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Kartupdu sklas bumbiu diedzSana pirms &tiiSanas ietekihsadgSanagtrumu, diedzti
bumbudi sadgstatrak; sadguso augu daudzumu jo dietiem bumbdiem mazk slimibu bogjumu
un vaiak st@dito bumbdu sadgst; atsevikos gados arraZzas lielumu, dieddem <klas
bumbdiem lielaka raZa; sauspalnkumais bajjumu pakipi, kirnei ‘Lenora’ nediedaiem
bumbdiem bija mazk bojajumu uz lagm; ka aif bumbdu lielumu, augiem no diedtiem
bumbdiem viers no Etijuma gadiem veidag lielaki jauras razas bumbi

Kartupdu stdiSanas aifums ietekmd@ bumbdu lielumu, lieika st@diSanas afituma
veidojas lieiki bumbdi; viena pétijjuma gad sauspalnkumaibas izplatbu, jo liekks stdiSanas
attalums, jo mazka izplatba; la af raZas lielumu vienno Etijjuma gadiem, jo liaks stdiSanas
attalums, jo zeraka bumbiu raza..
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SOIL AND PLANT NITROGEN CONTENT
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Abstract

The quality of mineral nutrition is one of the mdsiportant factors affecting plant
processes. The grain yield and especially quafiéydependent on the available nitrogen content
and the plants possibility to use it. In winter &heespecially the plants response to plant nugien
is different according the growing season.
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The intention of the research is to explain nitrog®ntent changes in different winter
wheat varieties and in the process of plant yield guality formation. The research studied the
nitrogen uptake process in parts of the wheat @adtin soil vegetative growth. The studies were
conducted as a field trial at the Training and Rede Farm “Peterlauki” of the Latvia University
of Agriculture for three years on sod-calcareouglioma loam. There were four winter wheat
varieties with different nitrogen applications. Theaterial for nitrogen analyses in the above
ground plant parts were collected at the Zadoksv@r&tage (ZGS) 32, 51, 69 and 91, and the soil
samples at 0-20. 20-40, 40-60 cm depth layers walected at the some time.

The concentration of nitrogen increased till theating into the ears stage and its depends
on the tyoe of mineral fertilizer and from the dyi duration vegetative period. The relation of the
mineral nitrogen content in the whole plant hasgh ltorrelation with grain yield in ZGS 51 for
medium intensive varieties. The relation of the enéth nitrogen content in the soil has a high
negative correlation with grain yield. A close @ation was found in the distribution of nitrogen
concentration in leaves and stems and nitrogericapioln, but it depends on the varieties and the
plant growth stages.

Key words
Winter wheat, nitrogen, soil, yield

levads

Baribas vielu nodroSijums ir viens no namigakajiem faktoriem augu augSanas un
attistbas proces Taj pat laild razas lielumu un itpaSi &s kvalititi liela mera nosaka augiem
pieejama slapea daudzums uratizmantoSanas iegjas. Veetacijas period dazdam &irnem
slapela izmantoSanas gpas un idz ar to sipeka koncenticija aug kopung, ka ai atsevigas &
ddas var it ieverojami at%iriga. Ziemas kvieSos augu fizas vielu ugemsana vis vegetacijas
perioda laila notiek nevienrérigi (Archer, 1988, Bertholdson, Stoy, 1995§cHR.Sharpa (Sharpe
1988) ztijjumiem, konstaits, ka pirmajs 28 dies Ec neslojuma pielietoSanas auginem 61 %
no pielietof slapeka neslojuma. Sipela trikums aug ir cieSi saigts ar graudu veidoSanossd?
vairaku ziratnieku p@Etjumiem (Hayne, 1986, Bertholdson, Stoy, 1995, Heialker, 1994)
nogatavoSais fazé nowerojama sipeka uzkaSaris graudos. Intemga tipa %irnem ir zenaks
protana saturs (Boskovic, Bokan, 1996} kezul&ta augam ir nepiecieSams audst shpela
saturs nek vidgji intengva tipa &irnem (Archer, 1988). Lai palieldiu augam nepiecieSam
slapelda izmantoSanos, #lela mine&lmeslojums fpielieto laika, kad augam tas nepiecieSams un
kad vislalak augs to sg uzpemt (Hayne, 1986). Savat, graudu kvalidtes &ditaji (lipeklis,
protana saturs) veidojas dadu savstarfji saisttu faktoru - meteorolgiskie apsikli, skirnes
geretiskas ipadbas, sipela nEslojums u.c. mijiedadbas rezufita (Ruza, Dominiece, 1995,
Karele, Ruza, 2001).eRjuma nerkis - skaidrot saka@pas starp dpela saturu augsnun dazdas
augu dé&s un to ietekmi uz graudu raZu ugs tkvalifati pec vegetacijas perioda garuma un
intensitites atgirigam &irnem.

Materi ali un metodes

lzmeginajumi ierikoti LLU Lauksaimniethas fakulites MPS PBterlauki no 1997-
2000.gadam. Augsne — putakha smilSrala lesiveta binaugsne ar augstu fosfora ualijk
nodrosimjumu, pte — 7,0, tidvielu saturs 20 g Kg ReiZ ar €ju augs® iestadati mineralmesli
NPK g.2430 200 kg hd. Izmeéginajums iefkots ¢etros atkrtojumos @c parasts atkirtojumu
metodes.

Izmeginajuma ieklautascetras pc raibas Imepa un véefacija perioda garuma ati¥igas
ziemas kvieSuldrnes ar dafu skpeKa neslojumu: agina, vidji intengva tipa — ‘Donskaja
polukaiikovaja’ - meslojuma norma .o (turpmek tekst D-120) un vidji agrina "Sirvintas-1' uz
diviem foniem - N (turpmak tekst S-0) un Noeo (turpmak tekst S-120), vigji vélinas, intersva
tipa &irnes — ‘Moda’ ar tis neslojuma norram - N, (turpmak tekst M-0), Nso+go (turpnik tekst
M-120) un Ngi7o+40 (turpmak tekst M-170), un ‘Bussard’ ar gbeKa mneslojumu Nii7o+40
(turpmak tekst B-170). Daitais shpelka neslojums dots sekojas augu atstibas fizés: pirmo
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reizi — vezetacijai atjaunojoties; otro reizi — ceroSanas Beig stiebroSanagileuma. treSo reizi —
stiebroSanas beisg.

Slapekla saturs augos lap, stiebros un arpas tika noteikiséetras reizes @facijas
periodh - 32, 51, 69 un 91 augu @Wiibas etapos, vienlagi nopemot augsnes paraugus,N
noteikSanai sekojo3os fizmos: 0-20, 21-40 un 41-60 cmagKa saturs augsnun augos tika
noteikts gc Kjeldala metodes % absiik sausa. RaZas aditaji izteikti pie graudu mitruma 14 %
un 100% tribas. Protma saturs graudos @Rmats, pielietojot koeficientu 5,7. Datu matatiska
apstade veikta ar MS Excel programmu, izmantojot disijessanaizi. Konkreto starpbu anaizei
lietota mazka batiska robeZstarfba (oo un FiSera kritrijs (F). Dati apst@dati ar korekcijas
analzi.

Rezultati

Vidgji tris gados gpekla saturs ziemas kvieSu fp(saush) augsiko raditaju sasniedz
jau lidz 32 afistibas etapam (AS 32) — 25,5 g'kfModa N)) lidz 42,2 g kg (Bussard ) un ar
nelieBm izmaham lidzgs sivoklis saglabjas idz varpo$anas#umam (AS-51), t.i., 25,5 g kg
(Moda N) Iidz 41,4 g ki (Donskaja polukarlikovaja ). Turpnika augu afistbas gai lapis
nowerojama sipeka satura konceritijas samaziiSaras, sasniedzot ziédanas beiguafe vidgji
agfinam %irneém (‘Donskaja polukdikovaja’ un ‘Sirvintas-1') neatkagi no skpeka neslojuma
fona 26,2-27,7 g kY bet vidji vélina tipa §irnei ‘Moda’ speKa saturs lags bija atkaigs tiesi
no skpeka neslojuma normas un bija robezno 15,6 (I 1idz 30,8 (N;o) g kg'. Augstiko
slapeka saturaaditaju lapas Saj fazé uzmadija irne ‘Bussard’, kas ir ragaka no izneginajuma
ieklautaim -33,7 g kg (1. att.).
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1.att. SipeKa saturs atseviSs auga dias vesetacijas period, g kg'.
Figure 1. Nitrogen content of different plant patsvegetation period, g Rg
W lapas/leaves@  stiebri/stem arpas/ears O graudi/graim  salmi/straw

Dispersijas an@es rezufiti liecina, ka daf#dam ziemas kvieSu kirnem at%irigs
méslojums ltiski ietekn® slapela saturu lafis - FiSera kritrijs Fr=7.964>k 0s=2.996. Bitiska
ietekme ir ar augu afistibas fizei - Fa=8.001>F s=3.885.

Slapeka saturs stiebros maksito koncenticiju sasniedz stiebroSanagksma fizé (AS-
32). Vidkji agrina tipa §irnem, atkafba no skpeka meslojuma normas tas ir no 15,3 (Sirvintas-1
No) lidz 29,6 g kg (Sirvintas-1 N,o), bet vidji vélina tipa §irnem — 14,8 (Moda §) — 39,8
(Moda Ni7¢) g kg'. Dispersijas anzes rezufiti liecina, ka sipela saturu stiebrositiski ietekne
atXkirigie izneginajuma varianti, jo E=3.768>ks=2.996, Kk afi augu afistibas fizes, jo
Fra=21.149>F ,=3.885.

Slapeka saturs &rpas kopuma augsiko raditaju sasniedz tieSiarpoSanasakuma (20,2-
31,3 g kd) un ziedSanas #zes beigs — graudu veido3as sikuma jau bitiski samazias
(Frak=40.490>k 05=5.987), savulrt, variantu ietekme naviliska - k,=1.644<k s=4.283.

NogatavoSads faze slapela saturs koncerdjlas, galvenokrt, graudos un ar Fbekli
meslotos variantos ir no 23,7 - 27,2 g'kdvidgji agrina tipa &irnem maksimumu uzda irne
‘Donskaja polukdikovaja’ ar neslojumu Ny.go Sasniedzot 27,2 g Rg bet vidji vélina tipa
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gkirnem shpeka maksimums Bd.7o+40 Skirnei ‘Bussard’ — 28,3 g k'b SlapeKa saturu graudos
nosaka, galvenakt, &irnesgeretiskasipadbas (Donskaja polukiikovaja) un sipeka neslojuma

norma — tai palielinoties, pieaugiafapeka saturs graudos (Sirvintas-1, Moda)japBKa saturs
salmos vad safdzinosi nelieds robeds (5,5 — 8,1 g kg ar nelielu sipela neslojuma ietekmes
tendenci un ziima mgéra atkaiigs no girnesipatribam.

Augstkais kogjais shpela saturs augsn ka an atsevi§i dazdos augsnes @&jos
konstaéts lidz stiebroSanasileuma fizei neatkaigi no shpelka neslojuma fona (2.att.). Turpaka
vegeftacijas period visos augsnes&los un idz ar to ar kopgjais shpeka saturs augsnstrauji
samazias — bezdlpeKa variantos vai ar divredpp slapeka neslojumu fdz graudu veidoSas
sakumam, bet variantos, kur lietots 3. papifiejums &irnem Moda un Bussard,idz
stiebroSanasates beigm, tad seko neliels aela satura paliel&ums, galvenokrt, uz shpelka
satura pieauguma augsnes a@j@s shnos (nmeslojuma ietekme). \@eticijas beigs graudu
nogatavosaas faze (AS91), kad augi vairs nav fgi izmantotargjas vides babas vielas, gpeka
saturs augsnes nitrifikijas ietekng palieliras praktiski visos augsnesasbs. datame, ka augu
vegeftacijai beidzoties dpela satura paliel@ums augsa izteikti augsiks ir &irnem ar 1saku
vegeticija periodu (Donskaja poluKikovaja, Sirvintas-1), kas liecina par gefcijas perioda
neizmantoim iesggjam. Visa vegetacijas period augsnes viga slani (0-20 cm) sipela saturs ir
lielaks saidzinot ar katru &koSo shni.
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2.att. Sipekla satura izmads augshdazdas augu atstbas izes vickji 3 gados, g k'd.
Figure 2. Mineral nitrogen content in soil on dfat growth stage average 3 years,'é. kg

—e— 0-20 cm—=— 20-40 cm—4— 40-60 cm—<— Kopa

Korelafiva analze liecina, ka vigi agrinam irném, kur nowrojumu skaits n=9 un
kritiska vertiba pie 95 % tfitiskuma tmepa s = 0,67, augu stiebroSanaszés gkuma pastv
butiska korefcija starp fpekia saturu augsn?20 — 60 cm aht un shpela saturu lafs (1.tab.), &
an starp sipela saturu visosatitajos augsnesajos un sipela saturu stiebros urarpas graudu
veidoSaas sikuma. Vidgji veélinam &irnem, kur n=12 un gos = 0,58, sipela saturs augsn
slapelda daudzumu l&gs praktiski neietek@ja - hitiska koreficija starp Siem aditajiem netika
konstagta, toner ir konstagta poziiva korehcija starp glpela saturu 20-60 cm augsnesnsiun
slapela saturu stiebros uranpas irpu varpoSanasakuma (AS51).
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1.tabula. Koreicijas koeficienti (r) starp shbela saturu augsnun atsevikas auga das/ Table 1.
Correlation between mineral nitrogen content ith@od nitrogen content in different plant parts.

Augu Augsnes Vidgji agrinas &irnes/ Vidgji velinas &irnes/
daa/ slanis/ Medium early varieties Medium late varieties
Plant Soil layer
part AS32 AS51 AS69 AS32 AS51 AS69
Lapas/ 0-20 cm 0.32 0.29 -0.10 0 -0.90 0.09
Leaves 20-40cm 0.85 0.06 -0.40 0.06 0.78 -0.08
40-60 cm 0.36 0.39 0.03 0.60 0.57 -0.77
Stiebri/  0-20 cm 0.90 -0.05 0.89 0.89 -0.88 0.12
Stems  20-40 cm 0.23 -0.28 0.98 0.82 0.72 0.05
40-60 cm -0.40 0.05 0.83 0.46 0.58 -0.66
Varpas/ 0-20cm - -0.69 0.92 - -0.78 0.07
Ears 20-40 cm - -0.84 0.78 - 0.75 -0.31
40-60 cm - -0.62 0.96 - 0.69 -0.93

Augstikas graudu razas vl 3 gados iegtas no vidji vélinam &irném Moda un
Bussard. Savukt, slipeka mnEslojuma palieligjums %irnei Moda no N,y uz N7 razas
pieaugumu nedeva, bet &wjami palielirija proté@na saturu graudos (2. tab.) Ra izmgginajumu
lauka augsnes ir ar salzinoSi augstu poterido augibu, bezdipela variantos iegfas saldzinoSi
augstas razas — virs 5 t*ha Skpela neslojuma pielietodanaidz Niy kg uz ha attidgajam
&irném ne tikai iegrojami palielirija graudu razu, betigprot@na saturu graudos.

2. tabula. Graudu raZza un prita saturs graudos, vid. 3 gados/ Table 2. Graid gied crude
protein content average 3 years.

Raza/ Yield, Protana saturs,/

tha' crude protein

Skirnes/ Varieties content, g kg.
Donskaja poluk.-hbg 6.41 155
Sirvintas-1 - N 5.12 109
Sirvintas-1 - Nog 6.42 140
Moda - N 5.96 103
Moda - Ni»g 7.57 123
Moda - Ni7o 7.40 136
Bussard - Ny 7.14 163

Veicot iedito datu matemtisko apstidi, konstatta hitiska koreficija starp glpelda saturu
0-60 cm augsnesasii un graudu raZzu vigh agrinam &irném graudu veidoSas skuma (AS69)
un mazk izteikta 0 — 40 &t stiebroSanasakuma, kur n=9 un g5 = 0,67 (3.att.). Saviakt, vidgji
vélina tipa §irnem batiska korefcija starp gipela saturu auggun graudu raZu netika konsttat,
iznemot stiebroSanaglaima fize 40 — 60 cm augsnessi, kur n=12 undes = 0,58.

Butiska koreficija starp dpeka saturu lafis un stiebros un graudu razu tika korestat
vidgji agrinam &irném 32 un 51 augu atibas etapos, kur n=9 ugek = 0,67 (4.att.), bet vij
velinam irném stiebros un arpas 51 augu awstibas etap, kur n=12 un g¢s = 0,58. Bitiska
korelacija pie 95 % htiskuma tmepa starp sipela saturu augsn0-60 cm sint un proténa saturu
graudos netika atrasta (5.att.). Sartikstarp fipella saturu augu lap vidgji agrinam kirnem 32
un 51 afisibas etapos tika konsttd hitiska koreficija ar protena saturu (6.att.), bet \ajl
veltnam irném 51 un 69 augu astibas etapos.
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Korelacijas koeficient:
Correaltion coefficiel
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-1 |- Vidgji agrinas &irnes/ Medium ear VidcEji vélinas &irnes/
varieties Medium late varieties

3.att. Koreldcija starp dipela saturu augsrun razu.
Figure 3. Correlation between mineral nitrogen eatnin soil and grain yiel
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Vidgji agrinas &irnes/ Mediumearly | Vidi velinas &irnes/ Medium late varieties

4 att. Koredcija starp dpela saturu augun graudu razu.
Figure 4. Correlation between nitrogen contentffierdnt plant parts and grain yie
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5.att. Koredcija starp mineala skpela saturu augsrun graudu profiaa saturu./
Figure 5. Correlation between mineral nitrogen eohin soil and grain crude
protein content.

B AS32@ AS5100 AS69
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6.att. Koreicija starp dlpeka saturu auga s un protana saturu./
Figure 6. Correlation between nitrogen contentantgparts and gra
crude protein content.
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Diskusija

Izmgginajuma noskaidrots, ka #beka izmantoSais ziemas kvieSos iZ#ginajuma visa
vegetacijas period norit neviennarigi, ka tas ir at atats citu autoru (Archer, 1988, Bertholdson,
Stoy, 1995) ptijumos. Dda no augiem nepiecieSarii@ vielam tiek izmantota no augsén
esoSajiem lgjumiem, bet babas vielas no iestdatajiem mineglmesliem praktiski vienrer tiek
izmantotas nepiligi. Veiktajos izngginajumos to atspodo af mineiala slapeka satura izmais
augsmr vegefacijas perioda laik kad konstatas atgiribas starp vigji agrinam un vidgji velinam
&irném. lzmeginajuma konstatta af parsvai batiska koreficija starp slpela saturu augsnun
augos un graudu raZu un vienu no graudu latabt aditajiem — proténa saturu, kas liecina, par
dazdu faktoru ietekmi uz graudu raZzas veidasaprocesu.

Secirajumi

Slapeka saturs vidji auga pieaug 1dz stiebroSanasaZes vidum una koncentacija ir
atkafiga no pielietdts shpela neslojuma normas, ta atkiriga [Ec vegetacijas perioda garuma
dazdam &irnem. Konstagta katiska korekcija starp sipela saturu vidji auga AS-51 etap un
graudu raZu vidi intengva tipa &irnem, ka af visam &irném korehcija starp dpeka saturu
vidgji auga AS-69 etap. 15 gadiumos no 18 atrasta pomia koreficija starp slpeKa saturu
augsm® un graudu razu. gbeka nmeslojums Iutiski ietekn® slapela saturu ziemas kvieSu augu
lapas un stiebros, ta @ saturs daddam &irnem un ar dazdas augu atsfibas fizes ir at¥irigs.
Slapela saturam auga lap vidgji intendva tipa &irném 32 un 51 augu asfibas etapos past
butiska koreficija ar protena saturu, bet inteha tipa &irném &da korelicija ir 51 un 69 augu
attistibas etapos.
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THE EVALUATION OF EFFECTIVENESS OF RHIZOBIUM LUPINI STRAINS

Steinberga V., Alsina I., Ansevica A., Dubova L., lepina L.
Latvia University of Agriculture Institution of Slehnd Plant Sciences
Strazdu street 1, Jelgava, LV — 3004, Latvia, pheBigl 3010612, e-maiina.alsina@llu.lv

Abstract

Biologically fixed nitrogen plays an important role crop rotation of green agriculture.
Significant increase of legumes yields are obtaibgdeed treatment with active nitrogen fixing
bacteria strains before sowing. The possibilitghaf improvement of plant biomass yields through
the use of more efficient combinationsRifizobiaand legumes was explored.

Experiments were carried out the at Institute @hPhnd Soil Sciences Latvian University of
Agriculture to investigate the effectiveness of tiRhizobium lupinistrains- a commercial
preparationnitragin, marketed by the company ‘Bioefekts’ and the stRinizobium lupinifrom
the collection of the Institute of Soil and Plariehces.

The test samples were placed in 5 L pots with wagfver sand, mixed with Kemira
GrowHow NPK 0 — 5 — 20 and microelements fertilizditrogen was added as ammonium nitrate,
0.024 g per 1 kg of sand for inoculated plants, smdtimes more (0.24 g Ry for the control
variant, where plants were not inoculated. In tegetation pot experiments three lupines species,
L. luteusvariety ‘Juno’,L. angustifoliusvariety ‘Sonet’ and.. albusvariety ‘Wat’ were used.
Before sowing the lupine seeds were inoculated Ritlzobium lupinstrains.

The results showed that plants receiving increastdgen dosages sprout later and lag in
height in the period of active growth. The planidéh depends on plant species. The smallest
length was observed of the speciesangustifoliusvariety ‘Sonet’, the largest are plants of the
specied.. luteusvariety ‘Juno’. The inoculation of plant seeds potes increase in plant length till
the phase of bud formation. There are no significiffierences betweeRhizobium lupinstrains.
The largest fresh and dry weights were observedLfoalbus variety ‘Wat’, but specied..
angustifoliushad the smallest fresh and dry weight. The lardesmatter content in plants till the
stage of bud formation was observed for inoculgikeshts. After the phase of flowering it was
found that symbiotic systems are not sufficient piroviding nitrogen. The effectiveness of
Rhizobium lupinstrainsare species dependent.

Key words
Rhizobium lupinstrains, lupine, inoculation

Introduction

One of the properties of nitrogen fixing bactesatd form nodules on plant roots and fix
nitrogen from the atmosphere. The symbiosis betveeteria of the genughizobiumand their
leguminous host plants results in the formatiomoof nodules in a species- specific way, in that a
particular bacterial species can nodulate onlynétéid number of host species. Symbiosis converts
the inert form of nitrogen (N to organic nitrogen and incorporates it into pno$, nucleic acids
and other cellular components. By symbiosis plgmsvide bacteria with nutrition elements,
mostly sugars, and ensure favorable conditiondifin the nodules. Much more viable bacteria
returns to the soil after the decomposition of phents. (Spaink et al., 1987; Stephens and Rask,
2000, Ovalle et al., 2006)

The encouragement &hizobium- legume symbioses definitely increases the inm@ton
of biological fixed nitrogen into the soil ecosystgMetting F.B. 1993). A large part of the
biological nitrogen fixation in agricultural systeris derived from the cultivation of legumes. It is
estimated that each year the soil is enriched witttogen from 100 to 300 kg per hectare, at the
end of the vegetative period and after the decoitipo®f the plant. (Schlegel, 1992; Tate, 1994)
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