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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.
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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.
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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

151



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

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.
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correlation coefficient

0.00 ‘ ‘
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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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