu un 1000 graudu masut,bbiski negaiva
korefcija starp 1000 graudu masu un tilpummasuak starp cietes saturu un prote saturu,
cietes saturu un Zeleny indeksa,di protana saturu un 1000 graudu masu.
Vasaras kvieSu selekcijas darba reataltno 1992.-2004.g. izveidota jaunairge ‘Uffo’, kas
raksturojas ar augstu graudu razu i3 gados 6,96 t K8, vidgju izturibu pret veldri un
bistanakajam kviesu lapu slifbam, graudu kvalitte piengrota maizes cepSanaikighe resistreta
Latvijas Augu girnu katalog no 2008.gada.
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THE NEW POTATO VARIETY ‘REET’

Tsahkna A., Tahtjarv, T.
Jogeva Plant Breeding Institute, Aamisepa 1, Jogevaugh, 48309, Estonia, phone: +372
7766905, e-mailAide.Tsahkna@jpbi.ederje. Tahtjarv@jpbi.ee

Abstract

The characteristics of the new nematode (Rol) aartl (2 1) the resistant to early and to medium
ripening potato variety Reet (Mats x Gitte) develdpat the JOogeva Plant Breeding Institute
(Jbgeva PBI) is discussed in this paper. The war&tet was included in the Estonian and
European Variety List in 2007.

The breeding goal was to obtain a variety, of motehhich meets the requirements of food markets
and processing factories. Reet passed the preliynarad final trials in 2000-2004 at the J6geva
PBI, where it was compared with the standard viaseBerber (early), Piret (medium) and Ants
(medium late). The tuber yield of Reet was equdinits and Berber but lower than Piret. The yield
of the marketable tubers of Reet was equal to #neety Berber in a dynamics trial performed at
different harvest times. Reet exceeded the stangareties by tuber weight, although the number
of tubers per plant was low. There was a low appear of black scurf, common scab and potato
virus infection on the plants of the new varietyh&d a relatively good resistance to late foliage
blight, exceeding all standard varieties. Theretbee new variety is suitable for organic farming.
Reet has good quality characteristics (shallow agggilar shape, no darkening).

The peeling test with an abrasive peeler showetiRleat had relatively small peeling remains,
approximately 100.0-150.0 g kgThe content of reducing sugars was low. This mailders
suitable for making chips and French fries.

Key words: potato variety, yield, disease resistance, cookimity.

Introduction

Due to different conditions and requirements iniox#s locations, many potato varieties exist all
over the world. These varieties correspond withdifferent purposes for which the crop is grown,
with the different tastes and preferences of tteplgeand with the different environments in which
the crops are grown. Some varieties can be growmany places and have a wide range of
usability; others are meant for very specific pgm or for specific environmental conditions.
Apart from production capacity, an important vaietharacteristic is the resistance to pests and
diseases. Breeding work is constantly going oreteetbp new varieties, combining high yield and
other favourable characteristics with new or imgavesistance to all kinds of pathogens. Every
potato producer knows that locally bred varieties most suitable for local growing conditions.
The main goal of potato breeding at the J6geva iBRleveloping medium and medium late,
disease (especially late blight resistant), pedtmachanical damage resistant, high yielding and
quality table and industrial potato varieties. Mwlding capacity, agronomic characteristics, tuber
quality and disease resistance of new varietiesildhibe equal or better than these of foreign
varieties. Quality characteristics should corresptm contemporary requirements for table and
industrial varieties.

Materials and Methods

The new nematode and wart resistant early to megiotato variety Reet (breed J 649-94) was
developed at the J8geva PBI, Estonia. Reet wastedldrom the cross between the Estonian
variety Mats and the German nematode resistangtya@itte. This paper gives information about
the economical and biological characteristics &f tlew variety Reet in 2000-2004, when it was
tested in preliminary, final and dynamic trials. eTbfficial trials in Estonia and the technical
examination (DUS test) in Czech Republic were edrdut in 2005-2006.

Reet was compared with the standard varieties Befdaly Dutch variety), Piret (medium
Estonian variety) and Ants (medium late Estoniamety).
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Conventional breeding methods, crossing with d#férhybrid varieties or hybrids and repeated
selection of hybrid tuber generations were usdatéeding. The crossing and growing of seedlings
was carried out in the greenhouse and the nextrggoes were tested in the field. Experimental
fields of the Jdgeva PBI are located on sandy l@zaicaric Luvisol soil by FAO/UNESCO
classification. The fields were deeply shreddedtivaied and complete chlorine free mineral
fertilizer (containing 80 g KgN, 50 g kg' P and 190 g K§K) by 650 kg hd was used in the
spring. Chemical control of weeds was carried ath wixture of the herbicideSencorn(250 g ha

) andTitus (25 g hd). To avoid an early late blight infection of fajia and thus suffer a decrease
of yield, chemical control was done wikkidomil Gold MZ 682.5 kg h&). During the growth
period the plants were hilled up three times arrdolaged once. The preliminary, final and dynamic
trials were planted in 5 replications, designed andlysed by the NNA (Nearest Neighbour
Analysis) method using the AGROBASE 20 computerkpge. To assess the probability of
differences between traits, the least significaffetnces (LSks) were calculated. In this paper all
experimental data are presented as an average pééns 2000-2004.

The yield was weighed, the analysis of the yiefdcttire was carried out and the starch content
was estimated with Reimann scales (on the basgpefial weight). The yield structure contains
tubers per plant, tuber weight and damaged tubb&es dynamics of the tuber yield was determined
three times at intervals of 7 days. Each samplsisted of 10 plants harvested by hand from the
test plots. The planting material was pre-sprouted.

Phytophthora infestan®B (late blight) was visually estimated as a percemtaf the infected
foliage surface. The estimate of late blight wasied out three times and the first estimate was
based on the beginning of the infection. Resistancéuber diseases (tuber rots, black scurf,
common scab) was estimated on a 0-5 point scalgeatado viruses visually on a 0-9 point scale,
where 0 was the most resistant.

Cooking estimats of the cooking and other qualijts tests were carried out by the workers of the
potato breeding section of the J8geva PBI in autamuh spring (Tsahkna, 2094 The taste was
estimated on a 9-point scale where 9 was - exdelled 1 - unsuitable, with strong flavour.
Mealiness was estimated on a 5-point scale, wharaslwatery, mellow and moist, 5 dry and very
mealy. Disintegration (destruction or disintegratauring boiling) was also estimated on a 5-point
scale, where 1- stood for tuber that remained whald 5 for a tuber that had disintrigated into
pieces . Enzymatic darkening as well as after capkiarkening was estimated after 1,5 and 24
hours on a 9-point scale, where 1 showed no dargeand 9 a strong darkening of the tuber
(Tsahkna, 2000). Two methods for making an estim@atehe suitability of potato varieties for
chips have been used: the colour test after frifiegtuber slices (1-9 points, where 8 and 9 points
are preferred) and the determination of the coreéméducing sugars by the colorimetric method.
Varieties with high (200-220 g Ky dry matter and low (2.0-2.5 g kgn raw mass) reducing
sugars content are preferred for chips. The slitabor chips was estimated both in autumn and
spring. In order to estimate chip quality in theirsg, the samples were kept for 4 weeks in +10°C
temperature (Tsahkna, 1995).

For the peeling test five tubers were peeled withabrasive peeler. The tubers were weighed
before and after the peeling and the peeling resnaare calculated (Tsahkna, 2604

Results and Discussion

The morphological description of the variety Rest given in accordance with UPOV

characteristics. Plant height is medium to tall gnowth habit erect. The leaf is small, with a
medium intensity of green colour. The thicknesgh&f main stem is medium to thick and with
medium extension of antocyanin coloration. The #ovecorolla is small, blue-violet and the

intensity of the antocyanin coloration of the ins&fe is medium to strong. Lightsprout is medium,
spherical and blue-violet. The skin colour of tuieyellow, the colour of the flesh is yellow and

the depth of the eyes is shallow.

The most important yield characteristics (yieldtalbers, number of tubers per plant, weight of
tuber, damaged tubers) and starch content of neat@wariety Reet are compared with the
standard varieties (Berber, Piret and Ants) andeied in Table 1.

Table 1.Yield characteristics of the potato variety ReghatJ6geva PBI in 2000—-2004
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Character Unit LSp! Ants Piret Berber Reet
Tuber yield t ha 3.4 37.8 41.6 34.2 36.6
Tubers per plant number 1.4 9.0 8.9 8.5 6.9
Tuber weight G 10.0 75.0 84.0 74.0 100.0
Starch content g kg 7.0 141.0 155.0 118.0 159.0
Damaged tubers gKkg 6.0 26.0 25.0 20.0 38.0

. SDys — least significant differences at P = 0.05

The results of the dynamic trials demonstratedetdiness of the variety Reet. The marketable
yield of tubers harvested at three different tingseshown in Figure 1.

Disease resistance to the most important disekes(ight, tuber rots, black scurf, common scab,
potato viruses X-Y-PRLV-M) of the new variety isvgn in Table 2. The early variety Berber is

very susceptible to foliage late blighPHytopthora infestance)Ants and Piret are moderately

resistant to late blight.

t hat M Yield of 1st harvest O Marketable yield of 1st harvest
[MYield of 2nd harvest A Marketable yield of 2nd harvest
35 OYield of 3rd harvest B Marketable yield of 3rd harvest

TIhTO,O_|

% I 7

Ants Piret Berber Reet

LSDgsof tuber yield of 1st harvesB,4 t hd; LSDys0f tuber yield of 2nd harves®,6 t hd; LSDysof tuber
yield of 3rd harvest2,9 t ha.

LSDysof marketable tuber yield of 1st harve8t1 t ha; LSDosof marketable tuber yield of 2nd harve&t6
t ha'; LSDysof marketable tuber yield of 3rd harvedt9 t h&.

Figure 1. Yield of tubers and the marketable yidlthe variety Reet in the dynamic trial at the
Jogeva PBI in 2000-2004

The cooking quality traits and the peeling quanbityReet are very important because it was bred
as a table and industrial variety. Table 3 prestidsdata of taste, mealiness, disintegration,
darkening, chips colour and the content of redusungar of Reet compared with standard varieties.
The results of peeling quantity of some listed etées tested in 2005-2006 are compared in Figure
2. The vegetation period of the pre-sprouted wafeet is 90-100 days. The initial development is
medium rapid in Estonian climatic conditions.

Yield characteristic. The tuber yield of Reet (36.0a') was equal to Ants and Berber but
significantly lower 5.0 t hathan that of Piret (LSR3.4 t hd'). The tuber weight and the number
of tubers per plant are closely related. All staddearieties exceeded the new variety Reet by
number of tubers per plant, but the average tuleégiw of Reet was the biggest (100 g) compared
with other varieties. The largest tubers of Reedéel to be damaged more during the harvest
(Table 1).
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Table 2. Disease resistance of the potato variegt Bt the J6geva PBI in 2000-2004

Character Unit Ants Piret Berber Reet
Late blight: # estimation % 4.5 3.1 54.1 2.0
2" estimation % 34.1 23.0 82.8 18.0
3 estimation % 60.6 54.7 100.0 451
Tuber rots g kg 0.6 0.5 1.0 1.1
Black scurf 0-5 points 0.4 1.0 0.8 0.4
Common scab 0-5 poirits 0.4 0.4 1.0 0.6
Potato viruses X-Y-PRLV-M 0-9 poirfts ~ 3-1-0-0 3-0-1-1 9-5-7-2 4-0-0-3

Z — percentage of infected foliage surface
® _ tuber disease resistance 0-5 points (O—resjistant
“ _ plants infected by potato viruses X-Y-PRLV-Msicale 0-9 (0—not infected)

g kg-1

220

200 1

180 1

160 +

140 +

S A\d\o Qo&é@ & & F &

LSDys—15 g kg
Figure 2. Peeling remains of some varieties irBstonian Variety List tested at the J6geva PBI in
2005-2006,

The content of dry matter, including starch conteninfluenced by the variety, the physiological
age of tuber at harvesting, the intensity of lighe water supply in the soil, soil conditions, etc
(van der Zaag, 1992; Tsahkna, Tahtjarv, 2007). As\gerage for the years 2000-2004 the starch
content of the variety Reet was equal to the wariitet, but higher than that of the varieties
Berber and Ants.

The dynamics of potato yield formation is signifidg influenced by weather conditions.
Therefore the average of 5 experimental years givesbjective view of the yield formation and
earliness of the new variety (Figure 1). The eardyiety Berber exceeded the variety Reet
significantly by tuber yield in all threlearvests in the dynamic trials but in terms of retakle
tuber yield the numbers were not significant. Byrketable tuber yield Reet exceeded the variety
Ants in all harvests respectively 5.2, 4.9 andt4a’ and the variety Piret in thé"Barvest. From
these results we have concluded that because bigher total tuber yield for the variety Reet we
can also get higher marketable tuber yield comptredriety Berber.

Disease resistance. Reet is a nematode (Rol) andvad) resistant variety. The importance of
resistance breeding has not changed but the inmmartaf external and internal tuber quality is
becoming more and more important. External tubsordiers, like coverage with common scab
(Streptomyces scabiddaksman et Henrici) and black scRhizoctonia solanKiihn) reduces
their marketability. According to the trial dataepented in Table 2 the appearance of black scurf

162



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

and common scab in the variety Reet was low, ase e amount of plants infected by potato
viruses. The X-virus was the most destructive anptgto viruses (4 points).

Different strategies have been used at the JogBVaoFbreed late blight resistant varieties. Two
different resistance forms to late blight existpatato plants. Major genes give full protection
against the different physiological racesRtfytophthora infestandut from the emergence of new
races resistance is lost. Increases in pathotypaplexity and diversity create additional
difficulties in potato breeding for late blight retance. Only varieties with a high level of field
resistance are able to resist severe late bliglespcs. New sources of disease resistance were
used to create more resistant varieties (KoppedhHiza, 2003). The variety Reet exceeded the
standard variety Berber its low first infection @aand the slower speed of foliage late blight
infection in all 3 estimates (Table 2). Comparedtemdard varieties the new variety had a higher
resistance to foliage late blight. This is a vanportant trait of the variety that may increasestub
yield.

Cooking quality. The taste of potato is not a viemportant trait in the breeding programme at the
moment, but since our consumers use the potatdaddeapotato we will still estimate this feature.
In addition to taste disintegration, mealinessraf@oking the darkening of cooked potatoes and
enzymatic darkening are the most important traitdetermine cooking quality. Reet has been bred
as an industrial variety but its cooking qualitgakhows that it is suitable as a table potatolérab
3). The taste of Reet is considered not as goatamsiard varieties. Disintegration is also low and
mealiness is at the same level as the variety Amtat the new variety can be used for salads and
as a table (cooking type AB). The high contenthibrogenic acid is one of the main reasons for
the darkening of raw potato tubers and is cousethlyndy genotype, but also by weather
conditions (drought, water stress). The trails dts shown that a low content of chlorogenic acid
in the varieties correlats with low after cookingof-enzymatic) darkening (Koppel, Tsahkna,
2003). Table 3 shows that enzymatic darkening atReabsent or is minimal and after cooking
darkening is also less compared with the standarties. It is very important in industrial use.
The contents of dry matter and reducing sugarsilacevery important traits for industrial use. The
results of the trials show that the variety Reet &adow content of reducing sugars in autumn and a
slightly higher content in the spring resultinglight yellow (8 points) even coloured. The results
have proved that the suitability of potato genosypar making chips can be estimated a visual
color test after frying.

Table 3.Cooking quality of the potato variety Reet at thgelva PBI in 2000—2004

Character Unit Ants Piret Berber Reet
Taste 1-9 points 7.3 7.5 6.9 6.2
Mealiness 1-5 poinfs 2.5 2.8 1.6 2.3
Disintegration 1-5 poinfs 1.1 1.6 1.0 1.0
Darkening:  after cooking 1-9 points 1.6 1.2 1.3 1.3
Enzymatic 1-9 points 4.0 1.2 1.7 1.7
Chips colour: in autumn 1-9 points 7.6 8.0 6.5 8.0
in spring 1-9 points 5.5 7.3 5.0 8.0
Content of reducing sugars: in autumn d kg 25 2.0 5.0 2.0
in spring g kg* 6.0 2.5 10.0 3.2

! _ 9-the excellent taste or max darkening or prefechips colour; — 5-max mealiness or crumbliness

As the suitability of the tubers for mechanicalg@ssing cannot be estimated solely on the basis of
the external quality traits of tuber, peeling tesith an abrasive peeler were carried out. The
results of the peeling remains of the tested vasgeaif the Estonian Variety List are given in Figur

2. The variety Reet had no significant differentepeeling remains compared with the varieties
Milva and Anti. The varieties Ditta, Victoria andofitane had less peeling remains. Had
significantly more peeling remains the varietiesaBso, Folva, Piret, Arielle, Asterix, Fresco and
Agria.
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Conclusions

The nematode (Rol) and wart (D 1) resistant earimedium ripening potato variety Reet (breed J
649-94) has been developed at the J6geva PBI ahdlad in the Estonian and European Variety
List in 2007. Reet is a selection from the crodsvben Mats and GitteN.

The tubers of the new variety have regular shapalav depth eyes, yellow skin and flesh colour
and a blue-violet flower corolla. Reet has mediubrer size and a high marketable tuber yield. The
number of tubers per plant is medium but the awetaper weight is large. The new variety is
relatively resistant to potato virus diseases,afy@i late blight, black scurf and common scab.
Because the foliage late blight infecting startsnsr and spreads less the new variety is suitable
for use in organic farming.

The new variety is free from darkening after cogkand enzymatic discoloration, it has a low
content of reducing sugars and rather small pealamgains. Reet can be used as a table and
industrial potato, including making chips and Fiefrges.
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JAUNA KARTUPE LU SKIRNE ‘REET’

Tsahkna A., Tahtjarv, T.

Rakst izklasfits jaunas, pret nematodi (Rol) udziv(D 1) iztuiigas, agrasidz vicgji agras,
Jegevas selekcijas instii (JO6geva PBI) izaudtas kartupki irnes ‘Reet’ (‘Mats x ‘Gitte’)
raksturojums. Hrne ‘Reet’ 2007. gaal ieklauta lgaunijas un Eiropas AuglkiGu Katalog.
Selekcijas rerkis bija izveidot Eirnes, kas atbilst gtikas tirgus un grstrades unémumu
pragbam. irnei ‘Reet’ 2000. — 2004. veikta ieprieg&s un gala frbaudes Jogeva PBI, sd#inot
ar standart§rném ‘Berber’ (agra), Piret (vigli agra) un Ants (vidji véla). Kartupéu bumbdu
raza girnei ‘Reet’ bija idz\ertiga &irnu ‘Ants’ un ‘Berber’ razai, bet zefka ka &irnei ‘Piret’.
Dinamikas izmginajumos daidos raZas akSanas termios bumbilu pre&u produkcijas raza
&irnei ‘Reet’ bija vierada ar girnes ‘Berber’ razu. Kartupe bumbda svara zia irne ‘Reet’
parsgja standartrnes, lai gan bumlu skaits viea ces bija zems. $irnes augiem bijéoti maz
melra kraupja, parastkraupja un wusslimbu infekcijas paunju. Tai bija relawi laba iztutba
pret lakstu puvi uz lggm, parsniedzot visu standaki$nu iztufibu. Tatad jaura &irne ir piengrota
biologiskajai lauksaimniabai. Sirnei ‘Reet’ ir labas kvalitavas ipagbas (seklas acis, idzinata
forma, netumsSojas). MizoSanas testa ar aboamizogju laika konstatts, ka &irnes bumbliem ir
relaivi maz mizo$anas atlieku, apram 100.0-150.0 g ki Redugjo3o cukuru saturs bija zems.
Tas liecina par piednotibu ¢ipsu un ff gatavoSanai.
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YIELD AND QUALITY OF WINTER RYE IN TRIALS AT THEJO GEVA PBI

Tupits 1.
Jogeva Plant Breeding Institute, J. Aamisepa 10848&geva alevik, Estonia, phone: +372 776
6918, e-maililme.Tupits@jpbi.ee

Abstract

Rye bread has been a staple food for centuriestonia, Latvia, and Lithuania. The aim of the
study was to compare the yield and quality of wimtee varieties and breeds from all the three
countries in Estonian climatic and soil conditi@ighe J6geva Plant Breeding Institute (PBI). The
varieties Elvi (Estonia), Kaupo (Latvia), and Jor(lathuania) and the breeds J 92-5 (Estonia),
LAT 9504 (Latvia), and LIA 426 (Lithuania) were spwising conventional cultivation in three
series of trials (2005-2007). Weather conditionsthaf trial years were relatively similar. No
significant winter damage was observed. All theietees and the breeds demonstrated high
yielding potential. Comparing the three-year avesaghe variety Elvi and the breed J 92-5 had the
highest yields. The thousand-kernel weight (TKW¢eeded 30 g in all the trial years and the
average was the highest in 2005. The falling nuniBil) was generally suitable for bread baking
on average, Joniai and breed LIA 426 had the lowdkin all the years. In wet conditions, the
harvest of this variety and breed must be compliztsid

Key words: winter hardiness, yield components, yield, thouskerhel weight, quality

Introduction

Rye bread is a valuable component in the human ded the consumption of the bread in
physiologically reasonable quantities may makeagt fjlood as well as protect us against health
problems (Kann, 2002). In 2005, the area underewinte in Estonia was rather small: only 7.4
thousand hectares. By 2007 it had increased toth6sand hectaresvw.stat.e® The climatic
conditions of Estonia are suitable for the culiiwa of winter rye but it is important to find an
appropriate variety. The success of rye cultivatilmpends on the climatic conditions and the
adaptation of varieties to variable growing cormi#i (Tupits and Kukk, 2000). Experiments with
different rye varieties, investigating developmenminter hardiness, yield formation and quality in
Finland, showed that both the yield and the qualigpended mostly on local climatic conditions
(Pahkaleet al, 2004).

Chmielewski (1992) admits relying on his long-testudy, that even relatively small climate
change can affect crop yields. Climate change tdsvararming can also be observed in Estonia
(Jaagus, 1999). Because of climate change, themenised for new rye varieties that would be
suitable for cultivation in changeable conditionaye good yielding capacity, are resistant to plant
diseases, and have a high bread baking qualityaldand Pahkala, 2003). The aim of this study
was to compare the yield and the quality of the hesal breeding material with the breeding
material from neighbouring countries and with thestbvarieties from Estonia, Latvia and
Lithuania. Foreign winter rye varieties suitable fbe Estonian climatic and soil conditions are
also a good source of initial material for rye ldieg.

Material and Methods

The study involves three growing seasons (200520By FAO-UNESCO classification, the
Jogeva PBI trial area is located on podzolized gaddsareous soil (Kask, 1995). Based on soail
analyses (pkt) 6.5), 290 kg ha of the complex fertilizer Kemira Skalsa §M.K,4) was applied
before sowing. In spring, after the onset of plgmwth, 150 kg h& of ammonium nitrate ()
was added. Non-treated seeds were sown on bldokvfal three replications, using a completely
randomized block design according to the Nearegghveur Analyses method (NNA). The trial
plots were 5 square meters each. The sowing rades@@ germinating seeds per square meter and
the sowing time was the first decade of Septembke optimal sowing time of winter rye in
Estonia is from August 25 to September 10. Theotalhg varieties and breeds were included in
the trials: Elvi and J 92-5 (Estonia), Kaupo andTLAR504 (Latvia), Joniai and LIA 426
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(Lithuania). The determined grain yields (kg*¥alescribe the weight of dried and cleaned seeds
calculated to 14% moisture content. Winter hardinegas assessed on a 1-9 scale (1-poor winter
hardiness, 9—winter hardy) by the visual inspectiball the trial plots. The yield components were
determined from samples, compiled from 25 randopitked plants, by counting the tillers per
plant and the kernels per head, and weighing threeke The falling numbers (FN) were
determined according to the standard method of AABEB1A with the Falling Number 1800
equipment. The yield data were statistically aredyssing the database management and analysis
system Agrobase (Agrobd&e20, 1999) (LSRoy. The coefficient of variation (CV) was used as a
basis for the comparison between different triarge

In Estonia, the vegetation period of rye usuallgibge in the middle of April and the harvest at the
end of July or in early August. Meteorological datam the beginning of the vegetation period to
the harvest were recorded by the field meteorolgieather station Metos Compact. The long-
term (1922-2007) average sum of precipitation ef tbgetation period of rye at Jogeva is 255
mm, and the long-term average cumulative sum afcéffe (over +5° C) air temperatures is 994
degrees. The vegetation periods of 2005, 2006 80d #&ere considerably drier and warmer than
the long-term average. For yield and for qualitygeneral, not only the amount, but also the
distribution of precipitation during the vegetatipariod is important. The beginning of the 2005
vegetation period was cool but from the end of Mayhe end of July the air temperature was
above the long-term average (sum — 1024 degreed)ay it was wet, in June and July there was
drought and rain started again just before hamgstThe sum of precipitation of the 2005
vegetation period was 287 mm. The vegetation peraid2006 and 2007 were dry (precipitation
111 and 214 mm respectively) and warm (1006 an@® teégrees respectively) from the beginning
and the rye seeds reached the hard dough develbgtage about two weeks earlier than usual. In
2007 it started to rain shortly before harvesting.

Results and Discussion

In general, winter hardiness in the trials was Higigure 1). The highest winter hardiness during
all the trials was assessed in 2007 (CV 1.4). Id528nd 2006, the average winter hardiness was
lower than in 2007 (CV 6.1 and 8.3 respectivelp)all the trial years, the Estonian variety and
breed were the most winter hardy, followed by treetd from Lithuania. The Latvian breed had the
lowest winter hardiness.

Cv=6.1 Cv=8.3 Cv=14

scale
o

2005 2006 2007

S Elvi MJ 92-5 B Kaupo EILAT9504 E

Joniai E1LIA426 ‘

(LSDy o5 for 2005=0.8; 2006=0.65; 2007=0.2)
Figure 1. Winter hardiness of the rye varieties birekds in the trials at the J6geva PBI

The highest average yield of the trial years wa&0@7 — 7,377 kg h&a(CV 6.6), in 2006 6,977 kg
hat (CV 8.5) and in 2005 6,940 kg BaCV 6.7) (Figure 2). Elvi had the highest thressy
average yield: 7,280 kg Hafollowed by the yield of J 92-5 (7,050 kg™HaLAT 9504 (7,020 kg
hat), and LIA 426 (6,980 kg hy. The lowest single yield was produced by LAT £%8,980 kg
ha?) in 2006. Kaupo and Joniai were included in thialg in 2006 and 2007, and in 2005 and
2007, respectively. In the two-years average tddydf Kaupo was 7,645 kg Haand that of
Joniai 6,770 kg ha. In 2007, Kaupo produced the highest yield ofviele trial period (8,160 kg
ha?). The two-year average yield of LAT 9504 was lowe comparison with Kaupo. The two-
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year average yield of Joniai was lower than thaLl# 426, which showed a good yielding
capacity. The three-year average yield of Elvi edesl that of J 92-5. The yield of LAT 9504
varied significantly (CV 18.0) during the trial pad, followed by the yield of Kaupo (CV 9.5),
Joniai (CV 7.5), J 92-5 (CV 5.6), LIA 426 (CV 3&nd Elvi (CV 2.6).

ka ha
9000

7500 A

6000 -

4500 A

2005 2006 2007

|DENvi MJ 925 BKaupo EILATI504 HJoniai EILIA426 |

(LSDy o5 for 2005=996; 2006=1006; 2007=1080)
Figure 2. Yield of the winter rye varieties anddxs in trials at the J6geva PBI

The analysis of the yield components of the bresbdsved, that on the average LAT 9504 had 6.5
productive tillers per plant, 56 kernels per head the weight of kernels in 2005 was 2.4 g. LIA
426 had 5.4 tillers, 52 kernels and the weighteshkls was 2.2 g. J 92-5 had 4.5 tillers, 59 kernel
per head and in 2005, the kernels weighed 2.2 2006 (Table 1)In 2006, when the plant
density on the plots of LAT 9504 was low, the numbétillers was high — 11.7, the
number of kernels per head was 57, and the kewmls heavy — 2.3 g. There were only

small differences in the yield components of EM82-5 and Kaupo.

Table 1. Yield components in the trials at the JageBI

Variety/ Tillers/plant Kernels/head Kernel weight

Breed 2005 2006 2007 2005 2006 2007 2005 2006 2007
Elvi 4.1 6.6 4.9 53 56 64 2.2 1.7 2.2
J92-5 4.5 6.6 4.2 59 53 56 2.2 1.7 1.7
Kaupo 6.9 5.5 54 57 1.8 2.0
LAT 9504 6.5 11.7 5.1 56 57 59 2.4 2.3 1.9
Joniai 4.6 4.2 50 58 2.0 2.3
LIA 426 5.4 4.8 4.1 52 50 60 2.2 1.9 2.2

LIA 426 had 4.8 tillers per plant, 50 kernels peati and the weight of kernels was 1.9 g
on the average. In 2007, Kaupo had the highest eumibtillers per plant (5.5) whereas

LIA 426 had the smallest (4.1). Elvi had the highasmber of kernels per plant (64) and J
92-5, the smallest (58). On the average Joniaithacheaviest kernels (2.3 g) and J 92-5
the most and lightweight kernels (1.7 g). On therage, the thousand-kernel weight
(TKW) was the highest in 2005 — 35 g (CV 1.4), 002 — 33 g (CV 8.8) and in 2006 — 32

g (CV 6.7) (Figure 3).

The highest three-year average TKW was demonstiatelibniai — 35.6 g and LIA 426 — 35.9 g,

followed by the TKW of LAT 9504 — 34.4 g, Kaupo 3.3 g, and the lowest TKW-s of Elvi — 31.8

gand J92-5-30.3 g.

The two-year average thousand-kernel weights ofpldaand LAT 9504 were equal. Comparing
the TKW of Joniai and LIA 426, the kernels of LIR8were larger and heavier.

In 2005, the falling numbers were the lowest, therage of the trial was 164 sec (CV 17.3),
followed by 213 sec (CV 12.9) in 2007, and the kbgj?41 sec (CV 8.3) in 2006 (Figure 4). The
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highest single FN of all the trials was demonsttdig Kaupo by 266 sec, followed by J 92-5 by
257 sec, both in 2006. The lowest FN occurred BB2QIA 426 by 129 sec and Joniai by 135 sec.
The three-year average FN of the mentioned breexd82 seconds and it varied the most (CV
29.4) during the years. The two-year average Flbofai was the lowest —156 seconds (CV 19.5).

40 -

Cv=14 Cv=6.7 Cv=8.8

35

o 30

25

20 +

|DENvi MJ 925 EKaupo EILATI504 EJoniai EILIA426 |

(LSDy o5 for 2005=1.66; 2006=1.0; 2007=2.27)
Figure 3. Thousand-kernel weight of the wintervgeeties and breeds in the trials at the J6geva PB
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‘Elvi mJ 92-5 ElKaupo EILAT9504 E Joniai E1LIA426

(LSDg 5 for 2005=32.0; 2006=28.7; 2007=36.8)
Figure 4. Falling number of the winter rye varistand breeds in the trials at the J6geva PBI

The long-term yield variation is associated withmete changes, which occurred from years to
decades and influenced vegetation (Chmielewski2)98stonian climate data testify that the
average air temperature is increasing, especrakpiing. For example, the average air temperature
in March is 1° C higher than in mid-sixties and #mw melts about a week earlier. At the same
time, the amount of precipitation has increaseds@ymm, mostly in autumn and early winter
(Jaagus, 1999). During the described trial yelaesshow cover of the fields was scanty and thdgptn
winter cereals were exposed to rain, ice covercaltKeppart, 2007).

The most essential characteristic of winter ryewiater hardiness. For winter hardiness, the
duration of the vegetation period in autumn is in@at. When the autumn growing season is
short, plant development will be insufficient angermay be killed off during the winter
(Chmielewski, 1992). In long-term trials in Germaitywas found that warm and sunny autumn
weather had a positive influence on the densityiater rye plants and the number of kernels per
head (Chmielewski and Kodhn, 2000). The data on d¢atiwe air temperature in autumn
demonstrates an increase in our region, which m#atsthe growing season is more than two
weeks longer than in the 1990-ies (Keppart, 2008).

In all the trial years, the autumns were warm aindeamperatures dropped and persisted below
zero in the middle of January. In the trials, b# warieties and breeds developed well in autumn,
five out of six showed high winter hardiness, antydhe breed LAT 9504 had lower resistance to
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cold. In 2005 and 2007, winters were mild after@lgnged autumn. In February 2006, the winter
was harsh and a number of killed off LAT 9504 ptamtere seen in spring. There was no snow
mould in the trials.

Grain yield is the sum of the three yield composgnumber of heads peramkernels per head
and weight of kernels (Fowler, 2002). In 2005, gisassessment suggested no big differences in
plant density but LAT 9504 had the highest yieldoambreeds, followed by LIA 426 and J 92-5.
The yield of Elvi exceeded the yield of Joniai. Nggar, the plant density on plots of LAT 9504
was low, and although the number of kernels andnight of kernels were the highest, the yield
was small. At the same time, the number of kerpelshead and the weight of kernels of J 92-5
were the lowest. The average yield of this breed thia highest of all the trial years. In 2007, the
plant density on plots was equal and number dr§llper plants was analogous but there were
differences between the numbers of kernels per teat kernel weights, which resulted in
differences in the yields.

Winter rye needs about 20-30% less water for seaddtion compared to wheat (Starzycki, 1976,
Koowsutsaekmid, 1982). In drought years, winter rye yields araally bigger than those of spring
cultivars (Hausler, 1996) because rye has a biggdrdeeper root system (Kutschera, 1960). In all
three years, the yields of winter rye exceededyiblels of spring cereals at Jogeva (Keppart and
Tupits, 2008). During trials in the Czech Repubtiavas found that high air temperature and
precipitation before heading had a good influerncéhe yield formation of rye varieties, but after
heading, high air temperature decreased the yiRdtr€t al, 1985). Chmielewski and Kéhn (2000)
have also found that high temperatures and drodigtimg the ripening stage may have a negative
influence on the kernel weight. The thousand-kemeights of Elvi and J 92-5 were lower than
those of the Latvian and Lithuanian varieties anekldls, which were probably more resistant to
drought.

Rye is very sensitive to pre-harvest sprouting (3ret al, 1976; Salmenkallio-Martilet al,
1998). Due to unsuitable weather conditions dugrain maturation and harvesting, sprouting may
reduce the end-use quality of winter rye. The yeatse trials were dry and warm, but just before
the 2005 and 2007 harvestings, heavy showers @ttamnd high humidity influenced the activity
of ferments that dissolve starch. According todbality requirements dahe Tartu Grain Mill Ltd.,
the main purchaser of rye grain in Estomiav(v.tartuveski.eg the minimum falling number of rye
for bread baking is 160 sec for the first breadityueategory, and 120 sec for the second category.
The falling numbers of the trials fulfilled thesequirements. The lowest falling numbers of the
trial period were in 2005, however the Estoniarietgrand breed and the Latvian breed had much
higher falling numbers than those from LithuanikeTsame situation recurred in 2007, although
the values were higher than in 2005. In Estoniamditions, not only the high value of the falling
number, but also long-term stability is importaAt.special test in artificial conditions in the
moisture chamber was arranged in 2000-2006 (Tugi®€)7). The results concerning the
germination starting time of the 63 breeds wasowd the first — high, but quickly starting
germination, the second — high and moderatelyistagermination, and the third — high and
slowly starting germination. The second and thiategories included varieties from Germany,
Sweden, Finland, Latvia and Estonia, the firstfedént breeds and the variety Joniai from
Lithuania. The falling numbers of ripe grain remedrhigh enough for bread baking just for one
day in highly humid conditions.

Conclusions

All the breeds included is the trials had high diey potential, medium to good winter hardiness,

and medium to good quality. The plants of LAT 9%@re more sensitive to cold and a number of

plants were killed off during the harsh winter. Tlants on sparser plots had twice as many tillers
as on dense plots, the size and the weight of ¢heeks of these plants were bigger, but the total
yield was small all in all.

In comparison with Latvian and Lithuanian variet@esl breeds, J 92-5 had bigger-size kernels, but
thousand-kernel weights and kernel weights per eszé smaller. These traits need improvement
during breeding in coming years.
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In rainy or foggy conditions before and during hesty the sprouting of kernels may occur often.
Joniai and LIA 426 had high falling numbers in dybty year, but if rain occurred before
harvesting, the values dropped quicker than thEdemther varieties or breeds.
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ZIEMAS RUDZU RAZA UN KVALIT ATE I1ZM EGINAJUMOS JOGEVA PBI

Tupits 1.
Rudzu maize gadsimtiem bijis pamgdiens Igaung, Latvija un Lietuva. Petijuma nerkis bija
saldzinat visas trijas valsts izveidotu ziemas rudzikignu un hibfdu raZzu un kvaliti lgaunijas
klimatiskajos un augsnes afidbs Jegevas selekcijas instit (Jogeva PBI). Tis gadu
izmeginajuma (2005.-2007.) konvenciah saimniekojot tika stas &das &irnes un hibidi: ‘Elvi’
(Igaunija), ‘Kaupo’ (Latvija), ‘Joniai’ (Lietuva)] 92-5 (Igaunija), LAT 9504 (Latvija) un LIA 426
(Lietuva). Laika apgkli izméginajumu gados bijaitizigi. Netika nowroti batiski ziemoSanas
bojajumi. Visas &irnes un hibidi uzradija augstu razas poteaki. Saidzinot tis gadu rezuitus,
augsikas razas bijaldrnei Elvi un hibidam J 92-5. fiksto$ graudu masa (TKWhrshiedza 30 g
visos [gtijuma gados, vigi augstkais tika nogrots 2005. gadl KriSanas skaitlis (FN) kopuin
bija atbilstoS§s maizes cepSanai, zZkais FN visos gtjjuma gados bija ‘Joniai’ un LIA 426. Mitros
apstklos 3s &irnes un hibida raZza §kSanajveic atri.

CHARACTERIZATION OF LATVIAN POTATO GENETIC RESOURCE S BY DNA
FINGERPRINTING WITH SSR MARKERS

Zhuk A.%, Veinberga |1, Skrabule 1%, Rungis D!
'Genetic Resource Centre, Latvian State Forestrgaels Institute “Silava”, Salaspils, Latvia e-
mail: dainis.rungis@silava.lv
“State Priekuli Plant Breeding Institute, Priek@esis, Latvia

Abstract

SSR (Simple Sequence Repeats) markers have beshybapplied in plant material identification,
genetic diversity evaluation, in various gene bafttscollections maintenance and in breeding
programs for the monitoring of elite alleles andtenal exchange, as well as in ploidy level
prediction, construction of genetic maps, evoluign and population studies. The high
polymorphism level and the co-dominance of SSR msrarkallow for efficient cultivar
characterization and can discriminate even clossbted cultivars. However, several factors must
be considered when applying SSR markers to polgpitzsint species.

After initial optimization and the pre-screeningd® SSR markers, all potatSdlanum tuberosum
L. subsptuberosunn cultivars listed in the Latvian Plant Genetic Raze database were analyzed
using eight SSR markers that were found to be molyimorphic. Cultivar fingerprinting, genetic
distance evaluation and cluster analyses were peeth Two pairs of the tested cultivars were
identical in all screened loci and couldn't be diminated; the remaining potato cultivars could be
discriminated using a minimum of 4 SSR markers.il@mgenetic relationships were observed in
the potato cultivar collection when analysed witfiedent phylogenetic methods. An increase in
the genetic diversity of the newly bred potatoigalts was identified when compared to the older
cultivars.

Key words: genotyping, potato, SSR, cultivar identification

Introduction

Potato cultivars are vegetatively reproduced ewegr for distribution and breeding purposes.
Currently the identification of potato cultivars imsed on phenotypic characteristics, which are
difficult to distinguish, time-consuming and can &fected by environmental factors all of which
results in a high risk of misclassification. Thetatatraploid genome of cultivated potato
(2n=4x=48) and their outcrossing nature makes thedifficult candidate for genetic studies. A
narrow genetic base has lead to a high genetidasityiin European cultivated potatoes (Gebhardt
et al, 2004; Simkeet al, 2006).
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Several molecular markers technologies have begiredpo different potato genetic materials and
compared to evaluate the most efficient method afatp germplasm identification and the
evaluation of genetic variation (Milbourm al, 1996; McGregoet al, 2000; Braun and Wenzel,
2005). Simple Sequence Repeat (SSR) markers ahdy pglymorphic, abundant in the non-
coding regions of the genome, co-dominant, and nh@we been placed on genetic maps. The use
of the polymerase chain reaction (PCR) and fragnhemgth detection with fluorescent labels
makes the use of SSR genotyping simple, fast abdstpand the obtained data comparable and
reproducible. SSR markers have been used to sdakgssharacterize potato germplasm
collections in several countries and SSR fingetpritave been proposed as one of the units in the
cultivar certification process (Moisan-Thiergt al, 2005; Reid and Kerr, 2007). Genetic
fingerprints can be used for plant cultivar registm, the protection of the plant breeder’s rights
and for tests of purity for plant producers.

The evaluation of genetic distances for the tetidppotato is complex due to the inability to
interpret the dosage of alleles based on micrdgatalarkers data (Provaet al.,1996; Milbourne

et al, 1996; Braun and Wenzel, 2005). However, thé laigd stable heterozygosity of the potato
cultivars that results from vegetative reproductimntubers makes them highly discernible and
suitable for genetic fingerprinting using SSRcent studies demonstrate that five or six SSR
markers pairs were sufficient to distinguish a éasgnount of potato cultivars (Moisan-Thiesy

al., 2005; Reid and Kerr, 2007; Ghislah al, 2000; Provaret al, 1996; McGregoet al, 2000;
Coombset al, 2004). Pedigree information about potato cutiva often scanty, and the use of the
hybrids of local cultivars as parents is commothim Latvian potato breeding program. Therefore
the second important task of using DNA marker®ibdlp investigate the degree of relatedness in
the potato germplasm and to improve parental lgdection for breeding programs. In the study of
Braun and Wenzel (2005), 26 SSR markers identBie@erman cultivars and 10 advanced clones
with known pedigree including sibs and half sibg, fo clear relationships were proven in the case
of several clones. Nevertheless, most relationshigre confirmed using the pooled binary data of
allele presence/absence and the inability to inéérfhe dosage of allele was considered to be
minor as the alleles might be in balance betweewtypes. Several methods have been suggested
for evaluating the allele dosage in polyploid aidtis. For example, measuring the signal strength
for each allele peak obtained (Prowatral, 1996; Esselinlet al, 2004; Nybonet al, 2004 — by
Moisan-Thiery et al, 2005), or using a computational algorithm foitineating the allele
frequencies under certain pattern of inheritance $ilvaet al.,, 2005). However, these methods are
still under development and have not been wideplieg. SSR marker fingerprints are not publicly
available, therefore it is impossible to compare @ata with other studies and genebanks. In order
to be able to directly compare genetic diversitg #me relationships between potato collections,
and also for breeder rights protection, it would bgeful to determine a common SSR
fingerprinting marker set and to standardize timigdrprinting method.

The aims of this study were to evaluate the diso@tory power of SSR markers within Latvian
potato genetic resources, fingerprint all potatibivars listed in the Latvian plant genetic resaurc
database and to characterize the amount and @airtigi of genetic diversity within this collection.

Materials and Methods

61 potato cultivars were obtained from the StaiekiBli Plant Breeding Institute collection. This
included 45 Latvian bred cultivars and 14 localjapted cultivars with an unknown pedigree
(“local cultivars”) and two foreign cultivars “Feitas” (Germany) and “Kuras” (Netherlands)
(http://tor.ngb.se/seste/accessed on 18.03.2008). Genomic DNA was exiaitom fresh leaves
or sprout material with the Genomic DNA Purificaticit KO512 (Fermentas). To verify the
results, DNA extraction was repeated for cultivaith identical genetic fingerprints.

Fourteen SSR markers were selected from markendopsdy developed by Milbournet al
(1998) and one marker “STPATP1” by Prowtral (1996). Previous studies found that five or six
SSR marker pairs were sufficient to distinguisiar@é amount of potato cultivars (Moisan-Thiery
et al, 2005; Reid and Kerr, 2007). Five of these markeere present also in our study
("“STM2005", “STM1097”, “Lemalx”, “STM1024" and “STN020"). Initially, the 15 marker set
was tested on ten Latvian potato cultivars and dasethe criteria of good amplification quality,
the number of alleles and the chromosomal locadight markers were selected for the final
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fingerprinting of the remaining cultivars (Table The forward primer was synthesised with a 6-
FAM, HEX or NED fluorescent label to allow for tiwésualisation of the amplified products. SSR
locus amplification was carried out using the fallog PCR conditions: 98C for 3 min, 35 cycles
of 95°C for 20 sec, 56C — 20 sec, 72C — 20 sec; 72C - 10 min; in a total volume of reaction 20
0l containing 50 ng template DNA, 1x PCR buffer, RrivigCl,, 0,2 mM dNTP mix, 0,5 Uaq
polymeraseKermenta¥ 0,5 mM of forward (labeled) and reverse prim@pplied Biosystems
Amplification fragments were separated on an AB$Mr3130x| Avant Genetic AnalyzeApplied
Biosystemsand analysed with the GeneMapper 3.5. The diyeirsilex (DI) was calculated using
the formula “DI=13pgf, where “pg” is the frequency of an individual gegme. Phylogenetic
analyses were conducted using MEGA 4 (Tanatral, 2007) on the combined binary allelic data
of all markers. Population analyses were performitth the GenAlEx 6 version (Peakall and
Smouse, 2006). Information on the pedigree of patattivars was supplied by the State Priekuli
Plant Breeding Institute (SPPBI) or obtained frdme bnline potato pedigree database resource
(Berlooet al, 2007).

Results and Discussion

A total of 63 SSR alleles were observed within todtivars analyzed, with a maximum of 12
alleles generatetly the marker “STM1004” (Table 1). Altogether 16Bique genotypes were
generated; from which 15 genotypes were monoall&g — diallelic, 66- triallelic and 34 —
quadriallelic. The marker “STM1021” generated thesinquadriallelic genotypes. The remaining
markers detected more two or three- allelic vasiaf@verage frequency (fq)=0,36), but fully
monoallelic or quadriallelic genotypes were rane(age fq=0,14).

The obtained average marker Diversity Index (DILatvian potato cultivars (0,82) is comparable
with that estimated for potato cultivars by Milboaet al,, 1996 (0,73), Moisan-Thiemt al, 2005
(0,84); Braun and Wenzel, 2005 (0,98). The higtdistriminative power was observed for
markers the “STM1021”, “STM1004” and “STMO0037” (Tiatl).

Table 1. Information on microsatellite markers uB®dootato cultivar fingerprinting.

Marker Repeat Product sizelLocation DI  Number of Number of

bp alleles genotypes
STM1021 (C)7...(CT) (AT)q 161 - 213 IX 0.93 12 32
STM0037 (TC) (AC) ¢AA...(AC), 64 - 82 Xl 0.94 8 26

(AT)4

STM2020 (TAA)Y 140 - 158 I 0.90 7 19
Lemalx (ATT) 119 - 146 Y 0.73 5 10
STM1049 (ATA) 177 - 198 I 0.69 4 9
STM1004 (AAGY 151 - 259 Y 0.96 12 37
STMO0007 (ACY 187 - 237 Xl 0.84 10 20
STM3016 (GA), 97- 109 v 0.87 5 15

We clearly distinguished 55 cultivars, but two paof cultivars showed completely identical
fingerprint patterns. All the procedures, includisgmple acquirement, DNA extraction and
fingerprinting were repeated. However, the samgefiprints were obtained for the cultivars
“Laima” and “Priekulu Baltie”; and for cultivars ¢h“Spidola” and “SPO-11". In both cases the
identical cultivars have one maintainer. Cultivdraima” and “Priekulu Baltie” belong to the old

generation of Latvian potato cultivars and havemmon ancestor — “Irish Cobbler” (Figure 1).
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|t MI0B75 | | 1311 lrish Cobbler, 1876 | Jubel, 1908 |

| Laima, 1930 |
|Kameraz 1636, 1951  Agra, 1240 |

| Priekulu Baltie, 1955 |

Breeder: SPPEI

Figure 1. Pedigree of the potato cv. ‘Priekulu Baknd ‘Laima’

The other two cultivars — “Spidola” and “SPO-11'ave an unknown parentage. These cultivars
were developed by the breeder Alberts Saulitis; &nd possible that these two cultivars are
irradiation induced somaclonal variants, where ¢bkivars have different phenotypic traits, but
little genetic changes. In these cases SSR markaysnot distinguish the two variants as in the
study of Reid and Kerr (2007). Several reasonsdcbal suggested for this result, such as the low
genetic variability of the material, errors in plareproduction or in marker selection. Careful
comparison of the cultivars’ phenotypic traits vii# undertaken by the maintainer (SPPBI).
Phylogenetic analyses were performed with the birdata of eight SSR markers scored as
presence/absence of allele. The data sets wergzadakith the UPGMA (Unweighted Pair Group
Method with Arithmetic mean) - Sneath and Sokal{39 by Tamurat al, 2007) combined with
the bootstrapping analysis (Felsenstein, 1985 Fawuraet al, 2007), theMaximum Parsimony
method that is based on the minimal informatiomggle with consensus tree uilding and the
bootstrapping test and the Neighbour-Joining (NSjhmd.

o 30 Laima
| 78 ,_: Priekulu baltie
I Jelgavas baltie
Zilie no Stamierienes

Agrie rozu
Izstades

Imanta
Jaunvale
Madara
Carnikava
Spars

Mikelis

Agra

Eksports
Jubileja

Zeltite

Agrie dzeltenie
Stendes baltie
Laimdota
Vidzemes vele

Lati kollane

Felicitas

Lauma

Figure 2. Cluster of old and locally cultivated qtot cultivars divided in Maximum Parsimony
analysis with bootstrapping based on allele presiabsence

UPGMA phylogenetic clustering was not robust as alestrated by the generally low bootstrap
inference values (data not shown). However, somth@fcultivars clustered together with high
inference values in likelihood, parsimony and Na&lgses: “Stendes baltie” clustered with
“Laimdota”, “Jelgavas baltie” with “Priekulu baltieand “Laima”; “Agra” with “Eksports”;
“Mutagenagrie” with “Bertas”, “Astra” with “Sniegay; “Vita” and “KPAX-1"..
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50 98 Magdalena
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00| SPO-11
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9ol KPAX-1
Velais mutants

65 Lati kollane ’
73 Vietejie biesu’
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54 Talsu nier'rtes’
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Figure 3. Genetic relationships of the potato eals studied. The phylogenetic tree is constructed
based on the computation of allele presence/absesitg Neighbour-Joining cluster analysis
followed with the Interior-Branch test. Local culirs are marked
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We noticed that Maximum Parsimony divided cultivared in the beginning the 2@entury and
some of the local cultivars formed into a sepagateip (Figure 2) with a few exceptions such as
the cultivars “Imanta” (2008) and “Madara” (1984he German cultivar “Felicitas” and the
Latvian cultivar “Lauma” clustered separately frother cultivars. NJ phylogenetic tree branching
shows higher confidence values using the Interi@mBh test (Figure 3).

As information on the parentage of the cultivapedato is scarce and hybrid lines occur in the
parentage of many cultivars, in most cases we wearable to compare the constructed
phylogenetic trees with cultivar pedigree inforroati

Clustering analysis performed with the same datalspaising different methods (UPGMA,
Maximum Parsimony, NJ) demonstrate similarity ofistéring in terminal branches and some
groups of cultivars. Often, each cluster contaitecal cultivar along with the bred cultivars, whic
could reflect the origin of the breeding matertldbwever because the pedigree records of local
cultivars are not available, this can not be comdid. The suggestion that the allele dosage
estimation is not required (Braun and Wenzel, 2008% partly supported by our data as many
stable clusters of particular cultivars are presanall phylogenetic trees obtained. Maximum
Parsimony separates potato cultivars with highestdiap inference values than UPGMA and
groups older cultivars into one cluster (Figure I2). phylogenetic trees show higher confidence
values, therefore these were used for more detedegparisons. Still, differences between analytic
methods are present and combined with the lacledigpee information about cultivars; results in
the situation that definitive conclusions aboutpbiylogenic relationships are difficult. To better
elucidate the genetic relationships between Latpatato cultivars, additional genotype data is
required.To explore, changes in the genetic dityersi Latvian potato germplasm over time, the
data was divided into three populations: old caltsy which were released before 1978; modern
cultivars, which were bred in 1978 or later; andalocultivars, which have been continuously
cultivated in different regions of Latvia and fohieh there is no pedigree information.

The foreign cultivars “Felicitas” and “Kuras” weexcluded from this analysis. Cultivars with an
unknown year of release (bred by A.Saulitis), wetassified as modern cultivars.

The number of alleles in each population was 54dgno), 52 (local) and 48 (old). New cultivars
have six unique alleles, local cultivars — five qué alleles, but old cultivars only two unique
alleles. In modern cultivars private alleles weemgrated by the markers: “STM1021” (213 bp),
“STMO0037” (66 bp), “STM1004” (154 bp), “STMO0007” (& bp, 235 bp), “STM3016” (97 bp).
The most frequent of these were 154 bp (0,154)3anp alleles (0,115). In local cultivars private
alleles were found with the same frequency (0,0&t)l were generated with the markers
“STMO0037” (64 bp), “STM1049” (198 bp), “STM1004” 8 bp, 190 bp, 226 bp). In old cultivars
private alleles were generated by the markers “STA02 (140 bp, fg=0,167) and “STM0007”"
(237 bp, fq=0,053). The percentage of polymorpbai In old cultivars is lower (74,6%) than in
new cultivars (85,7 %), and local cultivars (82, %ei's Genetic Distance between new and local
cultivars was 0,030; between new and old cultiv@@61, and between local cultivars and old
cultivars - 0,027. AMOVA (Analysis of Molecular Vlance) analysis found 6 % (p<0,001)
polymorphism among these populations. This datavstehigher level of genetic diversity in the
modern cultivars.

The distribution of alleles with a frequency higltiean 0,34 in each population was compared. 16
alleles were common to all the populations. Thetrdadinct high frequency alleles were found in
the modern cultivars (163, 70, 191 and 82); inaitlivars only two such alleles were found (125
and 109), but all alleles found in local cultivavere shared either with modern or old cultivars. A
high similarity of microsatellite alleles betweeh batvian potato cultivars was found. Local
cultivars contain common alleles with both old malts and modern cultivars and are more
polymorphic than the old cultivars. That may reflactendency to use local cultivars as material
for breeding with the aim of increasing geneticedsity, while maintaining local adaptive traits.
Some new alleles were introduced into the modetatpaultivars bred after 1978. This increase
of genetic diversity could be a result of the us@eew gene pools in modern potato breeding. The
potato breeding program in Latvia was expanded thiehdevelopment of the infrastructure after
1973 and the ability to acquire germplasm with meeristematic methods after 1978 (Bebre,
2003).

176



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

Conclusions

All 59 potato cultivars listed in the Latvian geigetesources database were fingerprinted and
discriminated from each other with eight SSR magketith the exception of two pairs of cultivars.
If these non-discriminated cultivars are excludadl, remaining potato cultivars could be
discriminated using a minimum of four SSR marke8M1021, STM1004, STM3016 or
STMO0037 (to the separate cultivars “Lenora” and [&Psi”), and STM1049 (to the separate
cultivars “Vita” and “KPAX-1"). The obtained fingprints will be routinely used in the future for
potato cultivar identification for various purposes

There are no distinct groupings or divisions withaitvian potato cultivars, however the genetic
diversity of potato cultivars bred after the 197&8shncreased. These modern cultivars contain
newly introduced unique alleles as well as allélem local cultivars and from old cultivars. This
reflects the combination of older, locally adaptedterial with the increased genetic diversity of
modern European potato cultivars. For a more @stailvestigation into the phylogeny and genetic
relationships of Latvian potato cultivars additibB&R or different DNA marker data is required.
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LATVIJAS KARTUPE LU GENETISKO RESURSU RAKSTUROJUMS AR DNS
MOLEKUL ARO MARKIERU PASPORTIZACIJAS METODI

Zhuk A., Veinberga I., Skrabule I., Rungis D.
Molekularus makierus, tai skait vienkarSus DNS sekvences attojumus (SSR, no amhgval. -
Simple Sequence Repeat), plasi izmantoadaZaugu mateiia identifikacijai, gergtiskas
daudzveitbas noskaidroSanaigigu banku kolekciju uzt@sanai, augu selekcijas progradsm
elitaro aklu skiningam un matefla apmapas kontro¢Sanai, & af ploiditates pakpes
paredzSanai,geretisko karSu konst@§anai, evoluciairos un popdiciju pétijumos. SSR maieru
augsts polimorfismarhenislauj at&irt pat tuvi radnietgas &irnes.
Kartupdu (Solanum tuberosunt. subsp.tuberosum kirnes (59) réistrétas Latvijas Augu
Gergtisko Resursu katalagika izpetitas ar SSR molek@iem makieriem. Tika identifi€ti astapi
ipasi polimorfi makieri no 15 makieru grupas un tie izmantoti visas kartlpé&irnu kolekcijas
raksturoSanai. Tika veikta katrasirfies raksturojoSo molekirtb nospiedumu noteikSana
(molekukra pasportiicija), gergtisko distau apgkinaSana un filgergtiskas anaizes. Divi &irnu
pari tika identificeti vienadi pec visiem lokusiem, @éjas kirnes var af§irt ar ¢etru makieru
molekukriem nospiedumiem. Tika anadta idzgu &kirnu klasteru veido3as, izmantojot daadus
datu apvienoSanas principus un @red metodegeretiskas daudzveitbas palieliaSaris atrasta
nesen selekci@to kartupéu irpu grug, saidzinot &is ar pagjuSa gadsimtaakuma veidotaim
gkirnem. Efekivo molekufiro makieru metoZzu izmantoSana Latvijagir&u identifikacijai un
radniedbas pakpes noskaidroSanai uzlabos tugbon kartupéu &irnu kolekciju uztugSanu,
izplaiSanas kontroli, kafi selekcijas mateiia atlasi.

POSSIBILITIES TO GROW OATS FOR FOOD IN LATVIA
Zute S., Gruntina M., Malecka S.

State Stende Cereals Breeding Institute, DiZzstehaleu region, Latvia, LV-3258, phone:
+37163292289, e-maitanita.zute @stendeselekcija.lv

Abstract

In order to improve the nutrient content of oatdgaroducts, there is a need for good quality
grains. In our study, 15 oat varieties grown ineddftrial (2005-2007) at the State Stende Cereals
breeding Institute and 78 oat samples collecterh fdifferent farms in Latvia were analysed for
volume weight, 1000 grain weight, husk content,derprotein and fat. The grain processing
enterpriseRigas Dzirnavniekstd has determined the criteria of oats for fobde grains have to
have a volume weight higher than 4807gaind husk content below 250 g KgResults of the
experimental trial showed that these demands aesaible. The grain volume weight ranged from
480 to 518 g't, 1000 grain weight from 33.7 to 38.4 g, the hustoant from 206 to 312 g kg.
However, only four of 15 analysed oat varieties thetstandards requested for food quality. The
analyses of oat samples collected from farms shogesterally lower grain quality than the
analysed grain samples from experimental fieldsusTho obtain oat quality under farming
conditions is more difficult than under experimémanditions.

Key words: oats, grain quality, volume weight, husk amount
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Introduction

Grain products are among healthy foodstuffs neddechumans. Oats, due to their particular
biochemical composition, are considered ideallyesufor the production of dietary products. Oat
grains are characterized by a balanced compogifi@ssential amino acids, high unsaturated fat
content, the presence glucane, vitamins and antioxidants i@eset.al,, 2001). The production

of high quality foodstuffs is possible due to higality raw material — grain. In oats, not only the
biochemical but also the economic indices of graurch as volume weight, TKW and husk content
are important as the quality of oat products oletaiftom each ton of purchased grain is dependent
on them (Richards, 1990).The optimal values ofdhiesglices are fixed by each grain processing
enterprise. Thus, e.g., in Germany grain processngerprises have declared the following
requirements for oat grain: volume weight >530"gli000 grain weight >27 g, husk content <26%
(Grasmannet.al., 1995). In Latvia as well the oat grain procesdmage minimal requirements
regarding purchased grain quality indices. They wkume weight >480 ¢'land husk content <
25% (http:www.rigas-dzirnavnieks.lv). The resulfsdifferent studies have confirmed that yield
and quality indices in grain vary with the seaslmtation and varieties (Meyest al, 1996.)
Obtaining higher grain yields per hectare is in fdmeners’ interests. To reach the goal, improved
oat varieties and optimal growing technologies searched for in each region. Research results
show that correlative relationships between thedgetivity of crop varieties and grain quality
indices are low as estimated by grain processomy@¥et al., 1996; Zuteet al., 2002). Oat
varieties which are plastic in changing climatimdtions and capable of ensuring both stable
yields and corresponding grain quality from yeayéar are most popular among oat breeders. In
2005, researchers from the State Stende CereatsliBeelnstitute in collaboration with the grain
processing enterprideigas Dzirnavniekstd started a joint research project to clarifyiethoat
varieties shoud be recommended for growing in laaaind which technological elements ought to
be applied in oat cultivation to satisfy both thenfiers and the processors of oats.

The information presented in the paper was obtaindgtie following way: firstly, analysing the
quality indices of the oat varieties registeredthie Latvian Plant Variety List and, secondly,
inspecting oat production farms and estimatingohegity of the produced grain.

Materials and Methods

The results obtained in oat variety trials werelys®l. These trials were conducted in selection
plant rotation of the State Stende Cereals Breddistifute in 2005, 2006 and 2007. The following
15 oat varieties were evaluated: the Latvian oaktias ‘Laima’, ‘Stmara’, ‘Stendes Liva’, ‘Arta’
and ‘Stendes Darta’, the Swedish oat varietiesjgrrBelinda’, ‘Selma’, ‘Margaret’, the German
‘Vendela’, ‘Hecht’, ‘Jumbo’ and ‘Aragon’, and theuBsian oat variety ‘Kirovec'. Variants — test
varieties were laid out in four replications acdéogdto the standard method. ‘Laima’ (most widely
cultivated in the production sowings in Latvia) wde standard variety. Trial plots were
established as follows: standard variety plot diter test varieties’ plots. The recorded plotaare
was 10 M

Growing conditions: sod-podzolic soils (WRB — EatfPodzovisols), well cultivated moraine
loamy sand soil with pic of 5.4 — 6.6 in arable layer, and 16 — 25 g kegganic matter, previous
crop — potatoes.

Fertilization was carried out before sowing. Thenenal fertilizer Kemira NPK 18:9:9was
incorporated into the soil; nitrogen active ingeeds 60 kg haN were applied. Weed control was
done by harrowing twice (prior to the seed gernidmastage and at the tillering stage of plant
development) and spraying with herbicigimnstar— 12 g h&. Sowing was performed in optimal
conditions. Oats were harvested using the graimelséer Sampo — 130. Phenological observations
were done on the field. On plots the harvestedngy@ld was weighted and expressed at 14%
moisture. After harvesting the oat grain was diaad cleaned using the cleaning macHifiei
Petkus(size of the sieve mesh: 12.0 x 1.9 mm). Durimg Wwinter period, at the laboratory of
Grain technology and agro-chemistry of the Institihe economic value and technological
properties of the grain were analysed: husk congritg'), volume weight (g1, 1000 grain
weight (g), crude protein (g Ky crude fat (g kg) and starch content (g Rp

In 2007, 78 samples of oat grain were collectethfooop production farms. These crop production
farms were chosen from different regions of Lat@at breeders presented information regarding
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the main indices characterizing crop managemeatnéime of the oat variety, the timing of sowing
and harvesting, the previous crop, applied fedilimtes and plant protection measures, etc. Grain
was sampled after harvesting and free from fireatinent transported to the Institute. At the

laboratory of Grain technology and agro-chemistfytiee Institute the economic value and
technological properties of the grain were analysed

Ms ExcelANOVA and correlation analysis was used for datzessing.

Results and Discussion

Oat variety trial seeds of the oat varieties dgyetbin Latvia and registered in the Latvian Plant
Variety List as well as promising lines offered &gt breeders from other countries were seeded.
The goal of this trial was to observe the stabitifythe productivity level and oat grain quality
indices in test varieties from year to year. Tt t@rieties significantly differ in their produitly
level, the biochemical composition of the grain dnel value of their agronomic traits. In Latvia,
the agro-climatic conditions in the vegetation peérof plants significantly differ from year to year
This is demonstrated by productivity fluctuationsoat varieties over a period of years. In thial tri
from 2005 till 2007, when applied crop managemerasures provided maximum and equal
growing conditions there resulted a productivityri@aon in oat varieties ranging from 2.88
(‘Vendela’) to 17.38%('Kirovec’) (Table 1). A mediuhigh coefficient of variation (> 10%) was
shown by the oat varieties ‘Arta’, ‘Freja’, ‘Jumband ‘Aragon’. Compared to the standard variety
‘Laima’, all these oat varieties matured by 3 tdays earlier. Oat breeders’ long-term observations
indicate that oat varieties having a shorter vagetgeriod are more sensitive to different stress
factors during the growing period than late-matyiat varieties.

In variety testing, higher 3-year average yieldsoaf grain were obtained from the varieties
‘Margaret’, ‘Belinda’, ‘Laima’ and ‘Stendes DartaThe average productivity of all these test
varieties exceeded 6 t haThis corresponds to the yield level showed by gtendard variety
‘Laima’. The lowest grain yields were recorded tbe oat varieties ‘Arta’, ‘Stendes Liva’ and
‘Kirovec’, respectively 3.84, 4.57, and 5.35 t'h&uch results are correspond to the yield potentia
of these oat varieties. When estimating the avepagductivity level reached in each trial year, it
was observed that the lowest oat grain yield wisned in 2007 — on the average 5.24 f'fa
respectively by 0.71 and 0.59 thawer than in the years 2005 and 2006 (Figure 1).

Table 1. Grain yield of oat in variety trials, 2002007
Grain yield, t ha’, average for 2005-2007

Varieties . : Cv*
Min-max Mean +/- Laima between years
Laima 5.86 — 6.56 6.27 0.00 5.82
Arta 3.38-4.16 3.84 -2.43 10.60
Stendes iva 4.46 - 4.72 4.57 -1.70 2,91
Stmara 5.48 -5.91 5.62 -0.65 4,41
Stendes Brta 5.71-6.72 6.08 -0.15 8.71
Kirovec 4.33-6.15 5.35 -0.92 17.38
Freja 5.18-6.16 5.87 -0.40 10,17
Belinda 5.88 - 6.28 6.27 0.00 6.07
Selma 5.22-58 5.52 -0.75 5,26
Hecht 5.30-6.15 5.87 -0.40 8.46
Margaret 5.71 - 6.66 6.29 0.02 8,12
Vendela 5.76 — 6.07 5.88 -0.39 2.83
Triton 5.15-6.08 5.71 -0.56 6.31
Jumbo 5.08 - 6.32 5.69 -0.58 10,91
Aragon 552 -6.75 6.04 -0.23 10,51
LSDy.05 0.222

*CV — coefficient of variation
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Figure 1. Grain yield of oat, min, max and avereggne trial, t hat 2005-2007

In 2007 warm and dry weather conditions in the fast of April- at the tillering stage of oats —
were favourable for frit fly @scinella frij infestation. This insect caused serious damagtte
75% of the oat plants. Though sufficient moisture the subsequent period of vegetation
contributed to the tillering and regrowth of oaamtls, nevertheless this stress resulted in smaller
grains, lower volume weight, and a higher propartod husk in the yield of grain.

In the trial, the 3-year average volume weight lodé bat grain corresponded to the minimal
requirements of the grain processors — 480 @ hble 2). The grain processors prefer to purchase
grain of a high volume weight. The trial resultsxtoned that the oat grain having the highest
volume weight (on the average > 5107 tould be obtained from the test varieties ‘Aragon
‘Triton’, ‘Arta’ and ‘Kirovec’. However, it shouldbe noted that the yield characterizing quality
indices varied from year to year. Though for theuate weight from year to year the coefficient of
variation was low — from 2.4 (‘Freja’) up to 7.35(endes 1va’), in 2007 the grain volume weight
of six oat test varieties was below 480 Y They included the oat varieties ‘Margaret’ and
‘Belinda’ which were most productive that year.

Husk content in grain yield is also a trait theiaon coefficient which was comparatively low
from year to year. For oat varieties included ie thal it ranged from 1.1 (‘Jumbo’) up to 7.4%
(‘Stmara’). The value of this trait was largely disevariety genotypes. In the trial, during all the
test years, the oat varieties ‘Arta’, ‘Freja’, ‘M@ret’, ‘Vendela’ and ‘Jumbo’ were characterized
by the lowest husk content in the grain yield, «@50 g kg or 25% from grain the yield.

In Latvia, the 1000 grain weight is not estimateldew purchasing food grain, however a higher
product outcome is obtained with coarse-grained.d@esearch results show that frequently oat
varieties characterized by the highest grain volwe&ght had a medium- high 1000 grain weight
(e.g., ‘Arta’, ‘Kirovec’, ‘Laima’, ‘Stendes Brta’), but for the most coarse-grained oat variety
‘Hecht’ the 1000 grain weight was 41.31g on a 3ryagerage. A positive and significant
correlation was established between the grain boskent and the 1000 grain weight (correlation
coefficients respectively r=0.594, 0.539 and 584 0.486) for all oat varieties included in the
trial in the years 2005, 2007 and on the averagalfdhe three trial years. In this trial signdiat
correlative coherence was not established betwesn golume weight and 1000 grain weight,
grain volume weight and husk content in yield adl ws between the above mentioned quality
parameters and grain yield. It shows that indiddsaits were more dependent on the peculiarities
of genotype of each variety and not on mutual tséndhe trial. Out of all test varieties included
this trial, ‘Arta’, ‘Vendela’, ‘Freja’ and ‘Jumboivere most suitable to meet the requirements of
grain processors. In these oat varieties compafgatiow husk content and high grain volume
weight were concurrently found. In the most protgcbat varieties ‘Laima’ and ‘Aragon’ the 3-
year average husk content somewhat exceeded tlmumindefined by grain processors.
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Table 2. Testing results of oat grain quality, 2603007

Volume weight, 1000 grain weight, Husk,
Oat varieties Ave?agei = AveragelL = Averillg;(gejli =
2005 - 2007 2007 2005 - 2007 2007 2005 - 2007 2007
Laima 503.7+1.56 487.0 35.41+2.56 38.32 253772+ 262.0
Arta 513.3+2.06 490.5 35.10+0.59 35.77 211126 221.0
Stendes iva 489.0+£3.61 450.0 36.78+1.36 38.18 246.7.¥10 259.0
Stmara 492.0+£191 47.20 35.37+1.49 36.72 2626.2 254.0
Stendes Brta 506.7 +1.21 484.0 3491+267 37.29 261.50 +16.257.0
Kirovec 511.0+1.87 4940 36.05+1.37 37.24 251141 261.0
Freja 504.0+1.22 498.0 35.95+2.76 39.00 243034+ 240.0
Belinda 486.3+2.31 463.0 38.93+1.64 40.46 2#122.0 295.0
Selma 508.3+2.08 490.0 38.08+1.60 37.48 263.0.4 273.0
Hecht 4953+145 4810 4131+221 43.86 330667+ 337.0
Margaret 479.3+3.24 4430 37.34+1.23 38.59 23®.7 247.0
Vendela 499.7+2.04 477.0 3756+1.64 39.34 2200 230.0
Triton 516.3+1.91 509.0 39.49+351 43.53 255112 259.0
Jumbo 496.0+£3.21 475.0 38.88+1.66 38.81 242D+ 2440
Aragon 518.0+2.15 500.0 38.69 +3.08 42.10 269.0 269.0
Average - 480.8 - 39.11 - 259.3

In the inspected grain production farms the totahasown to oat occupied 1934 hectares out of
which 79 samples of grain were collected. The gsgatumber of grain samples was obtained for
the oat variety ‘Laima’ (48 samples or 60.7%), ®iec’ and ‘Vendela’ (6 samples for each
variety), ‘Selma’ (5 samples), and ‘Freja’ (4 saeg)l The rest of the varieties, such aw/dl,
‘Aragon’, ‘Ivory’, and ‘Cval’ were represented bye or two samples of grain. The quality indices
of the cultivated oat grain varied widely. This wsaeen best when analysing grain samples of one
oat variety — that of ‘Laima’ (Table 3). Overalletigrain volume weight in 90% of the oat grain
samples was above 4804 However, it should be observed that this paramets determined
after fine grain separation. The outcome of graarevproduction (above 1.9 mm sieve) varied
from 43.8 to 90.3%. Grain husk content below 25¢yg was determined only in 36 samples of
grain or 46% of the samples. As for 1000 grain Wweigreat differences were also observed
between grain samples, i.e. from 31.1 to 43.7 @ fEsults of the trial lead to the conclusion that
growing conditions (meteorological, soil, etc.) ardp cultivation technology applied in the farms
had played a decisive role in the assurance of graality indices.

Table 3. Quality characteristics of oat grain sasmollected in farms, 2007

Number
Varieties of Values Volume_\llve|ght, Hus_kl, 1000 grain weight, g
samples gl g kg
. Mean 518.8 2525 36.71
Laima 48 Min-max 441 - 566 231 - 307 31.09 — 40.40
. Mean 518.7 255.2 37.47
Kirovec 6 Min-max 490 - 551 234 - 272 35.16 — 39.39
Mean 513.0 2250 40.83
Vendela 6 Min-max 477 - 534 208 — 259 38.76 — 43.74
Mean 518.6 252.0 37.45
Selma 5 Min-max 499 - 543 241 - 270 34.67 — 39.98
On average in 79 Mean 517.6 249.3 37.51
samples Min-max 441 - 566 208 - 307 31.09 — 43.74

Estimating the mutual interaction of traits, tharetative relationship was studied choosing the
results of the analysis of the oat variety ‘Lainb@cause it had the greatest number of collected
grain samples — 48. First of all, the correlatiglationship was found to be between the grain yield
of oats and economically significant indices: votumeight, husk content and 1000 grain weight.
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Calculations showed that in 2007, in the productowings of the oat variety ‘Laima’, significant
and positive correlation was established betweerythin yield and volume weight, but significant
and negative correlation was established betweentdtal grain yield and the husk content,
respectively r= 0.385 and r=-0.317, if n= 48 angs= 0.292. Each of these traits affected the
productivity indices of the oat variety respectivddy 15 and 10% (& 0.149 and R=0.101).
Though the obtained correlation coefficient was imedlow, yet it showed a tendency, that
providing higher productivity levels, improvememt grain quality indices — husk content and
volume weight would be possible thus meeting tlguirements of the grain processors. When
delivering grain for analysis, oat producers funeid information regarding crop management
measures in farms. Analysing the effects of soviimg, the previous crop and the total rates of the
nitrogen fertilizer on the values of previously Bsad indices, several significant correlative
relationships were established: the later in spgaging was performed (from the first part of
April till the first part in May), the lower the gid, and with this the lower resuttant grain volume
weight and higher husk conten. This correlativeatiehship is affirmed by the calculated
correlation coefficients as seen in Table 4.

Table 4. The correlative relationship between agnun traits and the components of growing
technology in the oat variety ‘Laima’

Correlative relationship n r oloos R?

Grain yield : Husk amount 43 -0.317 0.301 0.100
Grain yield : Volume weight 43 0.386 0.301 0.149
Grain yield : Sowing time 41 -0.329 0.310 0.108
Grain yield : Nitrogen rate 37 0.513 0.321 0.263
Grain yield : Previous crop 39 0.333 0.315 0.111
Husk amount : Volume weight 48 -0.321 0.284 0.103
Husk amount : 1000 grain weight -48 -0.265 0.284 070.

Husk amount : Sowing time 41 0.353 0.310 0.125
Volume weight : Previous crop 39 0.345 0.315 0.119
Volume weight : Sowing time 41 0.297 0.310 0.088
Volume weight : 1000 grain weight 48 -0.187 0.284 .03

Volume weight : Nitrogen rate 37 0.299 0.321 0.089

The oat productivity level in farms was closelyated to the applied nitrogen fertilizer rate

(r=0.513). Grouping of previous crops chosen bynfaralso showed that a medium-close but
significant correlative relationship was establihzetween the oat yield and the previous crop
(r=0.333). Higher yields of grain were attainednfrfields with grasses, potatoes, buckwheat and
rape as the previous crops, but lower yields frafu$ with winter wheat, rye and barley as the
previous crops. An analogous correlative relatigmsihas also established between the grain
volume weight and the previous crop.

Conclusions

The results of oat variety trials conducted in 8teifrom 2005 to 2007 suggest that the grain
quality indices in the ‘Arta’, ‘Freja’, ‘Jumbo’ anWendela’ oat varieties most closely correspond
to the requirements of the grain processors,the.yolume weight of oat grains in all the threstt
years exceeded 480°§and the husk content in the yield did not exces@l@kg'.

Stable and high grain yields during the trial yesese provided by the tested oat varieties ‘Laima’,
‘Aragon’, ‘Vendela’ and ‘Margaret’, i.e., the 3-yeaverage productivity of these oat varieties
exceeded 6 t Fa

The 3-year investigation with 15 oat varieties shidvat observing unified growing technologies
significant and stable correlative relationshipgeveot established between grain volume weight,
husk content and the total grain yield. It shovet the indices of the traits were more dependent on
each genotypic expression in a definite year andn@ommon tendencies in the trial.

Analysis of the collected grain samples of the waiety ‘Laima’ showed that grain higher in
volume weight and lower in husk (correlation cagéfints respectively r=0.386 and r= - 0.317 (r
0.050.301) were obtained in the fields with the highgsiin yield. Hence, also the measures used in
crop management which had a significant effect lan drain yield of oats are valued as being
important to produce grain high in volume weighddow in husk. Farm inspection in 2007
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showed that these economically significant indiwese affected by sowing time, the previous crop
and the total nitrogen fertilizer rate.
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IESPEJAS IZAUDZ ET PARTIKAS AUZAS LATVIJ A

Zute S., Gruntina M., Malecka S.
Kvalitativu partikas produktu raZoSanai ir nepiecieSamas labaditites izejvielas — graudi.
RazoSanas procesvaigi ir ne tikai graudu bikimiskie, bet ar saimnieciskie aditaji — razba,
tilpummasa, TKW, m@kspairiba. Rirtikas produktu razaji ir noradijusi, ka iegrkot graudu
minimalai tilpummasai jbit lielakai par 480 g1, plek&pairiba zenaka par 250 g kg* graudu.
Sadariba ar A/S Rigas DzirnavnieksStend@ veic Etijumus par prtikas produktu razoSanai
svaffigu riaditaju uzlabo3anas iegjam Latvija audZtam auzam. Retijuma analiZ Latvijas augu
Skirnu katalog registréto auzu Rirpu kvalitates &ditajus instifita iekartotos izngginajumos un
NOErté razoSanas saimni#as izaudzto graudu kvaliti.
No 2005. idz 2007. gadam Steadkirnpu saidzinajuma vértgja 15 Latvip audZtas auzu l§rnes.
lzméginajumos vidsjais auzu Kirpu raibas tmenis vadja no 4.2 idz 6.8 t ha®, graudu
tilpummasa — no 48Gdz 518 g T, 1000 graudu masa — no 33idzl 38.4g, fk3pairiba — 2061dz
312 g kg. Tikai ¢etram no @irbaud ieklautaim auzu girnem graudi atbilda frtikas produktu
raZzoSanas standartpita@n, t.i., ‘Arta’, ‘Freja’, ‘Jumbo’, ‘Vendela'.
Saimnietbas ievakto graudu paraugus kvalies aditaji bija ieverojami zemki neka
izmgginajumos. Graudu rabas un kvalites aditaji varigja atkafba no saimnietba pielietofis
agrotehnikas. & 2007. gada apsekojuma reatiim korelaivas sakaibas paidija, ka graudu
raza, tilpummasa un gkSpairiba ir @aditaji, kas ir ne tikai savstagji saistti, bet ar batiski atkafgi
no gjas laika, priekSauga urapela neslojuma normas.

RESULTS FROM EVALUATION OF THE OAT VARIETY ‘STENDES DARTA’

Zute S., Gruntina M., Malecka S.
State Stende Cereals Breeding Institute, DiZstefalsu rajons, Latvija, LV-3258
phone: +371 3220287, e-mashnita.zute @stendeselekcija.lv

Abstract

The new oat variety ‘Stendes Darta’ (line No. L 28phas been developed at the State Stende
Cereals Breeding Institute. The variety is regeieoy the Plant Protection Service of Latvia (No.
A-8 since 27.12.2004) and included in a catalogu@ant varieties both of Latvia and EU in 2005.

It is recommended for food and feed production.

The oat variety is a result of hybridisation ange&ed selection work. During five consecutive
years (1999 — 2003), this variety gave a signifilyagreater yield of grain than the standard variet
‘Laima’ (+ 0.44 t ha', Rgs = 0.21 t hé). On the average, line L 28650 was one to two days
earlier, had higher lodging resistance (+ 2 pojnégg)d was more resistant to loose smut (on
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artificial infection background), oat leaf crowrnstiand mildew (on natural infection background)
than the standard variety ‘Laima’. Oil content bEtvariety ‘Stendes Darta’ was high (on the
average + 0.46% more than for the standard vatiafyna’). The oat line showed stable yields and
good competition with weeds under organic farmiBgaluation of the variety ‘Stendes Darta’
during test period (1999 — 2006) showed that théetyawas plastic and might provide rather
suitable yields under unfavourable growing condiias in 2006.

The results of evaluation confirm that the oatefgriStendes Darta’ may provide stable yields and
good grain quality. Consequently, the variety isadale for the growth in conventional and organic
farming systems.

Key words: grain quality, oat variety, yield

Introduction

The goal of the Latvian oat breeding program igddgelop high-yielding oat varieties resistant to
lodging and diseases with corresponding grain tyualiitable to local conditions. In the last ten
years Latvian oat breeders have been offered af lbigh-yielding oat varieties of the intensive
type developed in European countries, and sevetalarieties developed in Stende among which
most popular is the oat variety ‘Laima’, which ebscim plasticity and capacity to provide medium
high yields of grain under different growing comaiits. Proceeding with the selection of the most
promising lines, oat breeders wished to developetias higher in lodging resistance and quality of
grain. Partly these wishes are realized in thevadety ‘Stendes Darta’.

In the Plant Variety Testing department of the &®lant Protection Service (VAAD) the new oat
variety ‘Stendes Darta’ was registered to testevdbr cultivation and use (VCU tests) in autumn
2002. The author's right to the State Stende Mae¢ding Station was confirmed by VAAD in 27
December 2004, and the oat variety ‘Stendes Degtagived the registration number A-8. This oat
variety has been included in a catalogue of Planeties of Latvia since 1.01.2005. The authors of
the oat variety ‘Stendes Darta’ — M. Gruyatj S. Zute, P. Bbiks, S. Méecka, J. Briedis.

Materials and Methods

The oat variety ‘Stendes Darta’ was developed atState Stende Cereals Breeding Institute (till
2006 — at the State Stende Plant Breeding Statlan)993, under field conditions using the
hybridisation method a cross combination P4AFGU — 32 / L 24156vas obtained. PCU — 32 is
an oat line of Polish origin, L 24156 is a lineSiEnde obtained from cross combinatiRantker //
Bug / Parsival The oat varieties ‘Pantker and ‘Parsival’ areadeped by German oat breeders, but
the oat ‘Bug’ is of Byelorussian origin.

Stages of selection work in breeding the oat varietendes Darta’:

1993 - hybridisation under field conditions, fiwgbhid seeds were obtained;

1994 — using over-sowing, hybrids of generation were obtained;

1995 — using over-sowing, hybrids of generation were obtained;

1996 — using over-sowing, hybrids of §eneration were obtained, out of them elite plavese
selected:;

1997 — 12 elite plants progeny were sown in thedirey first year nursery, out of them six lines
were selected for further sowing;

1998 — 6 best lines were sown in the breeding skgear nursery, a plot size 2%nin one
replication, remains of the best three lines wemnlmned giving them No. L 28650, which was
sown in a previous variety testing, a plot sizevfpin four replications;

1999-2004 — competitive variety trial, a plot slfent, in six replications;

2001-2004 — variety testing in crop rotation unoig/anic management, a plot size 28 m four
replications;

2003-2004 - testing of value for cultivation an@ s plant variety testing stations in Valmiera,
Saldus and Vi§;

2003-2004 — distinctness, uniformity, stabilityt@@3US test) by UPOV method in Poland.
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2005-2006 — test of value for cultivation and usdar organic farming system at the State Piieku
Field Crops Breeding Institute and Study and Reselgarm ,Vecauce” of the Latvia University of
Agriculture.

Oat breeding work was performed on crop rotati@dé of the State Stende Cereals Breeding
Institute. The soils are well cultivated, sod stiglpodzolic loamy sand with pkk, of 5.4-6.6 in
arable layer, organic matter 1.6—2.5%, plant akbel®0s 183-355 mg/kg, KO 170-264 mg/kg,
previous crop — potatoes.

Fertilization was carried out before sowing applyithe mineral fertilizeikemira NPK 18:9:9
calculated in nitrogen active ingredient 60 kg Ha/eed control was done by harrowing performed
twice (prior to oat seed germination and in thieriihg stage of plant growth), and spraying with
the herbicidegranstar— 12 g ha. Sowing was performed in optimal terms and graas Warvested
using Sampo — 130. Phenological observations were n the field. In the winter period,
morphological, agronomic and technological progsrtof the oat grain were analysed in the
laboratory of the institute.

Results and Disccusion

Out of the hybrid combination P 4175 elite plamgsdgeny, seeds of the best three lines: L 28600,
L 28601, L 28602 (excess of the seed sown in theding 2nd year nursery) were combined and
sown in a preliminary variety testing nursery giito a line a new number L 28650. That year
meteorological conditions were favourable for thewgh and development of oat plants and line L
28650 was also recorded as among the most produatigs. This oat line produced a good grain
yield 7.01t ha compare to 6.39 t Habtained from the standard variety ‘Laimag s = 0.34. Oat
plants of this line were characterized by a strang stable stem, which was indicative of higher
lodging resistance than that of the standard wafigtima’. This oat line was characterized by a
uniform stand. Visual examination showed that thialgined lines of oats had been phenotypically
similar. These traits were the chief selectiorecidt, which allowed this oat line to be includedain
competitive variety trial.

Competitive variety trial. Over the period of 19@92003, the oat line L 28650 was investigated in
a competitive variety trial. Meteorological condits during five test years were comparatively
different. This is indicated by fluctuations in theductivity levels both of the standard varietygla
the promising line (Table 1). In years less favblgdo the growth and development of oats (1999
and 2002) grain yield obtained from the line L 28&bd not significantly differ from grain yield
obtained from the standard variety ‘Laima’, respaty +0.03 and +0.16 t Fa (y ¢ s respectively
0.73 and 0.29 t FY. But in years more favourable to oat developn{2a00, 2001 and 2003) the
productivity of this line was significantly higherompare to the standard variety. Overall, in
competitive variety trials the average productivéyel of the line L 28650 significantly surpassed
the productivity level of the standard variety. Whanalysing yield structural elements, oat
breeders found on average 4 grains more in a gaofdhe line L 28650 than in the panicle of the
standard variety ‘Laima’. The 1000 grain weight veagiivalent to the standard variety ‘Laima’,
respectively 33.99 and 33.66 g, but the 4-year ameemumber of generative stems per 4 m
differed only by 15 stems for both oat varietiesn€idering the seeding rate of 550 seeds pet 1 m
suitable to oats, the results of the analysis skotlat the tillering of plants in a sowing is not
characteristic for both oat varieties.

Oat line L 28650 was an average by a day earlidrtagher in lodging resistance (+2 points).
Results of testing oats to loose smuistflago avenag on an artificial infection background
showed that line L 28650 was highly resistant ie tlisease as not a single infected panicle was
found in the experimental plots (for the standaadety ‘Laima’ — on average 5 panicles out of 100
plants). Line L 28650 also showed also resistaoaet leaf crown rustRuccinia coronifergand
powdery mildew Erysiphe graminik
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Table 1.Characteristics of the oat variety ‘Steridaga’ in competitive variety trial (1999-2003)

Years
Indices Varieties
1999 2000 2001 2002 2003 Mean
Grain yield, t hd standard ‘Laima’ 3.54 5.33 525 428 532 5.05

‘Stendes Darta’ 3.57 5.95 567 444 590 5.49
‘Stendes Darta’

+/- t ha' to ‘Laima’ +0.03 +0.62 +0.42 +0.16 +0.58 +0.44
Y 0,05~ 0.73 0.34 0.41 0.29 0.29 0.21
1000 grain weight, g standard ‘Laima’ 34.30 38.50 29.10 3459 32.47 33.66
‘Stendes Darta’ 34.90 36.80 29.70 35.13 34.34 33.99
Volume weight, gt standard ‘Laima’ 510.0 506.0 453.0 511.0 4955 4914
‘Stendes Darta’ 521.0 507.0 468.0 524.0 500.0 499.8
Hull content, % standard ‘Laima’ 23.50 24.00 2590 25.00 25.20 25.03
‘Stendes Darta’ 22.00 2450 2550 24.20 2470 24.73
Crude protein content, standard ‘Laima’

%, (x 5,7) ‘Stendes Darta’ 10.40 11.63 11.64 10.01 11.15 11.11
10.85 10.59 1243 1052 10.41 10.99

Crude fat content, % standard ‘Laima’  6.31 5.97 545 6.36 570 5.87
‘Stendes Darta’ 6.63 6.61 537 6.74 6.20 6.23

Plant height, cm standard ‘Laima’ 90 112 106 95 115 107
‘Stendes Darta’ 82 118 107 95 119 104

Spikelets per panicle, standard ‘Laima’

pieces ‘Stendes Darta’ * 32.0 134 226 21.8 225
* 36.4 20.0 258 238 265

Number of generative standard ‘Laima’ * 520 610 528 504 540
tillers per 1 m ‘Stendes Darta’ * 474 626 516 485 525

Resistance ttstilago

avenae banicles /100 standard ‘Laima’ 25 11 8 0 0 5

epan ‘Stendes Darta’ 0 0 0 0 0 0

plants

E:gji:]rom sowing to standard ‘Laima’ 103 105 110 94 108 104
g ‘Stendes Darta’ 103 104 109 92 107 103

Husk content, volume weight, crude protein and erfad contents are the most important quality
characteristics of the oat grain yield. The oat Iin28650 showed that hull content in the grain
yield was lower than in the yield of the standaadiety ‘Laima’, respectively 24.73 and 25.03% on
the average in five test years. The highest huitex@t was recorded in 2001, respectively 25.50
and 25.90%. That year this parameter somewhat d&deie maximum limit value - 25% of the
grain hull content standard set by the holding camyp,Rigas dzirnavnieks”.

Results of the oat grain chemical quality evaluasbowed, that line L 28650 had a tendency to
accumulate more fat in grain than the standarcetyatiaima’ did. The crude fat content in grain
dry matter was on average by 0.46% higher thanahtite variety ‘Laima’. (In the following test
years it was found that starch content in the godithe oat ‘Stendes Darta’ was also by 2 to 4%
higher than in the oat ‘Laima’.) This gives evidertibat the grain of the new oat variety is higher
in energy value, which is an important showing wheimg grain for animal feed.

Starting research in organic farming systems, tatésting of cereals in organic crop rotation was
established at the State Stende Plant Breedingostat 2001 to study the suitability of oat
varieties and promising lines released in Latvithte farming system. Results of testing oat line L
28650 and the standard variety ‘Laima’ under orgaonditions (Table 2) also showed a tendency
that yielding capacity of the promising line betwgears was equal to that of the standard variety
and on average in the three test years even signify surpassed the standard (+ 0.32% ha s

= 0.24 t hd). Line L 28650 was high in lodging resistance. Tmiform stand of this oat line
contributed to weed suppression, which is a goatqgnrdition to recommend the variety for
growing under organic conditions. The evaluatiogmain quality characteristics show the increase
in husk content under conditions of limited nuttikvels in the soil. However, this 3-year average
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index for the line was by 0.5% lower compared ® $tandard variety. Values of other analysed
parameters are presented in Table 2.

Table 2. Oat variety testing under organic farngogditions (Stende, 2001-2004)

Indices Varieties Years
2002 2003 2004 Mean
Grain yield, t hd standard ‘Laima’ 2.66 3.24 4.37 3.42
'Stendes Darta' 2.76 3.87 4.59 3.74
+/- t ha'to ‘Laima’ 'Stendes Darta’ +0.1 +0.63 +0.22 +0.32
Y 0,05~ 0.32 0.57 0.29 0.24
Grain result above 1.9 x 2 mm standard ‘Laima’ 89.9 96.2 95.2 93.7
sieve, % 'Stendes Darta' 89.1 93.8 89.0 90.6
1000 grain weight, g standard ‘Laima’ 34.20 34.05 34.90 34.4
' 'Stendes Darta' 33.40 34.80 34.70 34.3
Volume weight, gt standard ‘Laima’ 506.0 506.0 515.0 509.0
’ 'Stendes Darta' 496.0 502.0 503.0 500.0
Husk content in yield, % standard ‘'Laima’ 28.9 27.3 25.4 27.2
! 'Stendes Darta' 27.4 27.1 25.6 26.7
. standard ‘'Laima’ 12.3 10.2 11.1 11.2
Crude protein content, %, (X5,7)  “giondes Darta’  12.0 104 103 10.9

Results obtained in the competitive variety triatsery and in other experiments showed that the
oat line L 28650 combines several traits due toctvithis line surpassed the standard variety
‘Laima’ and which are significant for grain breeslend consumers, such as lodging resistance,
high disease resistance, lower hull content andesdrat, but at the same time significantly, a
higher productivity level.
State variety trial The oat lineL 28650 with the denomination ‘Stendes Darta’ {@iy also
‘Darta’) in 2003 was brought to the Plant Variety itegtdepartment of VAAD to test value for
cultivation and use under conventional farming dtols in variety testing institutions in
Valmiera, Vi%ki and Saldus. The 2-year trial results obtainedifferent regions of Latvia (Table
3) indicated that the productivity level of the variety ‘Stendes Darta’ was equal to the standard
variety ‘Laima’. On average in the two evaluatiaays in three trial sites the oat variety ‘Stendes
Darta’ produced grain a yield 5.22 t Heor by 0.13 t ha' more compare to the grain yield
produced by the standard variety ‘Laima,6s = 0.20 t hd). The highest grain yield was obtained
in 2004 in trials at the Saldus Variety TestingtiStain Kurzeme, lowest — in 2003 in trials in
Viski secondary agricultural school in Latgale.

Table 3. Grain yield of the oat variety ‘StendestBan the State Variety Testing for conventional
farming system, t ha (2003-2004)

Testing site Varieties Years

2003 2004 Mean

standard 'Laima’ 6.17 6.24 6.21

Saldus 'Stendes Darta’ 6.38 6.65 6.52
+/- t ha'to ‘Laima’ +0.21 +0.41 +0.31
Y 0,05 0.33 0.27 0.21

standard 'Laima’ 431 5.04 4.68

Vigki 'Stendes Darta’ 4.44 4.88 4.66

i 'Stendes Darta’ 0.13 -0.16 -0.02

Y 0,05 0.75 0.83 0.56

sstandard 'Laima 4,75 4.83 4.79

'Stendes Darta' 4,96 4,74 4.85

Valmiera standard 'Laima’ * * *

'‘Stendes Darta' 0.21 -0.09 0.06

Y 0,05 0.22 0.18 0.14
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To evaluate its suitability for organic farming, BROO5 and 2006 the oat ‘Stendes Darta’ was
investigated in the State Variety Testing triald lrlJ Study and Research Farm ,Vecauce” and the
State Priekuli Field Crops Breeding Institute oelds certified for organic farming. The results of

these trials confirmed evaluation results befordhstated by Stende oat breeders that the oat yariet
‘Stendes Darta’ also in organic farming system shaeld capacity equal to the standard variety
‘Laima’ (Table 4).

Table 4. Grain yield of the oat variety ‘StendestBan the State Variety Testing for organic fangi
system, t hd (2005-2006)

. . - Years
Testing site Varieties 5005 5006 Mean
standard ‘Laima’ 5.08 4.68 4.88
v 'Stendes Darta’ 5.65 4.69 5.17
ecauce .
. +/- t hato ‘Laima’ +0.57 +0.01 +0.29
Y 0,05° 0.66 0.35 0.37
standard ‘'Laima’ 2.79 3.05 2.92
Priekui 'Stendes Darta’ 2.69 3.08 2.89
+/- t ha' to ‘Laima’ -0.10 +0.03 -0.03
Y 0,05° 0.40 0.57 0.35

On average in the two evaluation years in two s#es the grain yield of the oat ‘Stendes Dartas wa
4.03 t ha', which by 0.13 t ha' outyielded the standard variety ‘Laima {os = 0.25 t h&). In
observation years, the grain yield of the oat ‘B&mnDarta’ fluctuated from 2.69 t Ha(in 2005 in
Priekui) to 5.65 t ha' (in 2005 in Vecauce).

The results from the evaluation of the oat graiality characteristics in different variety testisiges
showed, that hull content in the grain yield of thet ‘Stendes Darta’ was on average by 0.8-1.1%
lower than in the grain yield of the standard vgriéaima’ (Table 5). In case of breeding oats by
conventional farming methods, this index correspohtb food industry requirements (<25%). In
trials established on fields under organic farnmingditions, hull content in the grain yield was 25%
higher both for the standard variety and oat varigtendes Darta’. Results of grain chemical analys
from two variety testing sites, Saldus and Valmistagowed that on average in two testing years the
grain of the oat ‘Stendes Darta’ accumulated by t3.13% more starch compare to the standard
variety. Results of any other parametres analysedhemical composition were equal to those of the
standard variety when research was conducted lyatbr/entional and organic farming methods.

Table 5. Grain quality of the oat variety ‘Stend@arta’ in the State Variety Testing for
conventional and organic farming systems (on tlegae of 2003-2004 and 2005-2006)

Testing site for conventional Testing site for organic

Indices Varieties farming system farming system

Saldus Vigi Valmiera  Priekdi Vecauce
Volume weight, g T standard ‘Laima’ 470.0 454.5 501.5 492.0 505.0
‘Stendes Darta’ 445.0 486.0 495.0 493.0 517.0
Husk content in yield, % standard ‘Laima’  25.50 24.80 25.80 28.00 26.30
‘Stendes Darta’ 24.70 23.00 24.70 28.00 27.10

Crude protein content, standard ‘Laima’
%, (x 5,7) ‘Stendes Darta’ 12.60 12.55 11.35 11.90 14.2
12.60 12.70 11.40 11.80 13.80
Crude fat content, % standard ‘Laima’ 6.7 5.9 6.75 6.50 5.60
‘Stendes Darta’ 6.66 6.1 6.60 6.50 5.90
Starch content, % standard ‘Laima’ 46.2 53.5 47.0 39.2 40.3
‘Stendes Darta’ 48.3 52.4 50.0 40.8 39.3

standard ‘Laima’
Resistance to lodging , ‘Stendes Darta’ 6 4.5 7 9 9
1-9 points 6 5 8 9 9
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Results from lodging resistance evaluation showreat,under conventional farming conditions the oat
‘Stendes Darta’ was by 0.5 to 1 point higher irgtasce. In the organic farming system, lodging wa
not identified in oat trials.

Conclusion

The oat variety ‘Stendes Darta’ (till the year 20D# L 28650), which was developed at the State
Stende Cereals Breeding Institute over the perrodif1993 to 2002 and has been successfully
investigated in VCU and DUS tests, is recommended fbod and feed grain production in
conventional and organic farming systems. Resiilthe variety trial in Stende and other regions of
Latvia suggest that the grain productivity levetlud oat ‘Stendes Darta’ is equal or in particyksars
significantly higher than the productivity level ‘bima’ — the oat variety most widely bred in Lty
The oat variety ‘Stendes Darta’ combines seveadtstidue to which it surpasses the standard variety
‘Laima’ and which are important for grain breedansl consumers, i.e., better lodging resistancé, hig
disease resistance and lower hull content.
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AUZU SKIRNE ‘STENDES DARTA’ UN T AS VERTESANAS REZULTATI

Zute S., Gruntina M., Malecka S.
Auzu &irne ' Stendes Darta’ tlja Nr.28650) ir izveidota Valsts Stendes graudaselekcijas
institata. Ta registréta Valsts Augu aizsartizas dienesta (ge Nr. A-8 no 27.12. 2004.) un iuta
Augu %irnu katalog no 2005. gada.k@ne ir rekomenata partikas un lopbabas graudu ieguvei.
Skirne izveidota hibridizcijas un vaigikkartgjas izlases rezuita. Noverojumi no 1999.1dz 2003.
gadam #ida, ka jaun &irne ir bitiski raZigaka nel standartgirne ‘Laima’ (+0.44 t ha', Rg s =
0.21 t h&). Vidgji parbaudes periadlinija L 28650 bija par dam dieram aginaka, ar auggku
veldres notubu (+ 2 balles) un augdtu izturtbu pret putoSo melnplauku, auzu lapu vaigagrun
miltrasu. irnei rakstufgs augsts tauku saturs graudos &vidk0.46%, salzinot ar &irni
‘Laima’). Skirne ‘Stendes Darta’ ir padijusi stabilus rathas Bditajus un labu konkutsggju ar
nezlém af biologiskas saimniekoSanas apistos.
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CROP MANAGEMENT

IMPACT OF FERTILIZER RATES ON THE YIELD AND QUALITY  OF ALFALFA
ON A SOD PODZOLIC LOAMI SAND

Agafonova L.
Research Institute of Agriculture of Latvian Unisiy of Agriculture, Zemkopibas instituts 7,
Skriveri, Latvia, LV-5125;
phone: +371 5197529, e-mdiidmila562@inbox.lv

Abstract

A 5-year field study was conducted near Skriveatvia at the Research Institute of Agriculture of
the Latvian University of Agriculture. The resutibinvestigations with alfalfa on well-cultivated
sod-podzolic light loamy soil are presented. Isli®wn that the optimum NPK fertilizer dose in
consideration of the size of the yield of dry matiad its nutritive value was; K60, COMes to
8.10 t hd. Mineral fertilizers favour the rise of the colfien of total protein, with higher doses the
collection of protein increased by 1.5 times. Itfmund that in the optimum trial variant
(N2oP12K 160) provided the most alfalfa yield with good qualityhe specific nitrogen removal
amounted to 266 kg HaP,Os -55 kg hd and K0 -271 kg h.

Key words: afalfa, NPK fertilizer, dry matter, protein

Introduction

The yearly deficiency of protein in Latvian feedsdbout 20-30%; this is especially apparent
during the stalled periods. The existing dispraparbetween general food value of feeds and their
protein leads to significant over expenditure a& theds and to the rise of the costs of animal
produce.

Vegetable fodder protein production growth is poigsat the expense of expansion of the sown
area and raising the level of the crop yield chléf.

The value of alfalfa as a fodder crop is determibgdts macrobiosis and high protein content.
Alfalfa produces high yields in both clean crops émgether with grass. One of the key conditions
for the high yields of alfalfa is the optimal inthaction of mineral fertilizers. (Marvin, Robert,
2002). This crop, which is cultivated for feed, haswell-known positive reaction to the
introduction of phosphoric/potassium fertilizers swd-carbonated soils (Hall, Smiles, Dickerson,
2000). But data on the mineral nutrition of alfalfehich is cultivated for feed, when combining
different NPK fertilizers on sod-podzol soils, so &re not sufficient (Kindler, 1996).

Materials and Methods

Field tests were carried out by 24 variants’ schenfech corresponds to 1/9 (6x6x6) of the full
factorial experiment (Peregudov, 1981). The resoftshe research are processed for 5 testing
years.

We examined the efficiency of six levels of ferdrs (including zero level), three factors N, P, K,
where the unit is equal to: N- 20;aR- 60; KO- 80 kg h&.

We studied the cultivation of alfalfa for feed witlouble harvesting. Values of yields are given in
tons of completely dry matter from 1 ha.

Phosphoric fertilizers were introduced manuallytle early spring in one step as granulated
superphosphate, nitrogen (ammonia nitrate) andspdfotassium chloride) fertilizers — separately,
in equal parts, - in spring and after the first begp.

The sod-podzol sandy-loam lay with morainic friabdamy sand. The effervescence from HCI
from the depth of 80-90 cm, the thickness of tdpso28-30 cm, pk — 6.1-6.4. Contents of
available phosphorus,®s— 60-85 mg kg and available potassium® — 101-124 mg kg of soil
(Egner-Riehm DL method.) Contents of organic matt&éb — 19 g kg ( Tyurin method).
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Soil was limed on the basis of full norm by hydtayacidity (5 ton hd of CaCOj3 in form of slate
ash), consequently pkt, of the topsoil increased to 6.6-6.8. During theeriknents, introducing
mineral fertilizers, repeated acidulation did notar. The seeding rate of alfalfa — 20 kg hepace
between rows — 15 cm. In the second year of al&lii@ — early spring harrowing and in the third
year of life - disking.

Data on crops were processed by regression methiocpplication of the model:

Y=ag+aiN+a,P+aK+auN"+aP" *+aK* *+a(NP)" +ay(NK) *+ay(PK)"*,
where: Y is yield, gis absolute term, whiatkefines yield without fertilizers (variantsRKy), & to
& are coefficients, which define the impact of thekNrtilizers on yield (MATLab, 2005).

The evaluation of the reliability of values underdy was conducted on the level of significance of
0.95. The determination of the quality of grassmgtter, of all agrochemical characteristics of soi

and plants, and the examination of grass standmé&ton were conducted according to standard
methods.

The meteorological conditions of the vegetativeseaain the particular years of the studies
differed from the long-term average, but did nghgicantly influence the crop yield of alfalfa.

Results and Discussion

After the Results of the Plant Breeding Departnuath,the crop yield of alfalfa’s dry matter on
neutral soils was 2.8 to 13.5 tons per ha, andgddby year and variety. As is seen from the table
1, yields are not stable (Results..., 2007). By usigeral fertilizers it is possible to get more
stable yields, and by using mathematical modesspbssible to plan the introduction of fertilizers
Therefore, it is very important to know not onlyetimpact of separately introduced fertilizers, but
also their interaction. Considering that the sodswweak-acidic, alfalfa developed well in our
experiment.

Table 1.Crop yield of alfalfa’s dry matter in 200004, tons per ha, (results of Plant Breeding
Department)

Dry matter yield, t ha

Variety 2000 g. 2001 g. 2002 g. 2003 g. 2004 g.
Skriveru 3.2 14.3 10.9 8.9 5.7
Magda 3.0 13.3 10.5 8.5 6.5
ABT-205 2.8 12.6 10.4 8.3 5.5
Jitka 2.7 11.9 9.7 7.8 5.8
Nr.60 3.3 13.5 11.1 9.1 6.7
Vernal 3.4 13.4 10.6 8.8 6.4
Niva 2.9 12.3 10.7 8.6 6.6
Multigen 2.2 10.5 8.3 7.9 5.0
Birute 3.5 12.7 10.8 9.5 6.2
Karli 3.6 12.2 10.2 10.7 75
Average 3.1 12.7 10.3 8.1 6.2

Least significant difference p&0.05=0.16 t ha

In each year of the study, the crop yield of conghe dry matter (DM) of alfalfa (Y23
accordingly by the years of usage, ang-Yfor five testing years) in fertilized variants syan
average, 2.1- 2.4 times higher than in the conteslant. This dependence was defined by the
following production functions:

Y 1=6.22-0.44N°+0.45(NP)’>+0.65 (NK)** R*=0.90

Y,=7.11+0.19N+0.54(PK}> R*=0.81

Y3=6.93- 0.20N+0.56RF+0.52K°+0.16 (NP)** R°=0.96

Y ,=6.93+0.56K°+0.20 (NP)**+0.22(PK}* R*=0.91
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Judging by the value of absolute term of equatidhs, fluctuations of the crop yield of DM,
depending on the year of usage, excluding the itnplaftertilizers, were insignificant. Generally,
yield depended on the level of applied doses dilizars, which is indicated by the high value of
the determination coefficient {R

The increasing dozes of nitrogen provided for thitinuous growth of alfalfa yields i the second
year (Y,) of grass stand usage.

The increasing doses of nitrogen provided for thasecutive continuous growth of the alfalfa
yield in the second year of usage of the grassisfHme alfalfa of the first year (Y of usage was
negatively influenced by separately introducedogjéen fertilizers, and the alfalfa of the third year
(Y3) of usage, after reaching maximal yield witk,Nvas influenced negatively.

Persistent influence on the yield of DM was showmphosphoric and potash fertilizers (Table 2).
Increases of yields after their combined introductyrew with the increase of doses. Both types of
fertilizers were identical. However, the phosphdactilizer was effective only when combined
with nitrogen and potash fertilizers. Potash fezel was effective both separately and combined
with NP fertilizers.

Table 2. The crop yield of the absolutely dry nrafté,) of alfalfa, depending on fertilizers, in
average for 5 testing years.

N P,O5 K50 kg hal
kg ha' kg ha' 0 80 160 240
0 6.57 7.14 7.37 7.55
0 60 7.36 7.69 8.93
120 7.45 7.82 8.1
180 7.52 7.91 8.22
0
20 60 6.77 8.56 7.88 7.55
120 6.85 7.73 8.11 8.14
180 6.92 7.87 8.26 8.38
0
40 60 6.86 7.64 7.97 8.22
120 6.97 7.85 8.22 8.5
180 7.07 8.01 8.41 8.71
0
60 60 6.92 7.7 8.03 8.28
120 6.06 7.94 8.31 8.59
180 7.17 8.13 8.52 8.52

From the paired combinations, the PK fertilizersl ltlae strongest impact slightly weaker £ N
fertilizers.

The maximum practically justified growth of the lgieof DM was about 1.54 t Ha and was
reached by combining 20 kg haf N, 120 kg ha of P,Os and 160 kg haof K,0.

The recoupment by increase of the yield of DM byraducing potassium and phosphoric
fertilizers, as their dozes increased, decreasmd #.5 to 1.8 kg of DM for 1 kg of fertilizers. In
the range of optimal dozes of fertilizers,{R.K 160), €ach kilogram of PK fertilizers additionally
gave 3.32 kg of DM of alfalfa.

The crop yield of alfalfa lies in an average catiein with the height of plants (r=0.32- 0.49). The
regression equation of the dependence of planighhgYs) from fertilizers corresponds to the
following formula: Y;=73.65+5.50(NP}* R*=0.57. It is seen from the equation, that the chanfg
the plants’ height generally depended on the initeeof nitrogen and phosphoric fertilizers. The
influence of potash fertilizers was insignificaiihe level of alfalfa’s sprout-formation lies in sk
correlation with the crop yield of DM (r=0.60-0.79}he number of alfalfa’s culms £ changed
by years of usage in dependence on the doses a$lpaind nitrogen fertilizers. The regression
equation has the following form:s¥175.91+24.69 N -62.63N+0.59 (NK)°* R°=0.65. By the
third year of usage, high dozes of NK fertilizees lto a fall of the number of plants on 1 sq. m.
However, the rest of plants were strenuously #lierthus, the fall of the crop yield of DM did not
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occur. Significant correlation was found betweea theld of alfalfa’'s DM and leaf - bearing
(r=0.63-0.74). The dependence of plants’ leaf -ribga(Y;) from the dozes of fertilizers
corresponded to the following regression equatitr33.3-1.31 N +3.7R+1.2p %°+3 K"

R?*=0.48. Fertilizers increased plants’ leaf - bearimdnich was: with NPKy — 42.3%; with
NoP1oK 160 — 43.5%, and with NP,K 60— 44.6%. Alfalfa is valuable as a high-protein cropus,
the content of raw protein (RP) in its leaves was78- 30.57%. In culms this value was lower:
8.37-15.77%. The yield of protein g¥depended on both the level of the yield of dryttera
(r=0.83-0.89), and the doses of fertilizers, acocwly to the following regression equation:
Ys=1.16+0.07(K) °°+0.08(PK)"* R?=0.65. The vyield of protein generally depended airen
combinations of NK and PK fertilizers, and with hég doses increased by 1.5 times (Table 3).

Table 3. Collection of protein, gY depending on fertilizers, on average for 5 tegyiears.

N P,O5 K,O kg hal
kg ha' Kg ha' 80 160 240

0 0
60 1.24 1.28 1.3
120 1.28 1.32 1.36
180 1.30 1.36 1.41

20 0 1.23 1.26 1.28
60 1.31 1.38 1.42
120 1.35 1.42 1.48
180 1.37 1.46 1.52

40 0 1.26 1.3 1.33
60 1.34 1.42 1.48
120 1.38 1.47 1.53
180 1.40 1.5 1.58

60 0 1.28 1.33 1.37
60 1.36 1.45 1.51
120 1.40 1.5 1.57
180 1.42 1.53 1.61

Changing the level of the mineral nutrition, thenemal contents of alfalfa’s feed also changed. The
content of phosphorus in the alfalfa’s leaves wa340.41%, in culms — 0.21-0.29%. The
introduction of nitrogen and phosphoric fertilizémsreased this value by 1.3-1.4 times. The impact
of potash fertilizers on this value was insignifita

The content of potassium in the yield of alfalfaswaughly equal in all plant’s parts, and was 2.62-
3.05%. Single introduction of potassium fertilizersreased the content of potassium in the feed.
The content of calcium in the leaves was 2.42-3,08%ch lower in culms (0.78-0.98%). The
accumulation of calcium in alfalfa was positivelyfluenced by N fertilizers. The impact of
potassium fertilizers was negative?#R.64). The content of magnesium in the yield déltd
varied in the range 0.17-0.35%. Phosphoric fediBancreased this value.

To estimate the equilibrium of mineral element$eied, the correlatioK: is importants Ca+Mg).
This correlation in DM of alfalfa was optimal — 8,2and even with higher doses of fertilizers lay
within acceptable limits. The removal of nutrie(¥a- N; Y- P,Os; Y11- K;O) from the soil with
the yield of alfalfa, depending on the doses of erah fertilizers, occurred according to the
following equations: ¥=184.91+10.62 (K) °>+13.62(PK)%°, RP=0.85 ; Y;;=44.88+3.95 N+4.74
(PK) °°, RP=0.64 : Y,;=224.66+11.31N-7.1®+24.45 (K) °> R=0.80.

The nature of effect and efficiency of NPK fertdiz on the yield of DM and the removal of the
key nutrients from soil are identical. Thus, theeraction of paired combinations of NK and PK
fertilizers positively influenced the removal otnoigen. The removal of phosphorus depended on
the yield of DM and also from fertilizers. The amowf phosphorus, removed by alfalfa, was
almost four times less than the removal of potassiund nitrogen. The removal of phosphorus
increased with higher doses of phosphoric fertifizeSingle introduction of nitrogen fertilizers
increased the removal of potassium, and each dtajitrogen (Ng) caused an increase in the
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removal of potassium by 11.31kg. Single introduttief phosphoric fertilizers decreased the
removal of potassium from 217.43 kg'h@so) to 188 kg hd with (Pyg0).

The level of the total removal of nutrients is detmed generally by the crop yields of DM of
alfalfa, and less depended on the chemical comgposit

Conclusions

Use of NPK fertilizers is the most effective influencing facion the crop yield of alfalfa, which is
cultivated for feed. With optimal doses of fertdliz (NoP1.K160), the average yield of dry matter
was 8.10 t hia

Mineral fertilizers favour the increase of the tqieotein. The most significant impact is shown by
paired combinations of NandPK fertilizers — with higher doses the increase @it@n increased
by 1.5 times.

With the application of B§P1,0K160, alfalfa removes from the soil with the yield of dnatter 226
kg ha' of N; 55 kg h& of P,Osand 271 kg hidof K,0.
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LUCERNAS RAZTBA UN KVALIT ATE VEL ENU PODZOLETA AUGSNE PIE
DAZADIEM MINER ALM ESLU LIMENIEM

Agafonova L.
Rakst apkopoti LLU a@entiras Zemkopbas ziatniska institita lucernas 5-gadie pEtjumu
rezuléti. Petjumi veikti velenu podzofta augse ar daidam NPK ngslojumu dedm.
Mineralméslojums ltiski palieliraja lucernas Zas masas razu. Pie optith NPK ngslojuma
attieabas (NoP12dK169) ieguva 8.10 t hasausnas.
Mineralmeslojums sek&ja af kopsja protana ieguvi, pie paaugstitas devas NPiooKieo,
protana ieguve palieliijas 1.5 reizes.lojot lucernu ar BhP1oK 16, i€dIta lucernas sausnas raza
no augsnes iznes N-226 kg'’h&0s — 55 kg ha un KO — 271 kg ha

THE EFFECTS OF COVER CROPS AND STRAW ON SOIL MINERA L NITROGEN
DYNAMICS AND LOSSES FROM ARABLE LAND

Arlauskiene A., Maiksteniene S.
Joniskelis experimental station of the Lithuaniastitute of Agriculture, Joniskelis, Pasvalys
district, Lithuania, LT39301, phone: +370-451-38-324, e-mpahiskelio_|zi@post.omnitel.net

Abstract

Seeking to estimate the effects of biological messuy various cover crops in combination with
different straw incorporation methods on the reidmctof soil mineral nitrogen and nitrogen
leaching complex research was conducted at theudntian Institute of Agriculture‘s Joniskelis
Experimental Station on clay loafleyic Cambisolduring the period 2062005. Undersown
legume crops during the pebfarvest period gave the largest reduction in mingteogen in the
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soil: red clover Trifolium pratensel.) — 15.1 %, white cloverT{ifolium repensL.) and Italian
ryegrassl{olium multiflorumLamk.) mixture — 16.4 %, compared with the treathweithout cover
crops. However, having incorporated by a stubbkaker not only stubble but also straw and
having applied nitrogen fertiliser (N 45) for itsimaralization, the content of mineral nitrogen
increased by 15.2 %, compared with the treatmemrevihe plots were stubbleroken without
straw. Having incorporated straw with the additasnmineral nitrogen fertiliser, 9.2 % lower, N
content in the soil was found in the treatment whasver crop white mustar&ifapis albal.)
was sown as a pestrop. In heawtexturedCambisolin spring, higher contents ofJ\.in the soll
and filtration water were found in the treatmentheve the biomass of legume crops was
incorporated in the autumn. Having incorporategether with straw, the J\. content irnthe soil
significantly declined (9.8 %).

Key words: clay loam soil, cover crops, mineral nitrogen, aggn leaching

Introduction

Intensive agriculture where the nutritional neefiplants are met by mineral fertilisers, poses a
threat to ecological balance (Buciene, 2003). Mesearch findings suggest that-60 % of
nitrogen present in surface water is of agricultoerégin. Numerous studies have been done and
recommendations have been provided on the mostbseifertiliser forms and rates, application
timing and methods. However, research on the eaffettthe technologies used on nutrient,
especially nitrogen, immobilisation in the soileafthe harvesting of the main crops, when the soil
during the postharvest period stays without any plant cover ftorg time, is rather scanty. It was
found that intensive crop fertilisation resultsimereased N, content in the autumn (Arlauskiene
and Maiksteniene, 2005). Mineral nitrogen builp and dynamics in the soil depend on soll
texture and humus content, conditions of the grgwperiod, crop and soil management
technologies, especially fertilisers used (minewad organic), their rates and application method
(Antil et al, 2005).Seeking to reduce environmental pollution, adegsatection of preventive
measures is very important when including the eats not utilised by plants into the biological
turnover cycle. With this end in view, technologiesh cover crops that accumulate and localize
in the soil the nutrients left in the biomass a #nd of summer — during the autumn (winter)
period, and during the most intensive leaching demphat prevent the nutrients from being
leached, are widely used in Western Europe. Unldereffect of biological transformation the
incorporated biomass in the following year becotiesnutrient source for crops grown (Reents
and Moller, 2000; ThorugKristensen, 2006). However, after the incorporatibthe nitrogenrich
biomass of cover crops (especially those with aowarcarbon to nitrogen ratio), intensive
mineralization during the early spring period isgible, when the content of |\ increases and
there is a risk of its leaching into ground watéarthoferet al, 2004; Logest al, 2006). An
effective way to prevent nutrient migration intoeger layers during the autumn — is early spring
nitrogen inclusion into the soil’'s organic composantt is the incorporation of the nitrogen-rich
biomass of the cover crops into the soil togethith warbon —rich cereal straw (Dryslova and
Prochazkova, 2002). Experiments carried out in Cekngshow that the proper use of straw not
only reduces mineral nitrogen excess in the sailddso restores soil humus and increases the
stable humic matter content (Luxhatial, 2007).

The study was designed to estimate the effectamdws cover crops in combination with different
straw incorporation methods on the reduction of saineral nitrogen and nitrogen leaching
complex in clay loams.

Materials and Methods

Two analogous trials were carried out at the Lithaa Institute of Agriculture’s Joniskelis
Experimental Station during the periods: 260304 (I experiment) and 2004-2005 (Il
experiment). The soil of the northern part of Caintkithuania’s lowland isEndocalcari—
Endohypogleyic Cambischccording to texture clay loam on silty clay with deeper lying sandy
loam (p2 / m2 / p1). The soil agrochemical progsrin the 0-20 cm layer were as followsxpH
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6.4, humus content of 222 g kg', plant available P and K — 0.052 and 0.220 @ ki soil
respectively.

Experimental design:

Factor A. Winter wheatT{iticum aestivurL.) straw management methods: I. Strawemoved
from the field; Il. Straw- chopped and incorporated.

Factor B. Stubble breaking and cover crops: 1. Wtltover crop, stubble not broken; 2. Without
cover crop, stubble broken; 3. Undersown cover croped clover Trifolium pratenseL.); 4.
Undersown cover crop — mixture of white clov&rifolium repend._.) and Italian ryegrasd.¢lium
multiflorumLamk.); 5. Undersowr cover crop — white mustar&ihapis alba..) broadcastsown
into winter wheat at wax maturity stage; 6. Afteqzicover crop — white mustard diresbwn into
stubble; 7. Aftercrop cover crop — white mustanédi-sown into stubblebroken soil.

The experiment was conducted in the fallowing fotatsequence: winter wheat + cover crop;
spring barley. The effect of cover crops and stma@s monitored by growing spring barley
(Hordeum vulgareL.). Winter wheat ‘Ada’ and spring barley ‘Ula’ wee grown following
conventional technology and fertilised by N 60,8242and K 49.8. The sowing time of cover crops
was for undersown red clover and a mixture of whltever and Italian ryegrass — beginning of
April, for broadcast— undersown white mustard — end of July, for aftgpcwhite mustard —
beginning of August (the very day after the ceteaivest). According to the experimental design
the winter wheat stubble was broken by a combinezhker composed of goose feet coulters
cutting 16-12 cm soil layer, disks incorporating plant resklaed straw and bar rollers levelling
the soil surface. Various sowing methods of coveps were studied: undersowing — by drilling
perennial grasses into winter wheat in spring; @hcaat undersowing — by spreading the seeds of
white mustard at winter wheat wax maturiftercrops — by direct drilling into stubble anddrhe
surface loosened by a combined stubble breaker laiwesting. In order to adequately place the
seeds of cover crops into the clay loam soll, teelge — type coulters of temazone DBowing
machine were fitted with special additions to maldeeper furrow and to achieve better placement
of seed. The seed rate when sowing white mustatddgowing machindmazone Divas 18 kg
ha’, when sowing broadcast the rate was increase® 8%.3The seed rate of undersown red clover
was 15 kg ha, of white clover mixed with ltalian ryegrass 8 +k@ ha'. Mineral nitrogen
fertilisers (N 45) were applied after winter wheatvesting: in background straw removed from
the field (I) to white mustard and in backgroundtraw chopped and incorporated (1) for straw
mineralisation— in all treatments excluding undersown red cloved mixture of white clover and
Italian ryegrass). Soil samples for mineral nitnod@l.,,) determination were taken before the
incorporation of cover crops and straw into the aod early in spring before barley sowing from
the soil profile layer 840 cm. Mineral nitrogen (N9 NH,) was measured by the distillation and
colorimetry method (in 1 N KCI extraction). To maes nutrient leaching, wells-piezometers were
set up (depth-80 cm) after winter wheat harvesting in each bamkgd in two replications to
collect the filtration water. In water samples tReNO; content were determined by cadmium
reduction methods.

The rate of rainfall during the AuguSeptember period in 2003 accounted for 63.7 %efdhg-
term mean, however sufficient rainfall after cropeggence determined good crop establishment
and growth. In winter and early spring (2004) theeof precipitation was lower compared with the
long-term mean, as a result, the probability of nutrieathing was low. During the September
November period of 2004 after the incorporation stfaw and plant biomass, the rate of
precipitation was 43 % higher than the leteym mean. The winter of 2002005 was milder
(especially in January, when the air temperature 4/& °Chigher) than usual. However, the winter
was long and the weather became warmer only inl Apfore crop sowing. The experimental data
were processed by ANOVA and STAT ENG.

Results and Discussion

In the agrocenoses on the soils satiated with-depleting cereals cover crops during pbsirvest
period additionally accumulate organic matter ammhénic elements, better utilise the growing
season and protect the soil from degradation. @rwest amount of aboveground mass 2.55't ha
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of dry matter was produced by undersown red cloviit a longer growing season. The largest
amount of white mustard aboveground mass was foimekde plots of the treatments where the
seed was sown into stubbltiroken soil or directly sown into the stubble 2at®l 2.53 t hid of dry
matter, respectively.

Experiments carried out early in October beforeitlzerporation of cover crops into the soil show
that the content of mineral nitrogen in the uppe4@cm soil profile was on average through all
experimental treatments 0.0067 g'kéyitrate and ammonia nitrogen accounted for 45® 4.1

% of its content. On the background of straw, hg\epread mineral nitrogen fertiliser for its more
rapid mineralization, N, tended to increase (on average 1.5 %) (Table 9. Aigher mineral
nitrogen content on the background of straw wasrdehed by ammonia nitrogen. Spread on the
soil but not incorporated into the soil straw pantirotected the soil from large temperature
variations and conserved productive moisture resetlius creating favourable a climate for the
emergence and development of cover crops.

Table 1. Effect of cover crops sowing and stramgisnethods on the soil (layer0 cm) mineral
nitrogen content (g kgsoil) in autumn before the incorporation of therbass of the cover crop
(mean date from 2082004)

Straw using methods (A)
straw removed from straw chopped and

means for factor B

Cover crops and their sown methods the field incorporated
(B) N relative _ relative _ relative
E'":i number, E'":i number, E'”:i number,
g kg % gkg % g kg %

\é\:gﬂgﬁt cover crop, stubble not - 537 100 00076 1086  0.0073 100
Without cover crop, stubble broken 0.0066 94.3 P00 108.6 0.0071 97.3
Undersown cover crop — red clover 0.0060 85.7 ®006 92.9 0.0062 84.9
Undersown cover crop —mixture of 5563 g0 00058 829 00061 836
white clover and Italian ryegrass
Undersown cover crop — white
mustard broadcast—sown into winter 0.0065 92.9 0.0066 94.3 0.0066 90.4
wheat at wax maturity stage
Aftercrop cover crop — white mustard
direct—sown into stubble

Aftercrop cover crop — white mustard, 579 1043 g00gg 986  0.0071  97.3
direct—sown into stubble—broken soil

Means for factor A 0.0067 100 0.0068 101.5 0.0068

0.0070 100.0 0.0072 102.9 0.0071 97.3

LSDys (A) = 0.00030; LSI (B) = 0.00057; LSi; (AB) = 0.00080

Having incorporated cereal roots and stubble sijlat 16-12 cm by the stubble breaker, the
contents of the mineral nitrogen declined, whiakated a reduction in the mineral nitrogen content
of 5.7 %, compared with that in the treatment withbroken stubble. However, having
incorporated by a stubble breaker not only stulthle also straw and having applied nitrogen
fertiliser (N 45) for its mineralization, the conteof mineral nitrogen increased by 15.2 %,
compared with the treatment where the plots werdgbé¢—roken without straw.

Seeking to reduce nitrogen accumulation in the, sdilich increases the risk of leaching, white
mustard was sown as an aftercrop. On the backgraithdut straw having broken stubble and
having applied mineral nitrogen fertiliser for th&art growth of mustard, the content of mineral
nitrogen was the highest, its content increased.Byand 10.6 %, respectively, compared with the
check and stubbidéroken treatments. In an analogous treatment oayng incorporated straw
into the topsoil by a stubble breaker nitrogentfoincreased and there was less mineral nitrogen
in the soil. The effect of white mustard as anrafgp on mineral nitrogen content in the soll
depended on the sowing method of white mustardté\thustard undersown at cereal early wax
maturity (and having incorporated the start dosmioieral nitrogen fertiliser), was at the intensive
nutrient utilisation stage (Thoragristensen, 2006), therefore better utilised batih &d mineral

198



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

fertiliser nitrogen and reduced,| in the soil by 7.1 %, compared with the check tresait.
However, mineral nitrogen tended to increase hagimgn mustard into stubble after harvesting,
especially in the soil where straw had been spread.

On both backgrounds undersown legumes significaimityeased the revivification of mineral
nitrogen in the soil profile. Literature sourcegligate that in autumn cover crops can reduce
mineral nitrogen content in the soil by-Z® kg ha (Farthoferet al, 2004 ). Undersown grasses
grown as cover crops have a welkveloped root system, as a result, after cergakbhting they
better utilise the nitrogen remaining in the saimpared with white mustard as an aftercrop,
moreover they do not need mineral nitrogen feeibs After the incorporation of the cover crops
biomass there was less mineral nitrogen on thedoaokd without straw where red clover was
grown, with straw — white clover and ryegrass migtuwhich made up 14.3 and 17.1 % less,
compared with the check treatment.

The mineral nitrogen content in the soil profile $pring had some effect on the nitrogen
concentration in the soil filtration water (Tablg ©n both straw utilisation backgrounds nitrate
nitrogen content in the soil filtration water wagrsficantly increased by the biomass of legume
crops incorporated in the autumn. As literaturerses indicate, nitrate nitrogen depends on the
nitrogen content accumulated in the cover cropmbgs, and according to the nitrogen content in
the soil solution the plants can be ranked in wiwing order: legumes > legume and ron
legume mixture > neAegumes (Rinnofnest al. 2005).

Table 2. Effect of cover crops and straw using m@shon the nitrate nitrogen NIO3) leaching
from the soil in spring period (mean data from 288205)
Straw using methods (A)

straw removed  straw chopped and means for factor

from the field incorporated B
Cover crops (B) relative relative relative
mgl* number, mgl* number, mgl' number,
% % %
Without cover crop 6.11 100 7.80 127.7 6.96 100
Undersown cover crop — red clover 15.50 253.7 12.0 196.4 13.75 197.6
Aftercrop cover crop — white mustard 13.1 214.4  168. 133.6 10.63 152.7
Means for factor A 11.57 100 9.32 80.6 10.44

LSDos (A) = 3.141; LSQs (B) = 4.440; LSRQs (AB) = 6.282

The use of straw for fertilisation reduced (on ager 9.8 %) nitrate nitrogen content in filtration
soil solution. Having incorporated straw, afteruege crops, the content of nitrate nitrogen in
filtration water declined by 11.3 %, white mustésd18.9 %, compared with analogous treatments
without straw. This nitrate nitrogen concentratiarsoil filtration water is not high. The data of
long—term experiments conducted in Lithuania suggest ti@ average nitrate nitrogen
concentration in lysimetric water of different soibnged from 49.2 to 83.7 mig(Tyla, 1995).

In spring after the incorporation of the cover @dpomass and straw the content of nitrogen in
heavy-textured soil at the-80 cm layer was found to be almost the same astinmran — 0.0068 g
kg™ soil or 34.0 kg ha(in average) (Table 3). The data of the trials cmted in Austria indicate
that after the cover crops incorporation, in sprihg content of mineral nitrogen markedly
increases (in the-@B0 cm layer 60 kg hd, in the 8-120 cm layer 120 kg hd) (Farthoferet al,
2004). At the beginning of the plant growing seasoneral nitrogen varied in a slightly different
way than in autumn. The greatest increase iy, Montent in the soil occurred after the
incorporation of red clover and white clover and tlyegrass mixture. This results from the fact
that during the period of autumn, winter and eayying during the breakdown of incorporated
biomass of legumes, a higher content of nitrogerleased compared with that after incorporation
of nomHegume cover crops. After red clover and white elowith ryegrass mixture, JW
increased by 18.3 and 17.5 %, straw incorporagaluced its content by 3.1 and 5.2 %, compared
with analogous data in autumn. Having incorporatea-Hegume crop — white mustard the content
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of mineral nitrogen declined on both backgroundséet for the treatment where mustard was
sown into broken stubble), which is indicated byestauthors (Reengd al, 2000).

Table 3. Effect of cover crop sowing and straw gsmethods on the soil @0 cm) mineral
nitrogen content (g kbsoil) in spring (mean data from 2004—2005)
Straw using methods (A)
straw removed from straw chopped and

means for factor B

Cover crops and their sowing the field incorporated
methods (B) _ relative _ relative _ relative
min.y number, ™4 number, M4 number,
g kg % g kg % g kg %
‘t’)\r’gﬂgﬁt covercrop, stubble not 4 5575 1900 00069 920  0.0072 1000

Without cover crop, stubble broken 0.0068 90.7 6300 90.7 0.0068 94.4
Undersown cover crop — red clover 0.0071 94.7 or006 89.3 0.0069 95.8
Undersown cover crop —mixture of , nn74 937 00061 81.3  0.0068  94.4
white clover and Italian ryegrass
Undersown cover crop — white
mustard broadcast—sown into winter 0.0062 82.7 0.0065 86.7 0.0063 87.5
wheat at wax maturity stage
Aftercrop cover crop — white mustard
direct—sown into stubble

Aftercrop cover crop — white mustard, 527 1557 90067 89.3  0.0072  100.0
direct—-sown into stubble—broken soil

Means for factor A 0.0071 100 0.0065 91.5 0.0068

LSDys (A) = 0.00023; LSIs (B) = 0.00042; LSl (AB) = 0.00060

0.0067 89.3 0.0061 81.3 0.0064 88.9

The greatest reduction in mineral nitrogen conteaaurred having incorporated straw into broken
and unbroken stubble (10.5 and 9.2 %, respectivetynppared with the respective data obtained in
the autumn. A reduction of 15.3 % in mineral niogwas also recorded having diresdwn
mustard into stubble with straw, compared with eespe data in the autumn.

In spring ammonia nitrogen accounted for the ldargkare (59.6 %) than nitrate nitrogen (40.4 %)
in total mineral nitrogen. After straw incorporati@ significant reduction in mineral nitrogen
contents occurred compared with the treatmentseviner straw was removed. Here the content of
the mineral nitrogen was 8.0 % lower, compared wite check treatment. Autumn stubble
breaking with and without straw tended to reduceerdl nitrogen content in the soil 9.3 %,
compared with the check treatment, or by 1.4 %, pamed with the treatment where straw was
spread in the autumn. The highest content of mingiteogen was found on the background
without straw, like in the autumn having incorpehtvhite mustard sown into broken stubble. The
non-legume cover crop, white mustard, significantlyuesgdd the mineral nitrogen content in the
soil, whereas legumes tended to increase mindraben.

Conclusions

Undersown legume crops during the pbstrvest period gave the largest reduction in minera
nitrogen in the soil: red clovet(ifolium pratensd..) — 15.1 %, white cloverT{ifolium repend..)

and lItalian ryegrasd ¢lium multiflorumLamk.) mixture — 16.4 %, compared with the treattme
without the cover crop. Having incorporated cestedw and having applied nitrogen fertiliser (N
45) for its mineralization, the content of minenétrogen increased by 15.2 %, compared with the
treatment where the plots were stublbleken without straw. While incorporating straw lwihe
addition of mineral nitrogen fertiliser (N 45), @2 lower Ny, content in the soil was found in the
treatment where cover crop white mustard was samhe aftercrop. In spring, higher contents of
Nmin. In the soil and filtration water were found in ttreatments where the biomass of legume
crops was incorporated in the autumn. Having ino@ied it together with straw, the nitrate
nitrogen content ithe soil filtration water declined (9.8 %).
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UZTV EREJAUGU UN SALMU EFEKTIVIT ATE AUGSNES MINERALA SLAPEKLA
DINAMIK A ARAMZEM E

Arlauskiene A., Maiksteniene S.
Lai noskaidrotu datdlu uztergjaugu un to kombigiciju ar salmiem biolgiskas iesgjas samazist
augsnes minéla slapela izskaloSanos minglaugsigs, Lietuvas Zemkapas institita Jonigelu
izmeginajumu stacifi smilSnila augsd Gleyic Cambisolperiodi no 2003.-2005. gadam tika
ierikoti kompleksi izmeginajumi. TaurnzieZzu pasgja pecnovakSanas periad nodroSiaja lielako
minenla slapeka samazi@jumu: saidzinajuma ar kontroli, sarkanaisbolin$ (Trifolium pratense
L.) par 15.1 %, badt abolina (Trifolium repensL.) un daudzziedu airene&dlium multiflorum
Lamk.) mai§ums- par 16.4 %. Ta, atliekas ieKaujot ne tikai rugjus, bet ar salmus un to
mineralizcijai lietojot shpeka neslojumu (N 45), minaila slapeka saturs pieauga par 15.2 %,
saidzinot ar rugju variantu bez salmiem. l&wujot salmus ar minala slapekia neslojuma
piedevu, par 9.2 % zeiks N, saturs augentika konstaits apstide, kur ka uzt\erejaugs tika
séta balt sinepe Ginapis albal..) Smags Cambisolaugs@s pavasaraugsiks N, saturs augsn
un filtracijasaden tika konstaits variantos, kur rudénika iedauta taumiziezu biomasa. lé&ujot
to ko ar salmiem, I\, saturs augsnbitiski samazigjas (9.8 %).
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THE EFFECT OF MINERAL AND ORGANIC FERTILIZERS ON PO TATO TUBER
YIELD AND QUALITY

Baniuniene A., Zekaite V.
Lithuanian Institute of Agriculture’s Perloja Expeental Station, Perloja,Varena dist.,LT-65373.
phone: +37031047624, e-maileb@perloja.lzi.lt

Abstract

Experiments were conducted at the Lithuanian umstitof Agriculture’s Perloja Experimental
Station during the period 1994-2005. They weregiesi to estimate the effects of organic and
mineral fertilizer combinations on potato tuberlgiand quality. The soil of the experimental site
is sandy loanHapli Albic Luvisol.In the long-term experiment the tests were dona four —
course crop rotation. Potatoes were grown withadtsith farmyard manure (40 t Hacombined
with various mineral fertilization (BP()K(), NooPoo; PaoK 120, NooK 120, Nog P90K12O)-

The long-term experimental data suggest that fardhgeanure (FYM) increased potato tuber yield
by 35 - 82 %, depending on fertilizer combinatiokneral fertilizer efficacy on the background
without FYM was by 28 % higher. The highest tubielg/increases (3.8-6.0 t Hawere obtained
having used fertilizer combinations with nitrogéihese combinations increased tuber yield on
both backgrounds by 32-93 %. Potato crops appli¢idl enly mineral fertilizers contained higher
starch and dry matter contents in tubers compariéd tvose applied with FYM and mineral
fertilizers. Fertilizer combinations with potassiu@nded to reduce starch and the dry matter
content in tubers.

Key words: potatoes, starch, dry matter, farmyard manure, rairertilizers

Introduction

Organic and mineral fertilization improves lighitered soils’ physical properties and water and
warmth regime. Systematic fertilization not onlgr@ases crop yield but also alters its quality, and
results in the higher buildup of nutrients in thelg (Bagdonieneet al., 1998). Crop yield and
mineral fertilizer efficacy depend on the contesit@available phosphorus, potassium and mineral
nitrogen in the soil (Simanaviciere al., 1996, Shielcet al.,1997). It has been found that nutrients
present in mineral fertilizers are more effectivart the equivalent amount of these nutrients
present in farmyard manure (Bagdoniesteal., 1998), therefore mineral fertilizer efficacy for
potatoes was noticeably higher than that of orgéenittlizer (Antanaitiset al., 2000). Depending
on the mineral fertilizer forms, rates and nutrigatios, the contents of dry matter, starch, protei
and other substances may either increase or decr&asessive nitrogen fertilization reduces
starch, dry matter and sugar contents in tuberspatatoes go bad more rapidly during storage
(Simanavicieneet al., 1996). This results from the fact that nitrogenrpotes growth of potato
vines, and when lasting drought occurs, the vihashave grown the largest, are most dramatically
affected and the growing season is extended, threrddy the time of harvesting, tubers may not
have been able to mature completely and reach nadxdry matter content, the starch is
accumulated less rapidly, and part of it is useddgpiration (Ambergeet al.,1997). Dry matter
content is affected by various factors, among whiah most significant are the following ones:
tuber maturity, growth character, plant nutriend amater uptake (Haris, 1992). They were
designed to estimate the effects of organic aneralrfertilizer combinations on potato tuber yield
and quality.

Materials and Methods

The long term tests were done in a four-course ootgtion (1. winter rye, 2. potatoes, 3. spring
barley, 4. lupine and oats mixture for green manuPotatoes were grown with and without
farmyard manure (FYM), according to the followingneral fertilization scheme: 1.;NPKoy 2.
NooPoo  3.RoK1204. NyoK 120 5.Ngg PogK 120

The soil of the experimental site is sandy lodtapli Albic Luvisol. Soil agrochemical
characteristics: pH — 4.1-5.7,® - 187-320, KO- 193-251 mg K§ humus — 1.10-1.34 %.
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Potatoes and other crop rotation plants were euétv following the soil and crop management
practices recommended for light soils. Dependinghenweather conditions, potatoes were planted
at the end of April — first half of May. The tests/olved potato cultivars ‘VoX and ‘Goda’
planted at a seed rate of 3.5 - 4t lhad replicated four times.

Mineral fertilizers — ammonium nitrate, granulataaperphosphate and potassium chloride were
spread in spring prior to potato planting and wieorporated into the soil by a harrow. Solid
FYM 40 t ha' was applied in the autumn before ploughing. Chahpiant protection agents were
used according to the need against the Coloraditels®d potato late blight. Before harvesting, 5
potato plants per plot were removed for tuber samgp{in total 40 samples). The tubers were
tested for starch content (g Rgby specific weight Demin method and for dry mattentent.
Experimental data were processed by ANOVA and @rom-regression analysis methods.

Results and Discussion

The present paper presents the results from théhkae rotations (IX (1994-1997), X (1998-2001)
and XI (2002-2005). The data averaged over 12 yaajgest that potato tuber yield, starch and dry
matter contents varied in relation to organic amadenal fertilization and the weather conditions.
Moisture is an important factor when seeking higbpcyields in light-textured soils. Comparison
of the three rotations indicated that the highéslidg were obtained in the Xl rotation, when the
precipitation amount that fell during the growingason amounted to 392 mm, while the lowest
yields were obtained in the IX rotation with a memacipitation amount of as low as 279 mm. The
relationship between the yield and precipitationoant is expressed by the equatiamthout
FYM -y = 0.0044x + 3.64552 = 0.9578; with FYM - y = 0.0073x + 4.9076, 0.9997. Mineral
fertilizer efficacy for potatoes on the backgrowrithout FYM was by 28 % higher (Table 1).

Under the effect of these fertilizers potatoes dgdl best having used fertilizer mixtures with
nitrogen. Higher starch and dry matter contentsewdentified in potato tubers grown without
FYM. Phosphorus did not have any appreciable eftacttuber quality. Mineral fertilizers,
especially in combinations with potassium fertitizeended to reduce both starch and dry matter
content.

Table 1. The effect of mineral and organic feréitiz on potato tuber yield, starch and dry matter
contents (Perloja, data averaged over 1994-2005)

Organic fertilizers

Without manure With manure
Mineral Rotation
fertilizers IX X XI average IX X XI average
Yield t ha'
0 5.33 6.76 7.13 6.41 10.30 11.92 12.67 11.63
NggPao 9.10 10.88 11.34 10.44 4185 15.40 17.40 15.88
PooK 120 773 807 8.44 8.08  12.05 1357  14.75 13.46
NgoK 120 7.55 10.44 12.68 10.22 1248 15.43 18.26 15.39
NooPaoK 120 12.30 12.43 12.48 12.40 1535 16.32 18.22 16.63
LSDys 0.83 0.63 0.91 2.24 0.94 1.06 1.23 1.44
starch content g kg
0 179.5 165.8 165.9 170.4 171.8 147.7 156.1 158.5
NggPao 184.5 157.7 161.5 167.9 176.8 144.9 154.1 158.6
PooK 120 158.0 146.3 146.9 150.4 156.0 137.6 144.3 146.0
NgoK 120 151.8 149.2 144.3 148.4 152.3 130.5 141.0 141.2
NogPooK 120 163.0 1441 1503 1525 1553 1333 1455 144.7
LSDys 0.85 0.86 0.51 0.88 1.07 0.73 0.45 0.58
dry matter g kg
0 242.9 240.8 241.7 241.8 224.6 226.4 218.8 223.3
NgoPao 247.7 243.7 239.1 243.5 224.8 232.1 219.2 225.4
PyoK 129 209.9 225.9 220.3 218.7 208.3 201.5 210.8 206.9
NgoK 120 207.5 227.0 218.6 217.7 206.1 217.9 218.4 214.1
NooPaoK 120 215.3 225.5 222.3 221.0 210.5 205.1 211.7 209.1
LSDys 1.00 1.80 1.53 1.08 0.79 2.35 3.28 1.11
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It was found that application with FYM and minefaitilizers gave a tuber yield increase of 61 %,
compared with the yield obtained using only mindetilizers (RepSienet al., 2006). Other
authors indicate that incorporation of 50 and 6@t FYM can give a tuber yield increase of 20
and 23 %, respectively (Ciganetal.,2001, Simanavicienet al.,2001).

Our experimental evidence shows that dependinghenntineral fertilizer combination, FYM
increased potato tuber yield by on average 35 %82Zompared with potatoes applied with only
mineral fertilizers (Fig. 1). The effects of FYM gotato tuber yield is described by the following
regression equation y = 0.8634x + 6.3874, r2 =®196YM application improves potato growth,
development and nutrition conditions, extends eatriuptake time, which in turn results in a
higher tuber yield (Birietienet al, 1994).

tha?

——e— Withaut manure

- - ¢ - - With manure

Treatments
0 NP PK NK NPK

Figure 1. The effect of organic and mineral fexéilis on potato tuber yield, tha

To produce 20 t hhof tuber and 10 t Ravine yield, potatoes utilize about 100 kg of niten, 40

kg of B,Os and 180 kg of KO from the soil (Simanaviciergt al, 2001). It was determined that in
the soils high in phosphorus, phosphorus fertilimatid not result in any appreciable tuber yield
increase (Mazvila, 1998). Research done in Gerrhasyshown that, taking into account the status
of potassium in the soil, potassium fertilizers digeay not result in any yield increase, and
potassium chloride may reduce starch content iartufPienz, 1999)n our research the most vital
element for potatoes was nitrogen. The highestlyigreases (3.8-6.0 t fawere obtained using
fertilizer combinations with nitrogen (Figure 1)hd combination of only PK increased the yield
only insignificantly. The highest dry matter andrsh contents were accumulated in the tubers of
crops fertilized with mineral, not organic fertiizs (Stimumaet al, 1990).

However, other researchers have reported that hgjaech contents in tubers accumulate when the
crop is fertilized with only FYM or with FYM and ¥ mineral nitrogen and potassium fertilizer
rates (Lazauskest al, 2001).

Our findings suggest that tuber starch content dnd matter directly depended on FYM
fertilization. These relationships can be expressethe following equations: starch -y = 0.7737x
+2.7637, %= 0.9688, dry matter - y = 0.5957x + 7.96745 0.8643.

Potatoes applied with only mineral fertilizers hgd4.5 — 11.9 g k§ higher starch content, by 3.6
— 18.5 g kg higher dry matter content compared with the figettion treatment applied with 40 t
ha® FYM and mineral fertilizers. However, mineral fhrers, compared with unfertilized
treatment, reduced starch content by 1.5 -12.9 ciygdmatter content by 0.7 — 10.0 percent
(Figure?2).
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Without manure With manure

Starch

%
content

6,0 4

Dry
matter

- Xl rotation +— average

Figure 2. Starch and dry matter variation (percentyibers in relation to mineral fertilizer
combinations.

To achieve high tuber quality it is recommendedetdilize less with nitrogen and to increase
phosphorus and potassium fertilizer rates (Vos919%/ith the application of moderate potassium
fertilizer rates starch content in tubers increasempared with that in tubers that had received lo
potassium fertilization. However, with more aburnidaotassium application the contents of starch
and dry matter tend to decline (Pienz, 1999).

Our research evidence shows that potassium fertilizeduced starch content in tubers by on
average 1.3-2.2, and dry matter by 0.9-2.4 pergerntiaits, compared with completely unfertilized
or fertilized with only NP tubers (Figure 2). Thariations of starch and dry matter contents in

potato tubers grown on the background of FYM wessér than those of potatoes grown without
FYM.

Conclusions

Depending on fertilizer combinations, farmyard ma&gave a potato tuber yield increase of 38 -
82 %.

Of mineral fertilizers, the most effective were mouto be the phosphorus and potassium
combinations with nitrogen fertilizer, under théeet of which the yields increased by 32-93 %.
Potatoes fertilized with only mineral fertilizeradhhigher starch content and the highest dry matter
contents, compared with those fertilized with FYNMianineral fertilizers.

Fertilizer combinations with potassium tended tolide starch and dry matter contents in tubers.
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MINER ALA UN ORGANISKA MESVLOJUMA IETEKME UZ KARTUPE LU BUMBULU
RAZU UN KVALIT ATI

Baniuniene A., Zekaite V.
lzmeginajumi tika veikti Lietuvas Zemkapas institita Perloja izraginajumu stacij laika period
no 1994.-2005. gadam. Tie tikaapbti, lai noErtétu organisk un mineélméslojuma kombiaciju
ietekmes uz kartupe bumbyu raZzu un kvaliti. liglaicigais izngginajums tika veikts smilSaia
augsr Hapli Albic Luvisolcetru-lauku augu sakKartupéi tika audzti bez un ar tsnesliem (40
t hal) komblrﬁC”ﬁ ar dazdu mineﬁlméSIOjuma devu (IbPOKO, NgoPoo; PooK 120, NogK 120, Nog
P90K120)-
Dati liecina, ka atkaba no neslojuma kombiacijas Kitsnesli (FYM) palielina kartupki bumbuu
razu par 35 - 82 %. Ming@iméslu iedarba fora bez FYM bijaidz 28 % augéaka. Visaugstkie
bumbuu raZzas pieaugumi (3.8-6.0 tfatika iediti, izmantojot mdslojuma kombiacijas ar
slapekli. §s kombiricijas palielija bumbiu razu abos fonos par 32-93 %. Milewslu fora
bumbdiem bija auggiks cietes un sausnas saturgsMjuma kombigacijas ar kliju sekntja cietes
un sausnas saturu samazsianos bumhbos.

OPTIMIZATION OF ENVIRONMENTALLY FRIENDLY CULTIVATIO N
TECHNOLOGY OF OILSEED RAPE UNDER LATVIA AGROECOLOGI CAL
CONDITIONS.

Borovko L.
Research Institute of Agriculture of Latvia Uniatyi of Agriculture, Zemkopibas indiis 7,
Skriveri , Aizkraukle distr., Latvia, LV-5125, phone3¥1 5197639, e-maiborovko@inbox.lv

Abstract

Field trials were carried out on the soddy-podzaelimdy clay soil of the Research institute of
agriculture in Skriveri. The effect of increasingetrates of nitrogen and potassium fertilizers
(NgoKeo, NggKgo, N1goK100, Ni2oK120, N1adK140) kg ha! on the spring oilseed rape and quality was
tested against the phosphorus backgrougdDRiring the trial were tested half rates (0.5 T)haf

the container mixtures of growth regulators andyfoies: Moddus + Folicur, Moddus + Juventus;
Cycocel + Folicur, Cycocel + Juventus, by spraythgm throughout plant florescence-bud
formation. The results of three-year field triat®w that the application of nitrogen and potassium
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fertilizers ensured a positive influence on thedsgelds and the quality of seeds of spring oilseed
rape. The highest seed yield was obtained wheadating NogK 20— 3.25 t hd. The use of NK
fertilizers promoted the accumulation of proteind®¢24 %, but decreased the content of oil 47-44
% in the seeds. Totally, oil yield made up 977-1341ha' depending on the rates of mineral
fertilizers. The highest oil yield — 1341 kg “havas obtained when DK 100 Was applied. The
application of the studied mixtures of preparatiensured the yield increase of seeds 0.62-0.91 t
ha' and oil yield to 282-441 kg HaThe best preparation mixture was the Cycocel lic#io what
provided the oil yield 1389 kg Ha

Key words: spring rape, fertilizers, growth regulators, fundgs, yield

Introduction

Beside seed productiveness, during the cultivabhgpring rape, of great importance is the
biochemical content of the seed rape that charaeténe food and nutrient values of the culture.
The research made by many scientists proves thatdhtent of the seed rape, to a great extent,
depends on weather conditions, the variety, andaginetechnical cultivation method9xosunk,
2006, XXomuk, 2006). Nutrient deficiency quickly causes intptran of growth, yield and seed
quality inhibition of spring oilseed rape. Phospi®wis necessary for the formation of the strong
assemblage of rootlets, increase of seed yieldsaaceleration ofmaturation. Oilseed rape plants
are supplied with phosphorus mainly at the expeafseserves in soil (70-80 %) as oilseed rape
assimilates well the background phosphorus fronsthlgSchroder, 1992).

There is no consensus of opinion in the scientiticature regarding the influence of potassium on
the spring oilseed rape seed yields and seed wyud#itcording to V.P. Savenkov (2000),
application of potassium fertilizers has not leadtbstantial increase in the seed yields, and had
just a slight influence on the protein content aildcontent of oilseed rape seeds. The tests chrrie
out in Germany show that full-value nutrition inases both the seed yield, by 0.02-0.031, lznd

the oil content in the seeds.

It is considered that the basic element that aff¢loe yield and the seed quality is the nitrogen
fertilizer. Provided that a correctly set dose jpleed, nitrogen increases the seed yields while
overdosage can promote lodging of plants, outbidafungi diseases and the reduction of oil
content in seeddI{maap u ap., 1999). In order to achieve sufficient formatiointhe seed yields
components, a split of the introduced doses obgén fertilizer is recommended. The first dose of
fertilizer 60-80 kg hawas introduced before sowing, or immediately afterhile the second - 40-
60 kg hd — at the stage of formation of stems (Betal.,1990; Cramer, 1990; Feger, Orlovius,
1995; Finck, 1991; Fruchtenicét al.,1993; Sturnet al, 1994).

The influence of the growth regulators on the yigldeeds was studied, in essence, on the winter
rape, for the purpose of the shortening of the stémlants, the stimulation of the formation of
lateral flights and auxiliary buds, reduction oé thanger of lodging, guaranteeing the high content
of oil and uniform ripening of pods on the main datkral flights (Makowski, Gienapp, 1998;
VoSak a kolektiv, 200Q]Imaap u ap., 1999).

There is an assumed hypothesis that the use afgaitrpotassium fertilizers and container
mixtures of growth regulators and fungicides aftbetyield and the quality of spring rapeseeds.
Materials and methods

Field trials in 2001— 2004 were conducted in sodgpdzolic sandy clay pH- 6.2, organic matter
content 33 g kg (method of Turin), FOs content (high) 195 mg Kg K,O content (medium) 147
mg kg (DL method). The clay parameters fit for oilseederaultivation. Their predecessor was
autumn fallow. Conventional farming techniques wesed. Prior to sowing the spring oilseed rape
*Olga’, there were applied mineral fertilizeg©OP70xg ha'in the form of superphosphate;&in

the form of potassium chloride, and nitrogen in fibren of ammonium nitrate. The following NK
rates were studied: 0, 60, 80 (60+20), 100 (60+2B), (60+60) and 140 (60+80) kg hadNsK
was introduced as a basic fertilizer, and at thgesbf stem formation 20-80 kg haccording to
variants.

Field trials were tested using the following prepgEms with the aim to increase the impact
performed by the applied growth regulators/fungcidixture on the seeds yield und quality and
efficiency concerning disease elimination: fungickblicur (tebucanazole 125 g, triadimephone
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100 g 1Y, Juventus (metconazole— 60 g kg),1and plant growth regulators. Moddus 250 e.k
(trinexapac-ethyl 250 g™ and Cycocel 750 (chlormequate chloride 7504 During the trials
preparations were tested applying half doses (W&%), creating the preparation mixtures: Modus
+ Folicur, Modus + Juventus; Cycocel + Folicur; 6gel + Juventus, by spraying them throughout
plant florescence-bud formation (GS 50). As a ryleeparation effectiveness within mixtures
increased. Data analysis was done by ANOVA (Arhiolalina, 2003). Interactions between
factors were calculated using the dispersion argalys

Results and Discussions

There is a point of view that that mineral fertlig had exerted a positive influence on growth and
development of spring oilseed rape plants and thishe end, redounded considerably upon the
volume and quality of harvest of seed3ufrok, benssckuii, 1999; Bypsixos, 1990). In our
researchthe seed yields of spring oilseed rape "Olga’ flated from 2.24 — 3.25 t AaThe use of
nitrogen and potassium fertilizers at the rate@k§ ha' to 120 kg hd substantially increased the
oilseed yield. The further increase of nitrogen pothssium rates did not lead to rise of the spring
oilseed rape seed yields (Figure 1). The highesd ge=ld was obtained when introducingxdd 120

— 3.25 t hd rape oilseeds. The increase of harvest when intingwitrogen 60-140 kg Haand
potassium 60-140 kg Hdertilizers was 0.64-1.01 t H{LSDy 5= 0.31 t ™).
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=3O il yields, t ha-1 —1 Protein yield, t ha-1

Seed yields, t ha-1

Figure 1. Productivity of spring rape oilseeds épendence of NK mineral fertilizers

Mineral fertilizers caused a considerable increaggotein content of the spring oilseed rape seed
yields and that corresponds to the research results of Saffenkov Casenkos, 2007). As a result

of the introduction of nitrogen and potassium fizers, crude protein content increased by 0.47-
2.10% (Figure 2). The change in crude protein adnie spring oilseed rape seeds under the
influence of different rates of NK fertilizers care represented with straight-line regression
equationy = 0.0139x + 21.81; &= 0.8841 (Figure 3). The value of the coefficiehtorrelation (r

= 0.91) points to a close linear relationship eéngsbetween the searched factors. With the increase
of NK fertilizer rate, the oil content gets lowerrf0.86 — 3.54 %, and there has been noted a close
correlative feedback (r = -0.97). The change ofcoittent is reflected by regression equity -
0.0243x + 47.753; R= 0.9325 (Figure 4). The quality indicators areaislose reciprocal reverse
correlative dependence (r = -0.98).
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Figure 2. Oil and protein content in spring rapedsein dependence of NK mineral fertilizers
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Figure 3. Linear regression interrelation betwdendontent of protein in the seeds of spring rape
and the rates of the NK fertilizers
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Figure 4. Linear regression interrelation betwdendontent of oil in the seeds of spring rape and
the rates of the NK fertilizers
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In spite of the reduction in the oil content of #exds, the total yield of oil made up 977-1341 kg
ha' depending on rates of mineral fertilizers. The kighyield of oil - 1341 kg hawas obtained
when introducing 120 kg Haf nitrogen and 120 kg Haf potassium fertilizers.

The results of field experiences confirm that tipplization of growth regulators in the mixture
with the fungicides had a positive impact on thelds of theseeds and seed quality of spring rape.
(Table 1). On average, throughout all the threesyghanks to the application of growth regulators
and fungicide mixtures the summer rape seed yeddentially increased (F= 20.16 > Fcrit = 3.68;
P = 5.61E-0.5 < 0.05). The increase of yield w&20.91 t ha (LSDy o5 0.35 t hd). The applying

of preparations, a full rate, or in mixture with afar rates, did not cause any important
differences. The highest growth within the seeddy®91 t ha' was ensured when applying the
container mixture of Cycocel + Folicur, during tdeveloping of rape (GS 50). Applying the
fungicides in a mixture with growth regulators,tive beginning stage of rape budding, a steadier
blossoming and ripening of pods on the main andrdatshoots was ensured increasing the
accumulation of oil content in the seeds by 0.78.14 %. The most effective method was the
applying of the mixture Cycocel + Juventus, and dégt + Folicur when the oil yield made up
1310-1389 kg ha The research results confirmed that applyingntitdure of preparations only
once, in smaller doses, with the aim to increage gloductiveness and quality of rapeseeds
simultaneously reduced the chemical load upon amé af the area, and reduced pollution,
therefore the research was justified.

Table 1. The influence of different mixtures of @th regulators and fungicides on the
spring rape "Olga’ yield and seed quality

. Seed yield Protein Oil
Variants t ha't " content, vyield, kg content, Vyield,
% ha' % kg ha'

Control 2.30 22.75 489 45.08 948
Moddus AS 30 un Folicur AS 70 2.92 22.96 627 45.86 1230
Moddus + Folicur AS 50 3.04 21.16 629 46.40 828
Moddus +Juventus AS 50 2.96 22.36 619 46.54 1260
Cykocel + Folicur AS 50 3.21 22.54 670 47.22 1389
Cykocel + Juventus AS 50 3.04 22.43 635 47.20 0131
LSDy,05 0.35 0.94 74.99 1.02 160.8

Conclusions

The results of the four-year field trials show tiae introduction of nitrogen and potassium
fertilizers at the rate from d¥eo to NiaK140 kg ha' considerably increased the yields of spring
oilseed rape. A significant increase of seed yidl@d t hd was obtained when introducing 4|
K1.0kg ha' and oil yield 364 kg Ha

The introduction of mineral fertilizers exerts answerable influence on the qualitative content of
the oil seeds of spring oilseed rape. The incregasiee rates of nitrogen and potassium fertilizers
leads to increases in protein content and a deziadke oil content of the seeds.

Applying fungicides and growth regulators in mixsy in minified doses, provides evenness of
florescence and legume ripening, and essentiat&ser of rape oilseed yield, improving its quality
as well.

The application of the studied mixtures of preparet ensured the yield increase of seeds 0.62-
0.91 t ha and oil yield to 282-441 kg Ha
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VIDEI DRAUDZ IGU AUDZESANAS TEHNOLOGIJU OPTIMIZ ACIJA ELLAS RAPSIM
LATVIJAS AGROEKOLO GISKAJOS APSTAKLOS

Borovko L.

LLU Zemkopbas ziatniskap institata Skrveros vetnu \aji podzokta malsmilts augsa vasaras
rapSa gumos veikti izngginajumi, kuros uz fosfora ffona fEtita shpekda un klija méslojuma
devu: (N;oKeo, NgoKga, N1goK 100, N12oK 120, N140K140) kg h&il ietekme uz &lu razu un as kvalitti.
lzméginajumos frbaudti sekojoSi prepatu maigjumi ar samaziatam dexam (0.5 | hd): Moddus
+ Folikirs, Moddus + Juventus, Cikocels + Fali& Cikocels +Juventus. Mgismi izsmidzirgti
augu ziedpumpuru veido&anfaze. Tris gadu lauka iz&ginajumos iegitie rezulfiti rada, ka NK
meslojums pozitvi ietekngja vasaras rap3a augSanu uns#iu, €klu razu un 3s kvalitti.
Vislielako <klu raZas pieaugumu — 3.25 t hanodroSinja N1 deva. NK ngslojuma
pielietoSana veicija kopprotena uzkaSanos (22-24%), bet koptauku samazanos (47-44%)
seklas. Augstiko dlas izimkumu — 1341 kg hanodrosinaja meslojuma deva N1z Vidgi trijos
gados augSanas regulatoru un furdlicmaigumu pielietoSanas ietekme uz vasaras rapkhk s
raZu bija Intiska. Saldziragjuma ar kontroli, raZas pieaugums gafjan 0.62-0.91 t hid Labikais
prepatu maigjums bija Cikocels + Foliirs, kas nodro3ija 1389 kg ha ellas izrakumu.

EFFICIENCY ESTIMATION OF SOIL DEEP-TILLAGE FOR WINT ER WHEAT BY
USING PRECISION TECHNOLOGIES OF CROP CULTIVATION

Dinaburga G., Lapins D., Berzins A., Plume A.
Latvia University of Agriculture, Liela iela 2, $glva, Latvia, LV-3001
phone: +371 3005632, e-mdiainis.Lapins@llu.lv

Abstract

For the completion of the work the following aim ggt: the establishing of soil deep-tillage

efficiency in winter wheat industrial areas in citivths of rugged field macro relief using data of

the farm management local GIS and soil researcle Wbrk was performed at the Latvia

University of Agriculture Research and Study farMetauce” from 2005 to 2007. During the

research in stationary with GPS established pdigtgly soil penetration resistance and soll

moisture spots were measured to the depth of S&rainsoil samples were taken to determine its
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grading composition in the topsoil. Harvest wasedttd with combine CLASS LEXION 420 GPS
facilities. It was established that deep loosenofgsoil should be carried out when the
penetrometric resistance of soil exceeded 600 kPa ¢

Key words: GPS, GIS, soil resistance, soil moisture

Introduction

During recent years several elements of precisgiicalture are appearing in the Latvian farms,
firstly, the equipment of grain harvesters for fbemation of the yield charts, next, the applicatio
of the yield chart is connected with the invesiigatinto soil properties (Lapins et al. 2007). This
means that the farms should form their own loc@ggaphic information system (GIS). Research
materials of the soil properties form the basistid introduction of differentiated, GIS-based
resources-saving soil tillage. Already in previgears the research of the possibilities to optimize
the measures of soil tillage by using the GPS waslacted in Latvia (Lapins et al. 2006). The aim
of the research was to investigate correlations ngmgeld, soil resistance, soil humidity in
different meteorological circumstances, as wellcasvaluate the efficiency of deep soil tillage for
winter wheat in autumn 2005. That would allow foe adjustment of the criteria recommended for
implementing site specific soll tillage in the faam

Materials and Methods

Field trials were carried out at the Research andySfarm “Vecauce” of the Latvia University of
Agriculture during the years 2005 to 2007. Wintdreat was investigated in 47 stationary points
set up by GPS; the crop rotation was winter whétat avinter wheat. Meteorological conditions
were different between the trial years: the avemg&emperatures were above the long term mean
in both trial years, especially in the second pafrtthe year 2006 (Figure 1). The average
temperature of July 2006 was 3.5 °C higher thah abaerved over the long term. Along with
insufficient precipitation this caused rapid ripgmiand the early harvesting of winter wheat. The
total of precipitations was low in both trial yeaglbsit during April — August in 2007 it was lower if
compared to the same period in 2006 despite adngiunt of precipitation in August 2006 (Figure
2).
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Figure 1. The average day and night air tempersiarthe years 2005 — 2007, °C
(In specific year from Metpole in Vecauce, longatesiverage — from Dobele HMS)
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Figure 2. The average amount of precipitatiorhgyears 2005 — 2007, mm
(In specific year from Metpole in Vecauce, longatesiverage — from Dobele HMS).
Soil characteristics in “Kurpnieki” field: sod poalic loam soil, humus content 14 - 91 g'kgoil
reaction pHc. 6.0 - 7.4, phosphorus content 102 - 394 mg &gd potassium content 102 - 333
mg kg'. Relief — wavy low-land, area with marked mezziefe(Figure 3). Field has a closed
drainage system.
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Figure 3.“Cartog_raT c_)f surface altitude in Figure 4. Winter wheat graih yield cartogram of
Kurpnieki” field, m.

“Kurpnieki” field in year 2007.

Deep soil tillage (until 50 cm) in autumn 2005 wime before the sowing of winter wheat. The
same agrotechnology on the entire field was usedyfowing of winter wheat ‘Tarso’ and the

principle of the single difference was applied #t4% stationary observation points. For the
determination of the point coordinates the GPSivecé&Sermin iQ 3600 was used. The yield was
determined by means of the yield maps developenh fise Claas Lexion 420 GPS, and the
AGROCOM software was used (Figure 4). The altitudestationary observation points was
determined by using Magelan eXplorist 600. Soil shaie in the arable layer and under it was
determined by Eijkelkamp Agrisearch equipment.

213



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 0

Results and Discussions
Winter wheat yields indicated a significant negatiffect of on deep soil tillage (Figure 5).

g | 745
L

t hat

year 2006 year 2007 year 200% year 2007

control deep-tillage 50 cm
Figure 5. Changes of winter wheat yields after dsmibtillage, t ha'.

A marked negative effect of deep soil tillage wasayved in 2006 when there was extremely low
precipitation. This was confirmed by the analysisttte results of the effect of soil humidity
differences’ on the formation of the winter wheatlg (Figure 6). In both trial years the soil
humidity was below the optimum which is 25% of #uél capacity.
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Figure 6. Changes in soil humidity after deep titdglge.

The evaluation of the indices of soil penetratiesistance in the sowing of winter wheat from
autumn 2005 until spring 2006 (Figure 7) shows tta soil penetration resistance was
significantly higher in the autumn in all soil lagavhere it was detected. It was significantly lowe
though in the spring after wintering - only 318 kiPa” in a depth of 20 — 30 cm.
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It was established that the negative effect of @igsub-soil resistance (above 600 kPa’con

winter wheat yield appeared in the spring.
A evaluation of changes in soil penetration resise after deep soil tillage in the years

2006 and 2007 confirmed that soil resistance (Ei@)rand humidity are both co-linear factors.
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Evaluation of winter wheat yields’ differences itat®onary observation points with different
altitudes (meters above the sea level) showedlMleagields were higher mainly in the lower areas

of the slope (Figure 9).
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Figure 9. The effect of changes in relief on wintéreat yield

During 2006 (characterized by comparatively low cipiation) this correlation was mostly
expressed during the vegetation period of wintegatlin the control treatment. In the points where
deep solil tillage was used in 2005 the yield hadrmency to increase. The cause of the yield
differences was the increase of soil humidity ie sfope in both control and deep tillage variants,
with deep tillage in the direction of the slopeg(ie 10).
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Figure 10. The effect of changes in relief on soil humidity

Soil humidity differences between control and dékgge variants can be explained by the water
flow through the marl of tine of the soil deep tillage equipink the lower points of the slope soil
humidity (25.3%) was higher than on top of the (19.8%) in the same marl (Figure 10). After
deep soil tillage across the slope in the comparnsmnts (with altitudes 104 and 101 m above sea
level) the soil humidity in spring 2007 were 16.61ak6.4%, but in the spring of 2007 14.3 and
19.6%.

Conclusions

Deep soil tillage is necessary if the soil pen@ratesistance exceeds 600 kPa’dm depths of
40-50 cm. However, there exists a possibility of erelase in the winter wheat yield in years with
not enough precipitation because of uneven mezzo-relief.
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The cause of the decrease in the winter wheat gitdd deep soil tillage to the depth of 50 cm was
the decrease in the soil humidity in the higher areas cfonedief.

Soil humidity (in % of soil capacity) and soil pération resistance are mutually co-linear factorial
traits.
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AUGSNES DZILIRDIN ASANAS EFEKTIVIT ATES VERTEJUMS ZIEMAS KVIESIEM
IZMANTOJOT PREC IZAS LAUKKOP IBAS TEHNOLO GIJAS

Dinaburga G., Lapin$ D., Berzi$ A., Plime A.

Darba nerkis - noteikt augsnes diidinaSanas efektiviti ziemas kvieSiem raZzoSanas pitas

neizlidzinata lauka makroreljefa aggios, izmantojot saimni@gas lokilas GIS un augsu izpstes

datus. Izmginajumi iekartoti SIA LLU MPS ,Vecauce”. No 2005.- 2007. gadanacgoraros ar

GPS noteiktos punktos, veikti augsnes penetromagrisketegbas un mitruma Brijumi augsnes
slanos idz 0.50 m dZumam, noteikts augsnes granulometriskaisasasiramirta. RaZa noteikta
izmantojot kombaina CLASS LEXION 420 GPS igsis. Konstadts, ka augsnes didinaSana
izpildama, ja augsnes penetromettigketestba girsniedz 600 kPa cf

THE EFFECT OF NITROGEN NUTRITION ON THE PRODUCTIVIT Y OF WINTER
TRITICALE IN THE SOILS OF CENTRAL LITHUANIA

JanuSauskait D., Lazauskas S.
Lithuanian Institute of Agriculture, Akademija, Dotnuvada&iniai district, Lithuania, LT-58053
phone:+370 347 37752, e-maikiva.janusauskaite @gmail.com

Abstract

During the period 2000-2004 field trials with winttiticale were conducted at the LIA in
Dotnuva on a light loarEndocalcari- Epihypogleyic Cambisol'lhe goal of the field trials was to
determine the optimal conditions for winter trifeanitrogen nutrition and to estimate nitrogen
fertilizer efficacy taking into account mineral nitrogeantent in the soil.

Our experimental evidence suggests that nitrogetiliZers were net effective every year, the
regularities of grain yield variation resulting fndfertilizer application also differed. A grain yiel
increase of 19.5-24.0 % was obtained through nitrdgetilizer application. A rate of §§ was
found to be optimal for triticale in our trials. iBzer efficacy is presented in kilos — averagedadat
suggest that when winter triticale had receivegd, Wy and N,, 1 kg of fertilizer nitrogen
produced 19.9+7.46 kg, 16.5+6.00 kg and 12.745.02 kg afngrrespectively. Additional
fertilization of triticale was effective only in th@mally wet years.

Having fertilized triticale with I and N,g, in the years conducive to the spread of diseases (2000—
2001), a significant yield increase was obtained througbi€ide application.

Key words: winter triticale, yield, efficacy of nitrogen fertilizers.
Introduction

Exhibiting a high yield potential, winter triticale a promising crop. The area currently sown with
triticale in Lithuania is steadily increasing amistincrease has been determined by the availabilit
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of high-yielding, winterhardy, thick-stemmed, rathetisfactorily drought and disease resistant
varieties. In terms of yield, winter triticale comparwell with many winter wheat varieties. The
grain chemical composition of triticale determinesather wide application possibilities: the grain
is used in the food industry, flour in confectioneigr beer, spirits, and starch production (Seguchi
et al, 2000). In grain protein, the ratio of amino acidsteat is suitable for livestock feeding
(Kuzeevet al, 1997; Alaruet al, 2003, Mikulioniei et al, 2002). Triticale is an excellent raw
material for the expanding bioethanol industry to be fisednvironment-friendly fuel production.
Winter triticale is well suited for growing on variousktured soils and its cultivation is rational not
only from the viewpoint of productivity but alscof the viewpoint of the optimal maintenance of
soil physical and chemical properties (Petraitial., 2002; Maleckat al., 2004).

There has beenvery little research done so farrdritteiania’s conditions on triticale fertilization
which is one of the links in cultivation technolggyith a view to maximally exploiting varietal
genetic productivity potential. There were also estgs done designed to estimate the role of sail
mineral nitrogen in winter triticale nutrition amd ascertain the yield, yield increase and fertilize
efficacy as influenced by mineral nitrogen (). The objective of the studwas to identify
optimal nitrogen nutrition conditions for winteiticale grown on Central Lithuania’s soils and to
estimate nitrogen fertilizer efficacy in relation to theneral nitrogen content in the soil.

Materials and Methods

Experimental site.Field experiments were conducted during the peri®@99-2004 at the
Lithuanian Institute of Agriculture in Dotnuva on lmght loam Endocalcari - Epihypogleyic
Cambisolby a conventional field experiment method.

According to the values of agrochemical parametds, soil phc was 6.0-7.0 (measured
potentiometrically), plant available phosphorus @othassium contents - 129-206 mg'k@,0s)
and 140-201 mg KgK,0, respectively (A-L methods), humus content 1.8-2.r94iin) and total
nitrogen content 0.12-0.14 % (Kjeldahl).

The soil at the 0-40 cm depth was relatively lowplant available mineral nitrogen (N-NEN-
NH,, measured: N-N©- ionometrically, N-NH spectrophotometrically) ranging from 38.0+0.73
to 55.2+0.93. On average, in spring at the beginning of theatatgrowing season, N, content at
the 0-40 cm soil layer from which plants utilizetments most intensively at the beginning of the
growing season varied within the 38.0-55.2 kg tange, at low or moderate variation (V = 87-
17.3 %). Having added up N, present at 0-40 and 40-60 cm soil layers, it waedohat in
different years it varied within the 55-70 kg'frange, (V = 7.3-10.9 %). The distribution of,]N
content in the soil profile was as follows: at th&@0 cm depth on average 68-78 %, at the 40-60
cm depth 22-32 % of the total J\, content in the 0-60 cm depth.

The distribution of nitrate nitrogen (N-NJin the soil profile was similar to that of \,: at the O-
40 cm soil layer - 67-82 % of readily plant-aval&aiN-NO; content, the other 18-33 % was
distributed within the deeper 40-60 cm layer. Amraomiirogen (N-NH) in separate experimental
years accounted for 33 - 46 % of the mineral nitrogenecwmiresent at the 0-40 cm depth.
Experimental designl. Not fertilized (N Py Ko),/ 2. RKgo (background F)/ 3. M in spring
(BBCH 25-29)/ 4. F+hhin autumn +No in spring (BBCH 25-29)/ 5. F+ §lin spring (BBCH 25-
29)/ 6. F+ No in spring (BBCH 25-29)/ 7. F+ in spring (BBCH 25-29) + N at the beginning
of booting (BBCH 30-32)/ 8. F+ Py in spring (BBCH 25-29)/ 9. F+ §jin spring (BBCH 25-29)

+ Ny at the beginning of booting (BBCH 30-32)/ 10. Fg M spring (BBCH 25-29) +Tilt (BBCH
47-59)/ 11. F+ N in spring (BBCH 25-29) +Tilt (BBCH 47-59). BBCH <ale describes the
phonological development of cereals.

Treatments 2 and 4-11 received the same phosphorus asgipot fertilization level - Kgo.
According to the experimental design, triticale gnoiw the plots of two treatments (10 and 11)
was sprayed with the fungicide Tilt (0.5 I'haat BBCH 47-59. Winter triticale was preceded by
perennial grasses of the second year of use. A¢rideof tillering in the spring the triticale crop
was sprayed with a mixture of herbicides and gronetjulators, insecticides were used according
to the need.

The winter triticale cvTewowas sown for 2000 and 2001-year harvest. Afteadt heen removed
from the National List of Plant varieties, the dwrnadowas sown for the 2002-2004 harvest.
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Winter triticale was thrashed at complete matuahd grain yield data were adjusted to 15 %
moisture.

Meteorological conditionsrecorded at the Dotnuva Weather Station differed between the
experimental years. Of the five experimental years e extremely dry and warmer than usual,
three years were normally wet. The year 2000 waindisished by a warm and dry spring — in
April the mean monthly temperature was by +5.7 °@héri than the long-term mean, and the
amount of precipitation was as low as 19 % of tleamlong-term mean — 7.6 mm. During the
period of intensive growth and development — in Mag June humidity was close to normal, and
in July the amount of rainfall was twice as higl8%1%) as the long-term mean. The weather
conditions during the 2000-2001 winter period weimmilar to long-term means. In 2001 the
amount of rainfall that fell during the entire griog season corresponded to long-term mean,
however its distribution was very uneven — 45 %hef total amount of rainfall that fell during the
growing season occurred in July. Moreover, the méatemperature of July was by 3.5 °C higher
than the long-term mean. During the first monthghefyear 2002 the amount of rainfall was from
22 to 53, and exceeded the long-term mean by 91 &h Beavy precipitation might have resulted
in lower mineral nitrogen content in the soil irethpring of 2002. During the growing season of
2002 the weather was warm with several heat wandseaceeded the mean air temperature of
individual months by 2.3 °C — 3.2 °C. In April the pla were exposed to stress resulting from
dramatic temperature variations (from -5.5°C to 218G) and shortage of moisture, since only
about half (56%) of the mean long-term rate fell. In June and July in some Haeyait temperature
reached a striking maximum to 34-35 °C. The amodntamfall during the summer growing
season made up 3% of that period’s mean long-term rate. In the autwhr2002 having sown
winter triticale, the amount of rainfall that fell October was record-breaking — 2.5 times as high
as the long-term mean. The winter period was cheniged by a slightly lower amount of
precipitation than usual. The year 2003 was somewlniar than the norm, the amount of
precipitation that fell during the growing seasoaswd0% of the long-term mean. Of the summer
growing season, July was noted for hot weather, thighdaily mean temperature by 3°C higher
than the long-term mean. In 2004 almost all the grgwseason was dry — the amount of
precipitation that fell in April, May and June wascardingly 29, 53 and 7% of the long-term
mean. The sum total of precipitation that fell dgrthe growing season was %20of the long-term
rate.

Statistical grain yield data processing was dorieguanalysis of variance. Correlations between
grain yield, yield increase in different expressi@nd nitrogen fertilizer rates and mineral nitroge
were determined and regression equations were ladufollowing the directions in special
literature (Littl et al, 1981, Tarakanovast al, 2003). Symbols used in the paper: * and **
statistically significant at 9% and 99% probability level; LS[gs — the least significant difference
at 95% probability level; V% - variation coefficient.

Results and Discussion

Nitrogen fertilization is one of the major and mefficient means to increase yield, control yield
formation processes and improve yield quality. Tinelihgs on nutrition of triticale, which is a
relatively undemanding crop in terms of cultivatioonditions, are scarce in literature. Different
nitrogen rates are often indicated for winter d¢eéte. On the background of 8100 an optimal
nitrogen rate is indicated to be 80 kg'l{®apono\et al, 1999), more recent research suggests that
the highest winter triticale yield was achievedotigh a nitrogen rate not lower than 120 kg ha
(Maleckaet al,, 2004), other researchers have reported optimalgeitr rates to be from 60 to 120
kg ha' (Bulavina, 1993), 160 kg Haor even 180 kg ha(Cimrin et al, 2004; Mutet al, 2005).
Nitrogen fertilizer efficacy during 2001-2004 wasffgciently high and grain yield increases
through its application were statistically signific@fiable 1)
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Table 1.The effect of fertilization and fungicides on grain yiehs"

Year Mean

Treatment 2000 2001 2002 2003 2004 tha 'cative

values

Without fertilizers 8.34 3.86 7.30 4.01 5.78 5.86 001
PsoK 60 (background F) 8.59 4.46 7.32 3.94 4.73 5.81 99.1
Ngo in spring 8.58 5.76 8.13 4,93 7.46 6.97 119.0
F+Nzgin autumn +Ng in spring 8.53 5.85 7.64 5.84 7.53 7.08 1208
F+ Ngo in spring 8.66 6.15 7.76 5.14 7.31 7.00 119.5
F+ Ngg in spring 8.56 6.08 8.01 5.92 7.87 7.29 124.4

F+ Ng in spring + N, at

beginning of booting (BBCH 8.20 5.95 8.04 5.79 8.20 7.24 123.5
30-32)

F+ Ny in spring 7.89 6.,08 7.73 6.27 7.99 7.19 122.7
F+ Ngo in spring + Np at

beginning of booting (BBCH 7.81 6.28 7.99 5.78 8.46 7.26 124.0

30-32)

Z;_Sl\lgg‘;’ in spring +Tilt BBCH 934 699 891 570 795 778 1327
Z;_gg;(’ nspring +Tilt (BBCH 957 712 772 613 858 775 1323
LSDos 0.676 _ 0.447 __0.839 _ 0.669 _ 0962 _ 0.727

Only the year 2000 stood out when nitrogen fedizdid not increase the yield but grain yield
even in the check treatment amounted to 8.34't lhés likely that this was determined by the pre-
crop — perennial grasses of the second year ofhasecontained a high content of clover, and the
atmospheric nitrogen fixed by clover and accumdlatethe soil might decline nitrogen fertilizer
effect on triticale yield. Low nitrogen fertilizexfficacy could be also responsible for crop lodging
in 2000. The data averaged over the five experiatgmars suggest that triticale grown without
fertilizers produced a grain yield of 5.86 t'hand a yield increase of 19.5-24®resulting from
nitrogen fertilization was obtained, compared with theak treatment.

Yield increases on the background of PK, that resulted fingle spring-applied nitrogen rates 60,
90 and 120 kg hawere different during the experimental years aaded substantially — the
variation in different fertilization levels was agyh as 81-88 %. In 2001 and in 2002, which was
especially warm it increased with a nitrogen rageta 90 kg ha. In 2003 and 2004 nitrogen
fertilizers were the most effective — with increapsingle rates to 120 kg hathe yield increased.
Averaged data indicate that nitrogen rates of 60ar@) 120 kg hA gave grain yield increases of
1.20+0.447 t hd, 1.49+0.540 t hdand 1.52+0.602 t Harespectively.

Having estimated nitrogen fertilizer efficacy, exmed as kg grain per 1 kg of fertilizer nitrogen, it
was found that with nitrogen rates of 60, 90 and B@Ma" applied to triticale, 1 kg of fertilizer
nitrogen gave on average 19.9+7.46 kg, 16.5+6.00 kg and 12.74#bd2ik, respectively.

Based on the experimental data, the correlatiorritiéale grain yield with mineral and nitrate
nitrogen contents present at different soil lay@st0 cm and 0-60 cm) was mathematically
estimated. It was found that the contents of botfatei and mineral nitrogen in the soil 0-40 cm
and 0-60 cm layers correlated similarly with tdfie grain yield data. The data of separate
experimental years show that in % of the caseedd3®5 %) the correlation was weak and at 95 %
the probability level statistically insignificant.h& data averaged over the 5 experimental years
indicate that yield correlation with N-N@nd mineral nitrogen amounts at the 0-60 cm sgi
were moderate and statistically significant. A lslig weaker, but close to moderate correlation
was found between the grain yield and contentslaritpavailable nitrogen forms at the 0-40 cm
soil layer (Table 2).
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Table 2.Correlation coefficients between triticale grairelgli (y, t ha) and mineral and nitrate
nitrogen contents (x) present at different soil layers

Nitrate nitrogen (N-NG) Mineral nitrogen (N min)
Year 0-40 cm 0-60 cm 0-40 cm 0-60 cm
2000 0.31 0.50 0.31 0.37
2001 0.39 0.37 0.32 0.33
2002 0.20 -0.016 0.37 0.04
2003 -0.66 -0.59 -0.61 -0.56
2004 -0.72* -0.61* -0.40 -0.33
Avg. over 5 yrs. -0.49** -0.58** -0.41** -0.53**

The correlations between winter triticale yield anitlogen fertilizer rates are presented in Table 3
The strength of correlation varied from weak aratistically insignificant at the 95 % probability
level (h = 0.35, in 2002) to strong and significant at thehbig 99 % probability leveh(= 0.92, in
2001). In separate experimental years nitrogen fertilizers responsible for 13 to 84 % yield data
variation. However, the data averaged over the ®rixental years show that only 11 % vyield
variation was related to the nitrogen fertilizer rate.

While calculating the dependence of nitrogen fesil efficacy on nitrogen content in the soil and
the nitrogen fertilizer rate, we took nitrate anthenal nitrogen content present at the 0-60 cm
depth, as the most appropriate indicator that definitrogen abundance in the soil, since at the
beginning of the growing season, before the maiingpiertilization, a large part of mineral
nitrogen present in the soil (about 30 %) was foanthe 40-60 cm depth. In the year 2000 there
was no grain yield correlation with these paranset€he data from 2001-2004 period indicate that
similar yield correlation in terms of strength and sigmwifice, was determined when adding up both
nitrate and mineral nitrogen content with fertitizétrogen content (Table 3). The correlation was
moderate or strong, in 60 % of the cases testedtistgtally significant at the 99 % probability
level. During the experimental period, the sum of ®&Nand N,, and nitrogen applied with
fertilizers present at the 0-60 cm soil layer deiaed from 24 to 88 % and from 24 to 93 % of the
yield, respectively. The data averaged over the ®rxental years show that the correlation
between the yield and total soil mineral nitrogem® and fertilizer nitrogen content was weak but
statistically significant (r=0.31%).

Table 3. Correlation coefficients between the yigidt ha') and nitrogen fertilizer rate (kg hd)
and total contents of nitrogen present in the soil andeappiith fertilizer (xand kg ha')

Correlation coefficients

H R r
X, — nitrogen fertilizer X,— sum of N-NQ and X3— sum of N min and
Year ! rate fertilizer nitrogen at the 0-60 fertilizer nitrogen at the 0-60
cm soil layer cm soil layer
2000 0.50* 0.05 0.04
2001 0.92** 0.88** 0.87**
2002 0.35 0.49 0.49
2003 0.73* 0.96** 0.97*
2004 0.75* 0.94** 0.93**
Avg. over 5 yrs. 0.32** 0.31* 0.31*

In plant nutrition diagnostics tests nitrogen femtir efficacy is defined by yield increase or
calculated figure — percentage yield. It is caladaby dividing the yield of each experimental plot
by the highest yield obtained in the experiment. Tbeelation of winter triticale separate year’s
and percentage yield with soil nitrogen — nitrate anineral present at the 0-40 and 0-60 cm depth
was determined (Table 4). In most cases the caorlbaetween the mentioned indicators was best
described by a parabola of the second degree, howbeecorrelation was significant not in all the
cases studied. The contents of both N;sN@d N, at the 0-40 cm soil depth correlated very
similarly with percentage vyield, the correlation gad from moderate to strong. At the 0-60 cm
depth, the percentage yield correlated stronger wiih N ., than with N-NQ, but it was
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statistically significant only in 40 % of cases. Tthata from 5 experimental years suggest that
average percentage yield correlations with soilogién were most often represented by a linear

equation, indicating an inverse moderately strongetation (r = -0.50-0.51) which was significant
only in half of the cases.

Table 4.The relationship between percentage yield (y) and EmihN-NQat the 0-40 and 0-60 cm

soil layers
Year Denomination Equation rh dxy =

of trait x Fisher
2000 N-NQ 0-40 cm  y=-25.28+1.4134x-0.0191x 0.63 0.40 3.3
2001 y=-3.07+0.3016x-0.0056x 0.70* 0.50 6.4
2002 y=-3.86+0.4495x-0.0103x 0.64 0.41 4.9
2003 y=-1.68+0.2165x-0.004%x 0.84* 0.71 7.4
2004 y=2.18-0.0513x 0.71* 0.50 9.4
Avg. Over 5 yrs. y=- 1.78-0.0523x+0.0007x 0.54 0.29 2.8
2000 N-NQO-60 cm  y=- 2.69+0.1888x-0.0024x 0.61 0.37 15
2001 y=- 3.40+0.1728x-0.0017x 0.38 0.14 0.1
2002 y=- 4.57+0.3499x-0.005%x 0.65* 0.42 5.8
2003 y=-3.43+0.2273x-0.0028 x 0.79* 0.62 5.6
2004 y=2.32-0.0415x 0.61* 0.38 5.4
Avg. Over 5 yrs. y=1.28-0.0099x 0.50** 0.23 15.9
2000 N min 0- 40 cm  y=- 2.74+0.01640x-0.0018x 0.70* 0.49 5.5
2001 y=-42.00+1.5463x-0.0138 x 0.55 0.30 2.3
2002 y=- 7.41+0.4367x-0.0056x 0.51 0.26 1v3
2003 y=-13.57+0.6851x-0.0081x 0.90** 0.81 17.7
2004 y=10.35-0.3734x+0.036x 0.47 0.22 0.6
Avg. Over 5 yrs. y=1.34-0.0096x 0.50** 0.25 17.7
2000 N min 0-60 cm  y=- 5.39+0.2004x-0.0016x 0.69 0.47 5.0
2001 y=- 50.49+1.4507x-0.0102x 0.57 0.33 3.2
2002 y=- 16.09+0.6058x-0.0053x 0.72* 0.52 8.7
2003 y=- 14.61+0.4950x-0.0039x 0.84* 0.71 10.9
2004 y= 9.96-0.2679x+0.002Dx 0.39 0.15 0.4
Avg. over 5 yrs. y=1.54-0.0101x 0.51 0.26 18.6

Extra fertilization of winter triticale with M rate in the middle of booting stage, when at the
beginning of the growing season 60 and 90 K fades of nitrogen had been applied, gave a low
and insignificant yield increase in most cases. B328nd 2004 extra fertilization forsN- applied
triticale was slightly more effective — the graiielgd was by 0.65 and 0.89 t"hhigher compared
with the treatments fertilized once agMnd the yield increase was significant at a diyglotwer
than 95 % probability level. An additionally applidt, rate for triticale fertilized with b in
spring was ineffective, since in the experimentargavith considerable moisture deficit the grain
tended to dry and maturity was accelerated, thexe&mditionally applied nitrogen remained
unutilised.

The importance of the fungicide on triticale productivitcreased in wet years when conditions for
disease occurrence were favourable. In 2000 and @Bt during the growing season the amount
of precipitation was close to the long-term meah4(2 % and 98 %, respectively) and warm
weather prevailed, conditions conducive for the agref disease were created and the efficacy of
the fungicides was high. Triticale fertilized withhygNand N», and sprayed with Tilt produced a
statistically significant yield increase — 0.78-0&1d 1.32-1.04 t hi respectively, compared with
triticale that received the same fertilization buas not applied with fungicides. At a higher
nitrogen fertilization level the fungicide gave a highiedd increase.

Conclusions

Nitrogen fertilizers were effective for winter idale and significantly increased grain yield by on
average 19.5 — 24.0 %. Averaged data suggest thaKdma&kground, N, Ngo and N, gave a
grain yield increase of 1.20+0.447 t'1hd.49+0.540 t hhand 1.52+0.602 t Ha Additional winter
triticale fertilization was effective in normally et years; dry weather in separate experimental
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years was unfavourable for the uptake of additigregdplied fertilizer nitrogen, therefore the yield
increase obtained was insignificant.

Having estimated the dependence of winter triticaiien yield on nitrogen fertilizer rates, in most
cases — five out of six were determined to bestiadilly significant, moderately strong or strong
correlation 4=0.50*-0.92**), nitrogen fertilizers determined 13-84 % grgield variation.

The relationship between the winter triticale yieldd the total nitrogen fertilizer and nitrate (N-
NOz) and mineral nitrogen () content at the 0-60 cm soil depth was identifiedterms of
strength and significance, the correlations diffetiétle when comparing nitrate and mineral
nitrogen and in 60 % of the cases studied were statigtiighificant at a 99 % probability level.
Having estimated fertilizer efficacy in percentagield, a slightly higher correlation was
determined with mineral nitrogen content at theOOeBn soil layer than with nitrate nitrogen
content found at the same depth. With increasingeralmitrogen content in the soil, the efficacy
of nitrogen fertilizers tended to decline.
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SLAPEKLA MESLOJUMA IETEKME UZ ZIEMAS TRITIK ALES RAZIBU LIETUVAS
VIDIENES AUGSNES

JanuSauskait: D., Lazauskas S.
Laika period no 2000.-2004. gadam Dotriukietuvas Zemkofbas instiita viegla smilSrala
augsRrs (Endocalcari — Epihypogleyic Cambisa) nerki noteikt optinilos apsiklus neslo3anai
ar shpekli un noertét slapelda neslojuma iedartbu, nemot \era minefla slipelda saturu augsn
tika veikti lauka izmaginajumi ar ziemas tritili.
Rezultti liecina, ka nasloSana ar apekli ne katru gadu ir efeivta, graudu raza ati$igi varigja aft
meslojuma devas ietek@n Lietojot shpeka neslojumu, tika iegts graudu razas pieaugums 19.5—
24.0 %. Izmeginajumos K optimala slapela norma tritillei tika noteikta No. Dati liecina, ka ar
katru neslojuma kilogramu ziemas tritikei pie devas b, Noo Un Ny2o, razas pieaugums ir attigc
19.9+7.46 kg, 16.5+6.00 kg un 12.7+5.02 kg graudu. hidk papildus @sloSana bija efekta
tikai normali mitros gados.
Pie neslojuma devas § un Ny slimibu izplatbai labeligos gados (2000-2001), fiwzgs razas
pieaugums tika iads, izmantojot fungitus.
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NITROGEN MANAGEMENT EFFECTS ON SPRING WHEAT YIELD A ND PROTEIN

Jermuss A., Vigovskis J.
Research Institute of Agriculture of Latvia University africulture, Zemkopibas instituts 7.,
Skriveri, Aizkraukles distr., Latvia LV 5125, phone: +371 88329, e-maihivaram@inbox.lv

Abstract

Wheat fields in Latvia are spatially variable asstil fertility and crop productivity. Therefore,
there is interest in applying variable rates ofiligers across the landscape. The general objective
of this research is to determine the relationstdap®ng vyield, protein and N rates using the
regression analysis of yield data in order to ojnthe rate of nitrogen fertilizer strategies in
springwheat.

A three year long (1999- 2001) field study was eartdd near Skriveri, Latvia, at the Research
Institute of the Agriculture of Latvia Universityf cAgriculture with spring wheat (Tticum
aestivum L."'Munk’ on the optimisation of nitrogen fertilizers. Theldi trials were conducted on
two kinds of Luvisol soil: loam and loamy sand. Tihifuence of the preceding crops- grass, grain
and potatoes on efficiency of different nitrogertifiger levels (0; 50; 100; 150; 200; 250; kg'ha
was investigated.

Nitrogen fertilizer has considerably affected tlmepcyield. The increase of the norm of nitrogen
fertilizer from 50 kg ha up to 100 kg hdand 150 kg hadwas significant, but a further increase
was not significant. The essential difference waseoled among all the predecessors as well. The
nitrogen fertilizers increased protein content irirear way and that was dependent on the
preceding crops and soil texture.

Key words: spring wheat, nitrogen fertilizers, protein.

Introduction

The rising prices of agriculture production's ravatemials and the increase of environmental
overload promote more effective agriculture proauctMore and more importance is given to the
fertilization of cultivated plants that must be emmiate to the cultivated soil character and the
potential productiveness of plants. In particulars tthould refer to field crop fertilization with
nitrogen fertilizer since this definitely raise®tlevel of grain productiveness, and nitrogen is als
the basic building blocf protein, and as a consequence, levels N in thdaed a large influence
on grain protein concentration (Flower D. B., 2003)erEfiore efficient wheat production systems
emphasize the important role thtfertilizer management has in optimizing grainlgiand the
maintenance of grain quality standafdigrogen provision must correspond to the requinaimef
the plants, taking into account the use of nitrofyjem the soil as well. The aim of the work is to
explain the influence of three kinds of precedimgps upon the optimal nitrogen rates in two
different textures of soil, with different granulotne content, upon grain yield and crude protein
content within spring wheat grain.

Material and Methods

A three-year study was conducted during 1999-200&. dpring whea{Triticum aestivum 1.
variety ‘'Munk’ was grown in two different textures of Luvisol Isdoam: pH - 6.3, organic
matter — 23 mg K§(Tyurin's method), available phosphorus-100 @sRg*, available potassium

- 135 mg KO kg' (DL-method) and loamy sand: pl- 5.7, organic matter — 22 mg k§Tyurin's
method), available phosphorus -142 m@Pkg", available potassium - 92 mg® kg* (DL-
method). The influence of the preceding crops -grgein and potatoes on the efficiency of six
different levels of nitrogen fertilizer rates (0);5.00; 150; 200; 250; kg Hpapplied 60 % before
drilling, and 40 % at spring wheat stage EC 29 amanmum nitrate, was investigated. Spring
wheat was drilled close to the optimum date (the ehApril) at a rate 600 seeds pef.r®ne
herbicidal (Granstar 15 g fg one fungicidal (Tango 0.8 | Hp and insecticidal (Bi-58 1 | &
was applied to control weeds, pathogens, and insecspring wheat. The data mathematical
processing was performed using the MS Excel linpalynomial regression and anova analysis.
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The economically optimal wheat yield was calculabgdDanish Agricultural Advisory Service
program.

Results and Discussion

In the course of three year long field-tests, theattgrain yield fluctuated, on average, from 2.23
to 4.25 t hd, and the crude protein content, on average, from 10.57 t0 4&.8litrogen rate 50 kg
ha' and its increase up to 100 and 150 kg imaproved the grain yield remarkabhy, ¢s= 0.382 t
ha'). Nevertheless, further increase of nitrogen ratésndt creat a remarkable increase of grain
yield. Within all variants the formation of crudeopgin in grain was promoted by the increase of
nitrogen fertilizer. To characterize the change$hiwispring wheat grain yield, for the most part,
the second grade regression curve was applied argkveral cases, the third grade polynomial
equity was needed.

Changes within spring wheat grain crops grown imdgdoam after potatoes are described by the
third grade polynomial regression curve y = 3E5070.0001% + 0.0201x + 3.3984 (Picture 1).
This change model of spring wheat grain crop repress99.3 % of the cases. The determination
ratio — R = 0.9929. F-test's p-value 0.010622 is below 0.08ieflore the regression equity is a
statistically important explanation of the changes withagrain crops.

The economically optimal crop constituted 4.22't,lend was obtained applying 73 kg'hd rate.
Crude protein within spring wheat grain increasecbading to the linear regressiop=y0.0148x

+ 10.359 (Figure 1) which, in statistically cruciaines, explained the changes within crude protein
values since value F-test's p-value 0.000273 was\vb@l05 corresponding to 97.3 % data of field-
tests (R= 0.9731). Taking into account the crude protein esntithin spring wheat grain, the
optimal nitrogen fertilizer when spring wheat waswn in sandy loam after potatoes, should be
increased from 73 to 77 kg haince only this or a bigger nitrogen fertilizeteravould ensure
grain with a crude protein content above 11.5 % thatupposed to be the critical borderline
designed for the growing of qualitative food cese@@ommission Regulation EC 824/2000, Ruza
A. 1998).
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' R?=0.9929 -6
-4
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Figure 1. Yield and crude protein changes within loamyl sditer potatatoes

Changes within spring wheat grain yield grown iantty soil after potatoes are represented by the
polynomial regression equity y = -5E-G5x 0.0129x + 2.9488 (Figure 2), and they can explain
89.3 % of the changes within spring wheat graindyi@ = 0.893). The standard error of the
expected value is 0.150093. F-test's p-value 0.03déldsv 0.05; therefore the regression equity is
a statistically essential explanation of the chang&hin spring wheat grain yield. The crude
protein content increased in correspondence weHitiear connexiongy= 0.0145% + 11.282 that

is a statistically essential explanation of the crudéeprachanges since F-test's p-value 0.001787 is
below 0.05 within 93.2 % descriptions of field-test data=R.9318).

To the spring wheat grown in loamy soil after pogst in order to obtain economically optimal
yield: 3.85 t hd, there should be applied a 112 kg'h4 fertilizer rate. Already the 15 kg ha
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nitrogen fertilizer rate provided grain with 11.5 % crudet@n content proving that a high level of
crude protein content could be obtained with minibrogen fertilizer rates if spring wheat was
grown in loamy soil after potatoes.
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Figure 2. Yield and crude protein changes within loanr afttatatoes

Changes within the yield of spring wheat grown amdy loam after cereals are demonstrated by
the second stage polynomial regression equity §E=05X + 0.0159x + 2.7308 (Figure 3). This
equity represents 96.2 % of changes within cereddl yiaused by the increase of nitrogen fertilizer
rate, R = 0.962. The standard mistake of the expected val@eli26929. And this points to the
successfully chosen, data describing the matherhatmdel. F-test's p-value 0.0072 is below 0.05;
therefore the regression equity is statisticallgeasial for the explanation of the changes within
cereal yield. Statistically essential crude protetue changes are explained (Figure 3) by the
linear regression equity,y= 0.0119%+11.135 since F-test's p-value 0.001914 is below 0.05
describing 92.9 % of the field-test datd €R0.9294).
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Figure 3. Yield and crude protein changes within loamyl sdier cereals

The economically profitable nitrogen fertilizer edfior sandy loam after cereals has been fixed at
120 kg hd, in order to obtain 4.00 t Haof spring wheat grain. The critical crude proteamtent
within wheat grain could be gained already with Ja kg ha nitrogen fertilizer rate, and the
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determination of the economical optimum of nitrogentilizer would not be further affected
(Figure 3).

The changes within spring wheat grain yield growroamy soil after cereals, are represented by
the second stage regression equity y = -3E-83x0113x + 2.3204 (Figure 4) that explains 90.1 %
of the cases, = 0.901. F-test's p-value 0.031 is below 0.05; theeefiloe regression equity is a
statistically essential explanation of the changitisin the cereal yield. The crude protein increase
within spring wheat grain should be described withe linear regression equity, =
0.0129x%+12.662 that is a statistically essential explamatbthe crude protein changes since F-
test's p-value 0.01242 is below 0.05 describing 82.4 % of shelaéa (R= 0.8237).
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Figure 4. Yield and crude protein changes within loanr attecals

For spring wheat yield grown in loamy soil, to ait#ie economically optimal level: 3.23 tha
there should be applied a 94 kg'hd fertilizer rate, and, in addition, the critical deuprotein
content border 11.5 % was attained already applyingdhant without nitrogen fertilizer, and that
did not affect the optimal yield estimates.

In the third stage the polynomial regression eqyity 2E-07X - 0.0001X + 0.0132x + 2.6319
characterizes the changes within spring wheat giiaid grown in sandy loam after grass (Picture
5). To fix the optimum of nitrogen fertilizer, theirth stage polynomial regression equity was
applied that essentially explained the changes witlmgthin yield when influenced by a increased
nitrogen fertilizer rate (F-test's p-value 0.001Hokv 0.05). Spring wheat grown in experimental
conditions, in order to obtain the optimal yield,ulbneed only a 61 kg HaN fertilizer rate. Such
regularity corresponds to 99.9 % of cases=R.999 (Figure 5). The crude protein content within
spring wheat grain is reflected by the linear egy = 0.013%+11.701 that was statistically
essential since the F-test's p-value 0.002621 wiasvkie05 when describing 91.8 % of the field-
test data (R= 0.9176).
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Figure 5. Yield and crude protein changes within loanmg sdter grass
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With of 61 kg h& N rate could be obtained supposedly 3.11'tdfagrain crop. The critical crude
protein content within the grain supposedly wouddalttained already with minor nitrogen fertilizer
rates, not affecting the optimal norm of nitrogen fesiliz

For spring wheat grown in loamy soil after grasspiider to demonstrate the changes within the
grain yield, the most appropriate was the secorgkgtalynomial regression equity y = -2E-05x
0.0069x + 2.749 (Figure 6).

34 18
=B 15.90
[ | 3.15 16
3.2 13.17 3.11 b
3.0 4 _ 14.73 P
124 3.04 13.59 1445 T 12
28 w276 290 10
<, yp=0.0131x,+12.407 o %
’ R?2=0.9783 )
24 y = -2E-05x2 + 0.0069x + 2.749 -6
R?=0.9368 -4
2.2 L 5
20 T T T O
0 50 100 150 200 250
nitrogen fertilizer, N kg ha
W yield # crude protein

Figure 6. Yield and crude protein changes within loant gftess
The polynomial regression model can explain 93.7f%hanges within spring wheat grain yield
affected by the increase of the nitrogen rate. ®tercination ratio is R= 0.937. Changes within
the grain yield of spring wheat grown in loamy safiler grass is represented at the second stage
polynomial regression equity (Figure 6), the staddaristake of the expected value being 0.0604.
F-test's p-value 0.0158 is below 0.05, therefore #mgession equity is a statistically essential
explanation of the changes within spring wheat gragdyi
The crude protein content within spring wheat grantreased in a linear way:,y=
0.0131x+12.407, that is a statistically essential explanaiothe crude protein value since F-test's
p-value 0.000178 is below 0.05 describing 97.8 % fie&d data (determination ratid 0.9783).
Based on the regression equity, the spring wheatrgio experimental conditions, in order to
obtain economically optimal yield — 3.03 thshould need only 45 kg ha fertilizer rate, and the
crude protein level would definitely be above théigal border since even without nitrogen
fertilizer the obtained spring wheat grain yield contaibh2adl3 % of crude protein.
Changes within crude protein after the same pregediop in soils with a different texture when
increasing the nitrogen fertilizer rate were rathnilar. The crude protein content within grain
was more affected by various preceding crops wisettea granulometric content of soil affected
the crude protein only within the variant withoutrogen fertilizer. Fixing the economically
optimal nitrogen fertilizer rate for spring wheatdagrain crop, the crude protein content, in most
cases, was not a limiting factor if it is suppodeat tan 11.5 % high crude protein content within
the grain is sufficient for qualitative grain stands. Only within sandy loam after potatoes, fixing
the economically optimal nitrogen fertilizer norrachto be slightly increased in order to attain the
crude protein content's 11.5 % borderline within tr@in, and the reason could be the decline of
soil nitrogen mineralizing potential due intertilleerops grown in the previous year, especially
within lighter soils.

Conclusions

The essential increase of spring wheat grain yield insured by a 50 — 150 k¢ high nitrogen
fertilizer rate. Further increase of nitrogen fez