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Abstract

Fertilisers are of great significance in the forimatof wheat Triticum L.) spring variety
yield and its quality. Usually organic and minematrients for plants are worked into the soilslt i
known that the utilisation of mineral nutrientsrfrasoil is not with the high efficiency. An actual
problem for agriculture is the rational using ofnients. Mineral supply trough leaves increases the
availability of minerals and it is better for theveronment. This was the first investigation of the
influence of mineral supply trough leaves on amafmphotosynthetic pigments in spring wheat
leaves in Latvia. There were field tests and latooyaexperiments.

Field tests and laboratory experiments were cawigdwith wheat variety ‘Jasna’.
During the heading phase plants were sprayed walilitisn of micronutrients -DDMn
(Mn:Zn:Cu:Mo:B = 4:0.010:0.020:0.001:0.010) andusimin of macronutrients Phosific
(NH4NO3:P,05:K,0:SO; = 10:15:5:30). The field tests were carried outthe Latgale
Scientific Agricultural Centre in Eastern Latviaytbthe laboratory experiments in the
Department of Plant Physiology the faculty of Bmpjahe University of LatviaField tests
were performed itthe year 2005. The field tests were organised daogto the method of random
blocks with 4 repetitions. The total area for acklvas 2 m x 10 m = 203xiThe total space of the
test was 1600 fn There was humus podzolic gley soil. The contdénirganic substances in the
soil was 5.2%, pkk — 6.45. Micronutrients in soil (m@'): N — 100, P — 730, K — 140, Ca — 13625,
Mg — 2500, S — 23, Fe — 2800, Mn — 125, Zn — 5-CG5, Mo — 0.08, B — 1.20. Pre-plant was
flax. As a basic fertiliset Kemira Grow How"complex mineral nutrition 5:10:25 3 ¢ hamineral
supplement was ammonium nitrate — 1 ¢ ke recommendations of the supplier). In fielstse
the yield of wheat was determined. The wheat wapped according to the seed ripening phase by
grain combine harvest&ampo—130.

In the laboratory (in the year 2005 and 2006) erpemts the seeds were germinated at
20°C in a Petri dish. The number of repetitions — e iumber of seeds in every repetition was
100. In the laboratory experiments were determiagtbunt of photosynthetic pigments were
estimated spectrophotometricaly. During laboratexperiments plants were grown also in
containers with soil from Latgale Scientific Agrittwral Centre (volume 1 litre) 10 plants in each.
The number of repetitions — 4. Plants were sprayet foliar fertiliser following directions.
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Photosynthetic pigments were determined after appe#he second true leaf with intervals of 7
days. Chlorophyll amount were quantified wBRAD-502

The supply of macronutrients and micronutrient®ulgh leaves increased the amount of
photosynthetic pigments in wheat leaves by 3 to 29%eld and laboratory experiments either.
Greater positive effect is due to the fertilisatiohmacronutrients through leaveSPAD meter
readings were linearly related to chlorophyll taahount in wheat leaves. The advantage of this
method is absence of necessity to destruct lealles. favourable effect on the amount of
photosynthetic pigments in leaves remained in theé generation. Spraying of minerals during the
heading phase increased wheat grain yield by 3oirb comparison with the control. Optimal
doses of minerals trough leaves during wheat hgagitase insure positive correlation between
amount of photosynthetic pigments and grain yidégative influence on the environment is
reduced.

Key words: fertilisation through leaves, spring wheat, phottisgtic pigments, yields.

levads

Vasaras kvieSuTfiticum L.) raZzbas un razas kvadies veidoSan noamigs faktors ir
meéslojums. Augiem babas elementu nepiecieS@m parasti nodroSina ar organisko un
mine@lmeslojumu, tos iesadajot augs®. Ta ka augiem minedlelementu izmantoSanas efektive
nav augsta, lapu @slojuma pielietoSana ir viens no patlaban alk#iem s probéEmas
risinajumiem.
MigloSana caur lagm palielina augu minaimeslu izmanto3Sanas efektigit un samazina negatis
sekas vid. Mineralelementi lapas audos igst caur kutikulas hidrofiliskamm pomm, kuru
diametrs ir maaks par 1nm (Schonherr,1976), aknapoplast, tad pa plazmodesm ieklast
&inas, pa simplastu govietojas uz cm lapas parernimas §inam un iesaisis metabolisra vai
norek vadaudos (Schonherr,1976; Marschner, 1999).
Vielu umemsSanu caur lam ietekn® auga ontgerezes etaps, lapu anatormiskzbive, nesloSanas
IidzeKa kimiskas ipagbas un koncenicija, meteorolgiskie apsikli un citi faktori (Levy, Horesh,
1984; Tyreeet al., 1990; Bowman, Paul, 1992; Marschner, 1999). Kautnane&lelementu
uzemsana caur lam nevar aizét augu mineilo baroSanos no augsnes caur sakrtoner tai ir
priekSrogbas (Tyreeet al.,1990; Marschner, 1999): iegamsatri piegadat augiem tieSi attiagaja
attistibas period visvairak nepiecieSamoslementus unatla veida reguEt augSanu un astibu;
atri un efekivi noverst fiziologiskos traugjumus, kuri radusies mingelementu tiikuma rezulita;
vajadZgs neliels daudzums attigo savienojumu; samazis augsnes piemoSana akimikalij am.
Pec vairaku autoru doram fotosingzes pigmentu daudzums augu aggzirama mera raksturo
apgdi ar minedlelementiem (Longstreth, Nobel, 1980; Marshner, 99 ai augu fiziolgisko
stavokli (Dudenkoet. al., 2002; Neufelcet al.,2006).
Petijuma nerkis: analizt lapu ngslojuma ietekmi uz fotosiBtes pigmentu saturu kvieSu &gpun
graudu raZu.

Materi ali un metodes
Petijums veikts Latgales Lauksaimnibas ziatnes cen& un Latvijas Universiites Biolgijas
fakultate 2005. un 2006. gadPetijuma objekts vasaras kvieskirhe 'Jasna’

Izmgginajumos izmantots lapu &slojums DDMn (mikroelementi) un Phosific
(makroelementi). Mikroelementu @slojums DDMn ir pulverveida viela, viegli idst ademn, ar
kKimisko sagivu Mn:Zn:Cu:Mo:B = 4:0.010:0.020:0.001:0.010. Maddementu raslojums
Phosificir Skidrais neslojums arkimisko sastvu NH;NO3:P,Os:K,0:SG; = 10:15:5:30, pH — 1.8-
2, masa — 1.333 kg |

Lauka izngginajums iekartots [Ec randomizto bloku metodes 4 aikojumos. Lauaia
kopgja platba 2 mx 10 m = 20 rh Uzskaites plaba 1.6 mx 10 m = 16 m Izolacija starp
variantiem 0.4 m, starp atikojumiem 0.5 m. Izréginajuma kogja platba 1600 rh

Lauks drents, reljefs izidzinats, augsnes neéwgjums 48 balles. Lauka iz#pinajums
iekartots tmdaira podzotta glejaugsa. Augsnes pkk — 6.45, organisko vielu saturs 5.2%.
Mineralelementu saturs augsKimg rl): N — 100, P — 730, K — 140, Ca — 13625, Mg — 2506
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23, Fe — 2800, Mn — 125, Zn - 5, Cu — 8.5, Mo -80B— 1.20. NodroS#jums ar fosforu, kalciju,
magniju, dzelzi irloti augsts; ar 8pekli, varu, molibdnu — augsts; ar ma#igu, cinku, boru —
optimals un ar 8ru un kliju — zems. PriekSaugs — lini. Pamasiojuma kompleksie minalmesli
5:10:25 3 ¢ ha un papildnaslojuma amonija salpetris — 1 ¢ haAugsnes apstde un ngslo3ana.
Ruden lauks uzarts. Pavasareikta augsnes sagatavoSasjisar kombirtto apstades agregfu
Laumetris Kompleksais min@atmeslojums iestidats augsa dienu pirms §as, kultivacijas laila,
devas saska ar metodiku. Pirmsegas lauks pievelts. &a veikta 3. maj ar €jmadnu SN-16.
Izsgjas norma 250 kg Ha Pec sjas lauks pievelts.

Sesjumu kop3ana. TreZajinija veikta migloSana ar pestitem Mentors — 0.35 | Ha+
Cikocels — 1 | héd + Arrats — 150 ml Ha+ Kemivets — 100 ml ha Slimibu apkaro$anai 29tjija
lietots fungids Tango Super — 1.5 | hakaiteklu apkaro3anai lietots Fastaks — 150 mif.ha
Sepitaja jinija dots sipea papildndslojums 60 kg hd Pirmaf jilija kvieSu virpo$anasakuma
dots lapu raslojumsDDMn — 0.6 kg h& unPhosific— 2 | h&'. Vasaras kviei nakti ar kombainu
Sampo-13@31. augugt

Meteorolgisko apsiklu raksturojums: 2005.gada n@ipaiss iesila pamam. Maija
1.dekide gaisa vidja temperatra 2.4C zenika par normu, bet noke& daudzums 4.9 reizes
parsniedza normu. Amaija 2. dekdg laika apsikli bija lidzgi. Laika apstkli pozitivi ietekngja
kvieSu dgSanu un augu astibu. Jinija videja gaisa temperata 14°C, jeb 0.9°C zenika par
normu. Nokrigu daudzums 65 mm, jeb 87 % no normadij @ bija silts laiks, vidja diennakts
temperaira par 1.7°C parsniedza normu un nokn& daudzums 65 mm, jeb 80 % no normas.
Laika apsikli labveligi ietekn€ja augu augSanu un sttbu. Augusi vidgja diennakts temperata
bija tuvu normai, bet nokm# daudzums 1. dade 4.6 reizes frsniedza normu. #Pmerigais
mitrums negavi ietekngja graudu kvaliti.

Laboratorijas izraginajumos €klas diedztas 20°C temperatra. Sklas ievietotas starp
filtrpapira lagm Petri traukos un novietotas tuing\tkartojumu skaits — 4. Kadratkartojuma —
100 €klas. Lidz ar sklu digSanasakumu &s ekspogtas gaisr. Fotosinézes pigmentu daudzums
kvieSu dgstos noteikts spektrofotometriski 7.diggec klu digSanasakuma.

Laboratorijas izraginajumos kvieSi auddi vegetacijas traukos, kafr10 augi. Atlartojumu
skaits — 4. Aptuveni ¥ d& vezetacijas trauka tika piepilita ar dredZzas sini (keramits). Virs
dreraZas sipa iepildts 1 litrs Latgales Lauksaimnibas ziatnes cen®& ievaktas augsnes. Augu
laisiSanai izmantots nastinats krianatdens. Augi migloti ar lapu &slojumu atbilstoSi metodikai
ceroSanasate (21.diera pec sklu sadgSanas). &ot ar otés lapas stadiju, ikge 7 dieram veikti
fotosingzes pigmentu grjumi.

Fotosintzes pigmenti noteikti jawkaja auga lap. To daudzums anits pektrofotometriski
ar Ultraspec 310095% etilspirta izvilkun, nosakot gaismas absorbciju (Alpéd garumos, kas
atbilst hlorofila a, hlorofila b un karotifdu absorbcijas maksimumiem. Pigmentu konaeij&
(ng mI*) apekinata pec formum (Kutschera,1998):

Ca =13.36 /%64_ 5.19 A48
Cb =27.43 /%43— 8.12 '%64
Cy = (1000 Ao — 2.13 G- 97.64 G) 209"
Hlorofila daudzums noteikts ar nedestiukitmetodi, izmantojot hlorofilmetr8PAD-502
Datu matergtiska apstide (standarflida, robeZstafpas apgkini) un at€lu izveide
veikta ar datorprogrammuS Excel

Rezultati

KvieSu &%irnes ‘Jasna” &las, kas ieQtas no augiem ar dadu lapu naslojumu,
fotosinEzes pigmentu noteikSanai di€flz laboratorijas apaklos. Sklas sika dgt 40.stund pec
eksperimenta igttoSanas. Fotosigtes pigmentu daudzumu noteica 7. dipéc £klu sadgSanas.
Pec l.attla redzams, ka lapu &slojums pozivi ieteknejis hlorofila a biosintzi nakamas
paaudzes kvieSuigktos. & saturs palielisjies par 19 — 29%, galzinot ar kontroli. Vislieitkais
hlorofila a daudzums ir makroelementu lapéstojuma varianta kvieSuigstos. Bc hlorofila b un
karotinadu daudzumadiiiskas atgirtbas starp variantiem nav konsjatnas.
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1. atels. Fotosintzes pigmentu saturs kvie&irfies ‘Jasna’ wjstos. Laboratorijas
izmeginajumi/ Figure 1. An amount of photosynthetic pigneeimt wheat variety ‘Jasna’ shoots.
Laboratory experiments.

Laboratorijas izraginajumos augsnes kuitas audztu kvieSu lags ontgergzes skuma
(7. diera pec <klu sadgSanas) ir sadzinoSi zems fotosigzes pigmentu daudzums (2.- 4 gkt
CeroSanas un stiebroSanagef pigmentu daudzums kvieSu fap pakipeniski pieaug. KvieSu
varpoSanasakuma verojama visu fotosirzes pigmentu daudzuma samagaras. Af citu autoru
darbos konstéata lidziga fotosingzes pigmentu dinamika graudauguaamnt@erezeé (Simona-
Stoilovaet al.2001). Misu eksperimeatvisstraujk samazias hlorofila a daudzums. legams,
ka tas saists ar nelab&ligu vides faktoru ietekmi: laboratdripija krasas diennakts tempeénas
svarstibas. Literaira ir norades, ka stresa apktos notiek hlorofila hidrake par hlorofilidu un
fitolu (Pshibytkoet al, 2004; Rong-huat al, 2006). Bc augu migloSanas ar lapEstojumu (22.
diera pec sklu sadgSanas) &ojams visu fotosizes pigmentu daudzuma pieaugums kvieSu
lapas. Augu ceroSanas bafgyun stiebroSanasiZ& lapu neslojuma ietekra hlorofila a saturs
palielingjies par 4-12%, hlorofila b par 3-22%, karotinoidupar 2-6%, sadlzinot ar kontroli.
Lielaka ietekme ir makroelementu lapuéshojumam. \drpoSanas aizé fotosinEzes pigmentu
daudzuma samazisaras ar lapu réslojumu migloto augu I&gs ir mazka neld kontroles varianta
augiem.Ar1 varpoSanasazé makroelementu pozita ietekme uz fotosigzes pigmentu daudzumu
ir nedaudz liegdka neka mikroelementu. & augéu anaiZu rezultiem iznEginajumos izmantotaj
augsrk nodroSimjums ar makroelementiemaplekli, kaliju un <ru ir attiedgi labs, zems un
nepietiekams, bet nodrodjums ar mikroelementiem ir optats un augsts. lesfams, &pec
makroelementu ietekme uz fotosirés pigmentu biosieti ir lielaka.
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2. at€ls. Hlorofilaa dinamika kvieSulrnes ‘Jasna’ lags ont@ereze. Laboratorijas
izmeginajumi. 6 — dgSanasdze, 14-28 — ceroSanaxzé, 35-56 — stiebroSanaz é, 62 —
varpoSanasaze/ Figure 2. Chlorophyl dynamic in leaves of wheat variety ‘Jasna’ in
ontogenesis. Laboratory experiments. 6 — germinafid-28 — tillering, 35-56 — stem
extension, 62 — heading.
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3. atels. . Hlorofilab dinamika kvieSuldrnes ‘Jasna’ la§s ont@ereze. Laboratorijas
izmeginajumi. 6 — dgSanasdze, 14-28 — ceroSanazé, 35-56 — stiebroSanazé, 62 —
varpoSanasaze/ Figure 3. Chlorophyb dynamic in leaves of wheat variety 'Jasna’ in
ontogenesis. Laboratory experiments. 6 — germinafid-28 — tillering, 35-56 — stem
extension, 62 — heading.
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4. atels. Karotinadu dinamika kvieSuldrnes ‘Jasna’ lafs ont@ereze. Laboratorijas
izméginajumi. 6 — dgSanasdze, 14-28 — ceroSanaizé, 35-56 — stiebroSanazé, 62 —
varpoSanasaze/ Figure 4. Carotinoids dynamic in leaves of wivaaiety ‘Jasna’ in
ontogenesis. Laboratory experiments. 6 — germinafid-28 — tillering, 35-56 — stem extension
and 62 — heading.
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5. atels. Hlorofila dinamika kvieSuldrnes ‘Jasna’ lajs SPADvieribas. Laboratorijas
izmeginajumi. 6 — dgSanasdze, 14-28 — ceroSanazé, 35-56 — stiebroSanazé, 62 —
varpoSanasaze/ Figure 5. Chlorophyll dynamic in leaves of wheaxiety ‘Jasna’ irSPAD
measurements. Laboratory experiments. 6 — germimati4-28 — tillering, 35-56 — stem
extension and 62 — heading.

Ar1 hlorofila daudzuma izmaas SPAD vietbas kvieSu laps makroelementu ietelarir
daudz lieikas nek miglojot augus ar mikroelementiem (5ei). Hlorofila dinamika ontgergze
ir [idZga visu fotosirizes pigmentu satura iznpam: hlorofila daudzums kvieSu lap ontgergze
pieaug, maksimumu sasniedzot stiebroSar&s, fbet \arpoSanas azé hlorofila daudzums
samazias visu izngginajuma variantu augu lag.

Lauka izngginajumos hlorofila saturu kvieSu lap noteica #rpoSanas un ziedanas zes
(6. at€ls). Hlorofila daudzums lauka apklos auguSo kvieSu lap ir lielaks nek laboratorijas
izmeginajumos. Tas liecina, ka apgaismojums un citi videsaali lauka izngginajumos ir bijusi
optimalaki kvieSu augSanai un a&tbai. A lauka izngginajumos konsta@ta lapu n@slojuma
pozitiva ietekme uz hlorofila saturu kvieSu ke saidzinoSi liekka ir makroelementu ietekme.
ZiedeSanas dze hlorofila daudzums kvieSu lap ir par 6,5-11,5 SPAD vidoam zenzks nek
varpoSanasaze. Hlorofila satura samaziBaris vagtu bit saistta ar augu novecoSanos, &1 ar
asimilatu straujiku transportu uz atggjoSiem centriem aug
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6. at€ls. Hlorofila saturs kvieSukErnes ‘Jasna’ lajs SPADvieribas. Lauka izraginajumi/
Figure 6. Chlorophyll content of wheat leaveSIPADmeasurements. Field experiments

Analizgjot rezultitus, kas iegti spektrofotometriski un ar hlorofilmetru konsjat Triticum L.

lapas koggja hlorofila daudzuma lireeu korehciju (7.- 9. atgls) ar augstu koretijas aditaju
0.96-0,97. Respeik, lineari pieaugot SPAD rathjiem, proporcioali pieaug at lapas hlorofila
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daudzums mg Y No koreficijas grafika ieguva kalilicijas vieridojumu, kaslauj parverst
SPAD vienbas absaita kopgja hlorofila vierbas:

y =0,1075x — 0,2644, kur
y —absaiitais koggja hlorofila daudzums (mg4,
X — attie@gais SPAD rarjjums (SPAD vietbas).
Lineara sakaiba starp koga hlorofila daudzumu un SPADanjumiem norota ar citu
autoru darbos (Simova-Stoiloea al.,2001; Neufelcet al.,2006).

Diskusija

Lapu neslojuma ietekra fotosingzes pigmentu daudzums kvieSu dagaboratorijas un
lauka izntginajumos palielinjies par 3-29% (1.-6. a&lk). Zdo plastdu pigmentu daudzums
zinama mera raksturo fotosirdzes norisi un auga fiziogisko savokli (Malkin et al., 2000;
Dudenko, Adrianova, 2002; Neufekt al., 2006). Fotosir@zé lapu $inu hloroplastos gaismas
enegiju saista visi pigmenti, bet gaismas etj@s transforraciju kimiskag enegija veic
fotosisemas | un Il cenf esoS3ais hlorofils a.@pec hlorofilam a ir pati btiskaka loma fotosingze
(Wettsteinet al., 1995; Sharma-Natu, Ghildiyal, 2005; Nelson, Yoc@@06). Misu eksperimeat
ar lapu mgslojumu miglotajos augos ir lits fotosinEzes pigmentu daudzumsapéc iesgjama
intengvaka fotosin€ze.

Hlorofila daudzums augir dinamisk lidzsvag: notiek hlorofila molekulu sigze un
noardiSaras. Hlorofila biosingze atkafga no augaseretiskajam ipa3bam, metabolisma procesu
norises, & af no vides apgkliem. Viens no btiskakajiem vides faktoriem ir auga nodrogiims
ar mineglelementiem (Wettsteiat al. 1995; Reinbothe, Reinothe, 1996; Beale,1999; B2@R5).

Saidzinot misu Etijuma rezulitus, kas iegti ar spektrofotometrijas un hlorofilmetra
metodtm, konstatja cieSu linaru sakatbu starp kopja hlorofila daudzumamerijumiem un
SPAD vienbam (7. — 9.agtls). SPAD hlorofilmetrs igrti lietojams. Nav nepiecieSama destiukt
kimiska anake, lai noteiktu absato hlorofila daudzumu,atlejadi hlorofila noteikSana ir daudz

atraka.
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7. at€ls. Korekcija starp absato hlorofila daudzumu uBPADvieribam kontroles variaiat
Laboratorijas izraginajumi/ Figure 7. Correlation between total chlorollayyd SPADmeter
readings for control. Laboratory experiments.
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8. at€ls. Korekcija starp absato hlorofila daudzumu uBPADvieribam DDMn
(mikroelementi) varianat Laboratorijas izréginajumi./ Figure 8. Correlation between total
chlorophyll andSPADmeter readings fddDMn fertiliser (microelements). Laboratory

experiments.
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9. at€ls. Korehcija starp absato hlorofila daudzumu un SPAD vidlam Phosific
(makroelementi) variaat Laboratorijas izr@ginajumi./ Figure 9. Correlation between total
chlorophyll and SPAD meter readings Rinosificfertiliser (macroelements). Laboratory

experiments

Mineralelementiem fotosigzes noris aug ir substiata un regulava funkcija (Marschner,
1999; Reddy, Zhao, 2005; Nelson, Yocum, 2006; Shekatu, Ghildiyal, 2005): lapu
meslojuma eso3ais gpeklis ko@ ar magniju ir pigmentu sasti; slapeklis un 8rs veido
hloroplastu strukiru; shpeklis, fosfors, &s, kalcijs un magnijs ir hloroplastu merabis;
kalijs un bors ietekra vielu transportu, K - afirsriSu sivokli un lidz ar to CQ difaziju aug;
fosfors — ATP sasta, ietekn fotosin€zes gaismas un tumsas reakcijaapeklis, Klijs, vars,
mangins — ietekrd fermentu aktiviiti, elektronu transportu fotoséhas, adens fotaizi 2.
fotosisema. So elementu defits izraisa izmaias elektronu transpartkave NADP reduéSanu.
Masu izngginajumos ar kvieSiem lapu &slojuma sagdva esoSo elementu ietekmestiskumu
uz fotosinEzes pigmentu biosiéiti un asimiicijas procesu norisi augos apstiprina fakts, ka ar
nakamas paaudzes augos ir itk pigmentu daudzumsz lai lielaka ir graudu raza.

306



AGRONOMIJAS \ESTIS (Latvian Journal of Agronomy), No.10, LLU, 20

Vasaras kvieSu graudu raZzajmhta 1. tabul. Veicot raZas datu statistisko apdir
noskaidrots, ka, neskatoties uz egimajuma lauka potenali augsto augbu, lapu maslojums ir
nodroSinjis batiskas razas izmaas.

1. tabula. Vasaras kvieSu 'Jaggraudu raZa/ Table 1. Crop yield of wheat varigfgha'

. N Graudu raza/ Grain yield 1008kiu masa/
Mzslojuma varianti/ 1000 kernel weight
Variants of fertiliser T T o

t ha +tha % g
1. Kontrole / Control 8.43 - 100 40.4
2.DDMn 8.63 0.20 103 40.8
3. Phosific 8.83 0.40 105 43.2
Y0,05=0,17

VarpoSanas akuma #zg, kvieSus miglojot ar mikroelementie®DMn, graudu raza
palielingjusies par 3%, sasniedzot 8.63 t*hdet makroelement®Phosific ietekne — par 5%,
sasniedzot 8.83 t Ha

Lielais nokriiu daudzums augusiesggjams ir veiciajis mineilelementu izskaloSanos
no augsnes un apginajis to uzemsSanu caur augu sakn. Tapec sabalargs lapu naslojums
pozitivi ieteknEjis metabolisma procesu norisi kvieSudaplka an sekngjis sintezto organisko
vielu atpiidi uz generaivajiem orginiem. Rc vairaku autoru doram augstu graudaugu razu ieguv
liela noZme ir visu baibas elementu konceatiju sabalan&ibai, tas ir, vienlaimi visu elementu
optimuma nodroSisanai augam (Rkis, Ramane, 1989; Marschner, 1999; Gilroy, Jones, 2000;
Livmanis u.c., 2003; Stramkale u.c., 2006).

Mikroelementu lapu @slojums latiski nav ietekmgjis 1000 graudu masu. Makroelementu
ietekn® 1000 graudu masa paligjosies par 6.9%. Makroelementi augos ir organisieuv
sasiva, bet mikroelementiem mafigam, cinkam, varam, molilbdam un boram ir kataiskas
funkcijas augos (Rkis, Ramane, 1989; Marschner, 19993pdc masu [Etijuma Phosific
meslojumam ir tieSa ietekme uz graudu masu, DBMn meslojuma ietekme izpauZas netiesi,
ietekngjot metabolisma procesu norisi aug

Secirajumi

Lapu ngslojuma DDMn (mikroelementi) un Phosific (makroelementi) ieteki
fotosinEzes pigmentu daudzums kvieSkir8es ‘Jasna’ lags laboratorijas un lauka
izmgginajumos palielijies par 3—29%, salzinot ar kontroli. Lieika ietekme uz fotosiBres
pigmentu daudzumu ir makroelementu lapesiojumam. Mslojot augus &rpoSanasaze an
nakamas paaudzes kvieSu augos irdled fotosintzes pigmentu daudzums.

Starp SPAD vietham un absaito hlorofila daudzumu kvieSu lap pasiv lineara
korelacija. SPAD hlorofilmetrs igrti lietojams. Nav nepiecieSama destiulitkimiska anate,
lai noteiktu hlorofila daudzumu.

KvieSu graudu raZa lapuasiojuma ietekra palieliras par 3 — 5%.
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