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NIR spektrometrija pagristy precizinio treSimo technologiniy procesu jtaka

Zieminiy kviec¢iy derlingumo rodikliams

Tadas Ziogas, Marius Kazlauskas, Dainius Steponavi€ius, Kestutis Romaneckas,

Dovydas Vaicekauskas, Egidijus Sarauskis

Vytauto DidzZiojo universitetas

Didé¢jancios mineraliniy traSy kainos bei aukStesni aplinkosauginiai reikalavimai skatina naudoti precizines technologijas pagristas NIR (Near
infrared — artima infraraudonoji spinduliuoté) spektrometriniais metodais. Sios technologijos tausoja resursus ir mazina derliaus savikaing. Sio darbo tikslas
buvo atlikti preciziniy trgsimo technologijy analiz¢ ir iStirti precizinés tr¢Simo technologiniy procesy jtaka zieminiy kvieciy derlingumo ir ekonominiams
rodikliams. Eksperimentiniai tyrimai atlikti 2020-2021 m. dviem variantais: kontrolé — tr¢S§imas vienoda norma; precizinis tr¢§imas — treSimas kintama
norma. Nustacius dirvozemio elektrinio laidumo kintamumg laukas suskirstytas j penkias zonas. Tyrimy rezultatais nustatyta, kad taikant precizinj treSima
gautas vidutinikai 103 kg-ha™! arba apytiksliai 1,3 proc. didesnis derlius negu kontroléje. Pritaikius precizinio tre§imo technologija gautas vidutiniskai

11,81 Eur-ha! didesnis pelnas nei tresiant laukg pastovia norma.

Precizinis tresimas, kintama norma, zieminiai kvieciai, NIR spektrometrija.

Jvadas

Precizinio tkininkavimo kontekste tikslusis trgSimas
§iuo metu yra viena i§ sparCiausiai Ukiuose diegiamy
sistemy. Vadovaujantis Salies mokslininky (Steponavicius,
2020) nuomone Sia technologija yra aktyviai domimasi.
Didéja tkiy, norinciy atsisakyti tradicinio treSimo, kuomet
laikoma, kad visas laukas visame savo plote yra vienodas ir
treSiamas vienoda norma. Atliekant tr¢Simg kintama norma
yra vertinamas lauko nevienodumas ir augaly buklé tam,
kad trasas iSberti ir paskleisti lauke biitu galima nevienodai.

Tresti kompleksinémis azoto, fosforo, kalio traSomis
(NPK) yra patogu, taciau dirvoZzemis ne visada gauna
reikiamg kiekj maistiniy medziagy arba ne visais atvejais
tam tikros medZiagos biitinos.

Maistiniy medziagy (fosforo ir kalio) kiekis
dirvozemyje nustatomas atliekant dirvozemio tyrimus.
Tresimai vykdomi sudarius skaitmeninius Zemélapius pagal
gautus dirvozemio tyrimo rezultatus. Azoto poreikis
nustatomas matuojant augaly elektromagnetiniy bangy
atspindzius. Siems matavimams atlikti naudojamas
matomos zalios spalvos spektras (500 nm bangos ilgio
spinduliai) ir NIR spinduliai, kuriy bangos ilgiy spektras yra
750-2500 nm (Nowatzki, 2004).

Prictaisai, nustatantys augaly azoto kiekj, vadinami
azoto jutikliais. Jais nustatomas faktinis azoto kiekis esantis
augale. Zinodami $ig informacija mes galime jvertinti
augalo poreikj ir parinkti tinkama tre§imo normga. Sie
jutikliai gali biiti rankiniai ir mobillis, montuojami ant
traktoriaus (Adamchuk ir kt., 2004). Mobiliais ant
traktoriaus montuojamais jutikliais nustatytas azoto kiekis
vertinamas realiu laiku ir sudaromas skaitmeninis lauko
zemélapis sekanciam tr¢§imui arba duomenys apdorojami ir
esamuoju laiku koreguojama tr¢Simo norma.

JAV 2007 m. buvo atliktas tyrimas, kad tkiams, kurie
taiké azotiniy traSy treSimg kintama norma vidutiniSkai
pavyko sutaupyti nuo 1 iki 22 USD-ha™! (Robertson ir kt.
2012). Panasiis rezultatai buvo gauti ir Prancizijoje,
atlieckant tyrimus laukuose, kuriuose prie§ tai buvo
tikininkauta jprastai, netaikant azoto valdymo sistemos.
Pritaikius Sig sistema bei palyginus rezultatus buvo
pastebéta, kad azotiniy traSy buvo sutaupyta nuo 10% iki

80% skirtingose lauko vietose, nesumazinant derliaus ir jo
kokybés (Diacono ir kt., 2013).

Pilnas precizinés tr¢§imo technologijos iSpildymas
galimas tuomet, kai kalio ir fosforo maistinés medziagos
paskleidZziamos kintama norma, remiantis dirvozemio
tyrimy rezultatais, o augaly vegetacijos metu, pasitelkiant
mobilius azoto kiekio augaluose stebéjimo prietaisus,
vykdomas tresimas kintama norma realiu laiku.

Tyrimy tikslas — istirti NIR spektrometrija pagristy
precizinio treSimo technologiniy procesy jtaka zieminiy
kvie¢iy derlingumo rodikliams.

Tyrimy metodika

Eksperimentiniai tyrimai vykdyti 2020-2021 m.
Panevézio rajono ukininko dkio 22,4 ha lauke
(55°40'30.9"N 24°08'39.9"E). Tyrimy lauko dirvoZzemis
priskiriamas smélingo priemolio ir molingo priesmélio
tipui. Zieminiai kvieciai ,,Skagen* paséti rugséjo 15 d. Sé¢ja
vykdyta tiesioginés séjos s¢jamaja ,,HORSCH Avatar 6.16
SD*, kurios tarpueiliy plotis 16,7 cm.

Eksperimentiniai tyrimai atlikti dviem variantais:
kontrolé — trgSimas vienoda norma; precizinis treSimas —
treSimas kintama norma. Kiekvieno varianto tyrimai atlikti
keturiais pakartojimais. Vieno pakartojimo plotis buvo 36 m
ir atitiko technologiniy juosty tresimo plot;.

Siekiant jvertinti tr¢Simo technologijos efektyvuma,
priklausant] nuo dirvozemio savybiy kitimo, lauke buvo
atlikti dirvozemio elektrinio laidumo matavimai. Matavimai
atlikti su dirvozemio elektrinio laidumo matuokliu ,,EM38—
MK2*“. Elektrinis laidumas iSmatuotas darant 24 m tarpus
tarp vaziavimy. Atlikus elektrinio laidumo matavimus
laukas buvo suskirstytas j penkias lauko valdymo zonas:
MZ1 - 28,6 mSm'; MZ2 - 273 mS'm’'!; MZ3 -
25,7 mS'm'; MZ4 — 242 mS'm’!; MZ5 — 22,6 mS-m".

Tyrimy lauko dirvoZemio méginiy émimo Zemélapis
buvo padalintas j septynis plotelius, vidutiniskai po 3 ha. I§
kiekvieno plotelio, taikant Z raidés formos meéginiy
paémimo trajektorija, buvo paimama nuo 12 iki 22 méginiy,
i§ 20-30 cm gylio (Guo ir kt., 2018). Remiantis akredi-
tuotoje laboratorijoje gautais pH ir maistiniy medziagy,
tokiy kaip magnio (Mg), kalio (K) ir fosforo (P), tyrimy
rezultatais sudaryti maistiniy medziagy (K ir P) kintamos
trg§imo normos Zemélapiai.
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Tresimai mineralinémis granuliuotomis traSomis atlikti
su iScentrine mineraliniy trasy barstomaja ,,Rauch Axis
H50.2. Skystos trasos laistytos savaeigiu ,,Horsch Leeb*
purkstuvu. Azoto kiekis augaluose matuotas mobiliu ant
traktoriaus montuojamu ,,Yara N—Sensor* prietaisu.

Bandymy lauke 60 viety i§ 1,0 m ilgio eiluc¢iy buvo
imami zieminiy kvieCiy méginiai augaly krimijimosi ir
derlingumo rodikliams nustatyti. Kvieciy grudai i§ varpy
iSkulti naudojant laboratorinj ,,Wintersteiger LD350%
kombaing. Derlius pasvertas laboratorinémis ,,Kern KB*
svarstyklémis, kvie¢iy grudy baltymingumas nustatytas
rankiniu ,,GrainSense® analizatoriumi (1 pav.).

1 pav. Javy derliaus kiilimo masina ir griidy kokybés nustatymo jranga:
1 — laboratorinis kombainas ,,Wintersteiger LD350°; 2
analizatorius “GrainSense”

— rankinis griidy

Fig. 1. Grain threshing machine and quality measuring equipment: 1 —
laboratory grain threshing machine "Wintersteiger LD350"; 2 — handheld
grain analyzer “GrainSense”

Ekonominis precizinés treSimo technologijos verti-
nimas atliktas lyginant vieno hektaro derliaus pelng tarp
kontrolés ir precizinio tresimo. Siekiant jvertinti kintamos
treSimo normos jtaka i§ pelno atimamos sanaudos uz trasas.
Kviegiy kaing priimame 240 Eur-t!, naudoty trgdy kainos:
P,0s — 0,8 Eur-kg!; K»O — 0,53 Eurkg™!; N - 0,7 Eurkg™.

Gauty duomeny iméiy vidurkiams palyginti naudo-
jamas dispersinés analizés ANOVA (angl. Analysis of
Variance) ir T testas, kuriame stjudento kriterijumi t
jvertinami imciy tariai (bandymy pakartojimy skaicius) ir
bandymy pakartojimy sklaida. Gauty duomeny patikimu-
mas jvertinamas esant 95% pasikliauties intervalui. Ta pacia
raide Zymimi stulpeliai tarp kuriy statistiskai patikimo
skirtumo néra.

Rezultatai ir aptarimas

Preciziné¢ technologija pirmiausia pradéta taikyti
remiantis gautais dirvozemio tyrimais ir sudarant skait-
meninius kalio ir fosforo (2 pav.) treSimo Zemélapius.

Kontroliniame variante K,O trasos paskleistos
90 kg-ha'!, O P,Os tragdos — 75 kg-ha™! norma. Precizinio
trgSimo variante paskleisty tragSy norma svyravo tarp
2 paveiksle pateikty minimaliy ir maksimaliy verciy.

Atliekant tr¢Simus azotinémis trgSomis per visg kvieéiy
vegetacijos laikotarpj atlikti keturi treSimai (1 — KAS32
+TIO10 (40,3% N); 2 — amonio sulfatas NS 21-24; 3 —
amonio salietra; 4 — KAS32 +TIO10 (40,3% N).
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2 pav. Skaitmeniniai kintamos tr¢§imo normos kalio (K,O) ir fosforo
P,0s) Zemélapiai: 1 — KO tre§imo Zemélapis (min — 66 kg-ha™!; maks. —
120 kg-ha'; vidurkis — 90 kg-ha™'); 2 — P,Os tre§imo zemélapis (min — 36

kg-ha''; maks. — 125 kg-ha''; vidurkis — 75 kg-ha™')

Fig. 2. Digital potassium (K,0) and phosphorus (P,Os) maps of variable
rate fertilization: 1 — K,O fertilization map (min — 66 kg-ha™'; max. —
120 kg-ha''; average — 90 kg-ha™); 2 — P0s fertilization map
(min — 36 kg-ha''; max. — 125 kg-ha''; average — 75 kg-ha™)

Naudojant ,,Yara N—Sensor* buvo nustatytas kvieCiy
azoto poreikis ir realiu laiku pritaikyta kintama tr¢Simo
norma. Visy keturiy tr¢S§imy pritaikyty normy vidurkiai ir
minimalios bei maksimalios vertés pateiktos 1 lenteléje.

1 lentelé. Tr¢Simy kintama norma azotinémis traSomis vidurkiai ir
maksimalios — minimalios vertés

Table 1. Averages and maximum and minimum values of variable rate
nitrogen fertilization

gerftsﬁ?zlztgﬁ Min, kg'N-ha! | Maks, kg-N-ha! | Vidurkis, kg-N-ha™!
no Min, kg-N-ha! | Max, kg'N-ha' | Average, kg-N-ha™!
1 35 64 48
2 25 50 33
3 25 65 48
4 20 80 47
Suma 105 259 176
Sum

Lauke rudenj atlickant augaly stieby skaiiavimus
nustatytas kriimijimosi koeficientas kontrolés ir kintamos
trgSimo normos variantuose. Kriimijimosi koeficiento
vidurkis kontrolés variante buvo 2,37, o precizinio tr¢simo
variante 2,50. Taikant precizinj tr¢S§imag gautas 5,5 %
didesnis kriimijimosi koeficientas. Kriimijimosi koeficiento
kitimo skirtinguose lauko valdymo zonose rezultatai
pateikti 3 paveiksle.

Ttest (A): Ry 5=0,30
Ttest (B): Ry0s=0, 18
2.39

35
LaLLko Z0Nnos pagal elektrmg laldumq

2 54
| I I
Field management zones by electrical conductivity

mKontrolé/ Control ™ Precizinis tresimas/ Precision fertilization

257 ab

Krumijimosi koeficientas
Ti]iering Co?_ﬂ’irient

3 pav. Kriimijimosi koeficientas skirtinguose lauko valdymo zonose
Fig. 3. Tillering coefficient in different field management zones

Kontroliniame variante esminis krimijimosi skirtumas
buvo tarp ketvirtos ir penktos zonos, kuomet 4 zonoje
koeficientas buvo 0,35 karto mazesnis, lyginant su 5 zona.
Tarp kity zony esminiy skirtumy nebuvo nustatyta.
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Pritaikius precizinj tr¢§ima, esminis skirtumas taip pat buvo
tarp ty paciy MZ4 ir MZ5.

Zieminiy kvie¢iy derlius apskaiGiuotas remiantis
laboratorijoje atliktais tyrimais. Pirmiausia jvertintas
kvieciy derlingumo skirtumas tarp kontrolinio ir precizinio
trgSimo  varianty. Kontroliniame variante  vidutinis
derlingumas buvo 7782 kg-ha™!, o precizinio tre§imo — 7885
kg-hal. Taikant precizinj treSimg buvo gautas 1,32%
didesnis derlius. Derlingumo pasiskirstymas tarp varianty ir
zony pateiktas 4 paveiksle.

Ttest (4): Ry p5=609 kg-ha'!
T zasr (B): Ry =845 kg-ha'!
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Field management zones by electrical conductivity
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4 pav. Zieminiy kvie¢iy derlingumas skirtingose lauko valdymo zonose
Fig. 4. Winter wheat yield in different field management zones

Didziausias kvie¢iy derlingumas (8876 kg-ha') buvo
uzfiksuotas MZ4 zonoje, kur dirvozemio elektrinis laidumas
buvo 24,2 mS-m™'. MaZiausias derlingumas buvo nustatytas
MZ5 zonoje, kurioje vyravo lengvas molingo priesmélio
dirvozemis. Si zona tiek kontroliniame variante, tiek ir
precizinio tre§imo variante turéjo esminius skirtumus lyginant
su kitomis zonomis. I$siskyré ir MZ2 zona, kadangi joje
netaikant precizinio tre§imo buvo gautas 875 kg-ha™! didesnis
derlius. Tam jtakos galéjo turéti treSimas kintama norma,
kadangi toje zonoje buvo pakankamas azoto kiekis augaluose
ir kintamo tr¢S§imo variante buvo pritaikyta minimali azotiniy
traSy treSimo norma. Taikant precizinj treSimg tarp MZ1, MZ3
ir MZ4 statistiSkai esminiy skirtumy nebuvo nustatyta. Tai
lémé precizinio treSimo technologija, kadangi pritaikius
skirtingas azotiniy tragsy normas buvo padidintas pirmos zonos
produktyvumas ir suvienodintas lauko derlingumas.

Atliekant paimty meéginiy analizg ir suskai€iavus varpy
skai¢iy méginiuose, nustatyta, kad taikant precizinj tr¢S§ima
buvo gauta 35 varpomis daugiau negu kontroliniame
variante. Varpy skai¢iaus pasiskirstymas skirtingose zonose
pateiktas 5 paveiksle.

T test (4): Ry 05=40.0 vot-m?

800 T test (B): Rys=56.1 vat-m?
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5 pav. Varpy skaicius skirtingose lauko valdymo zonose
Fig. 5. Wheat head count in different field management zones
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Esminis skirtumas buvo matomas precizinio tr¢s§imo
varianto MZ1 zonoje, kurioje buvo rasta 198 varpomis
daugiau nei kontroliniame variante. Kontroliniame variante,
MZ5 zonoje, varpy skaiCius statistiSkai taip pat buvo
panasus kaip ir MZ1 zonoje. Penktos zonos rezultatus galéjo
lemti smélingas dirvoZzemis ir drégmeés stygius. Sioje zonoje
pastovia tre§imo norma buvo i§ viso patreta 190 kg-N-ha!
azoto, kai tuo tarpu taikant precizinj tr¢Sima toje zonoje
buvo patresta apie 250 kg-ha! gryno azoto.

Nuémus zieminiy kvieCiy derliy ir atlikus grady
kokybés rodikliy analiz¢ buvo nustatytas kiekvieno méginio
gridy baltymingumas. Lyginant kontrolinio ir precizinio
trgSimo variantus nustatyta, kad kontroliniame variante
uzauginti kvieciai turéjo 0,12% daugiau baltymy nei
kvieciai, uzauginti pagal precizinio tr¢Simo technologija.
Kvieciy baltymy kitimas priklausomai nuo lauko
dirvozemio zony pateiktas 6 paveiksle.

Ttest (4): Ry p5=0.69 %
Ttest (B): Ry s=0.72 %
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6 pav. Zieminiy kvie¢iy baltymingumas skirtingose MZ
Fig. 6. Protein percentage of winter wheat in different MZ

Kontroliniame variante, nepaisant dirvozemio savybiy
skirtumo, tarp MZ1 ir MZ5 esminio baltymingumo
skirtumo nebuvo. Taikant precizing technologija tarp MZ1
ir MZ5 esminis skirtumas yra. MZ5 kuriame buvo
didziausias baltymingumas (18,55%) su visomis MZ
zonomis turéjo esminj skirtumg. Nors didesné azotiniy trasy
norma ir nedavé didesnio derliaus, tac¢iau MZ5 zonoje
baltymingumas buvo 2,33% didesnis negu kontroliniame
variante.

Skirtingy treSimo technologijy pajamy vertinimo
rodikliai, kuomet jvertinamos tik su treSimu susijusios
sanaudos, pateikti 2 lentelé.

2 lentelé. Pajamos uz zieminius kviecius jvertinus tik ilaidas traSoms
Table 2. Income from whinter wheat, estimating only the cost of

fertililizer
Pajamos, Pajamos, tr¢Simas Paiam
Pakartojim kontrolé kintama norma ajamy
. . skirtumas, %.
ai Income, Income, variable Income
Repetitions control, rate fertilization . o
(Eur-ha’!) (Eur-ha’) difference, %.
1 1446,68 1580,03 9,2
2 1365,87 1336,23 -2,2
3 1739,26 1596,54 -8,2
4 1727,05 1813,33 5,0
Vidurkis 1569,72 1581,53 100,8
Average
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Sis vertinimas parod¢, kad precizinés tregimo technolo- 5. Pritaikius precizinio trg§imo technologija gautos
gijos taikymas lauke, kuriame pakankamai skirtingos  vidutini$kai 11,82 Eur-ha™' didesnés pajamos nei tresiant
dirvozemio savybés, pajamas uz zieminius kvieius  laukg pastovia norma.
padidino 0,8% arba apie 11.81 Eur-ha’'!, lyginant su
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Tadas Ziogas, Marius Kazlauskas, Dainius Steponavi¢ius, Kestutis Romaneckas, Dovydas Vaicekauskas, Egidijus Sarauskis
Influence of NIR Spectrometry-Based Precision Fertilization Technological Processes on Winter Wheat Yield Indicators
Summary

Rising prices for mineral fertilizers and higher environmental requirements encourage the use of precision technologies based on NIR (Near infrared)
spectrometric methods. These technologies save resources and reduces the cost of harvesting. The aim of this work was to perform an analysis of precision
fertilization technologies and to investigate the influence of precision fertilization technological processes on winter wheat yield and economic indicators.
Experimental research was made in 2020 — 2021 and two cases where compared: control — fertilization at the same rate; precision fertilization — variable
rate fertilization. After determination the variability of soil electrical conductivity, the field was divided into five management zones. The results of the
research showed that the application of precision fertilization had bigger yield, on average 103 kg-ha™ or approximately 1,3 % higher yield than control.
The application of precision fertilization technology resulted in an average income of 11.81 Eur-ha™! higher than the application of the field at a constant
rate.

Precision fertilization, variable rate, winter wheat, NIR spectrometry.
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Fusarium head blight (FHB) is a fungal disease that affects a variety of cereals. FHB is most commonly caused by the fungal pathogen Fusarium
graminearum. FHB infected crops can develop a wide variety of mycotoxins, which are very dangerous to humans and animals. FHB is currently being
controlled by chemical fungicides, which are very dangerous for the environment and are only effective under certain conditions. Resistant varieties and
well-chosen agricultural technologies can help reduce the prevalence of FHB in plants. However, at present there are no fully resistant varieties. The article
analyses the possible ways to identify FHB infected areas in winter wheat and barley crops and how this data can be used to map field infestation. For the
detection of FHB is used field scanning and analysis of the multispectral or hyperspectral data results on field contamination. According exact field locations
affected by FHB, harvesting trajectories can be designed to distinguish between completely uninfected, minimally infected, and heavily infected plants.
According to this, the harvest can later be sorted into top quality, medium and low quality.

Fusarium, FHB, wheat, barley, yield, plant disease

Introduction

Due to the widespread incidence of Fusarium head
blight (FHB) in plants, yield losses in various parts of the
world are as high as 70% in some extreme cases. Fusariosis
is becoming a major wheat disease in North America,
leading to a significant decline in productivity (Cuperlovic-
Culf et al., 2016). However, the highest risk is caused by
mycotoxins produced by FHB, which has negative influence
on food safety. Mycotoxins reduce seed germination and
cause disease symptoms if it is used for animal feed
(GeiBinger et al., 2021). Fusarium disease affects crops
around the world, including Northern Europe, North and
South America, Canada, Australia, and Asia. However, the
prevalence of FHB-induced diseases is not uniform. In
Australia, for example, conditions are not conducive to the
spread of fusariosis due to the country’s high temperatures
and high humidity.

In 2018-2019 barley was grown in the world in area of
49.5 million ha, and the yield was 140.6 million tons.
However, the high incidence of FHB can lead to significant
economic losses (GeiBlinger et al., 2021). The economic
impact of FHB was evaluated by Wilson et al. (2017), who
developed models to reduce wheat production losses due to
FHB. The results showed that in 2015-2016 total FHB
losses worldwide amounted to approximately 1.47 million
dollars. The most noticeable effect of FHB was a decrease
in grain kernel weight that reduced total yield (Bellesi et al.,
2019; Wilson et al., 2017).

Therefore, there is a great need in the world for new,
more resistant varieties of wheat and barley, as well as new,
less toxic fungicides. To achieve these goals, it is also
important to develop methods for the rapid and inexpensive
detection of reduced resistance of wheat and early detection
of infection in crops to allow targeted plant protection
planning (Cuperlovic-Culf et al., 2016).

Wheat and barley are sorted into completely uninfected,
minimally infected and highly contaminated grains
according to their quality. Completely uninfected or under
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legal limits grains are used in the food industry. In recent
years, the food industry has focused on developing new
products to attract customers (Yuksel and Kayacier, 2016).
The use of minimally infected barley in animal feed is
increasing every year. After the barley is harvested, soft
straw remains, which is also used as cattle litter and as
fodder. However, only slightly contaminated cereals could
be used in feed. Grains can be contaminated with
mycotoxins, which are low molecular weight secondary
fungal metabolism products produced mainly by
Aspergillus, Penicillium and Fusarium species. They may
cause effects in humans and animals when ingested or
inhaled. High exposure to mycotoxins through
contaminated feed is one of the main risk factors for
ruminant health. Trichothecenes produced by Fusarium
species alter the immune activity of cattle. This toxin is a
potent inhibitor of eukaryotic protein biosynthesis, causing
vomiting, diarrhea, anemia, and starvation of cattle (Palacio
et al., 2016).

Highly contaminated cereal grains, such as winter
wheat, are used to produce biofuels. Biofuels are important
because they replace petroleum fuels. The use of biofuels
benefits the environment, the economy and consumers. In
addition to energy benefits, the development of biofuels
stimulates the economies of the regions in which bioenergy
crops are grown. The EU ranks third in the world for biofuel
production, only behind Brazil and the USA (Balat, 2010).

The aim of this work was to analyse the methods of
detecting fusariosis in the crop, the damage to the crop yield
and the ways to improve the quality of the yield.

Methods for detection of fusariosis in crops

Practice of physically walking the field by an expert, to
identify FHB spreading in the crop is time consuming,
requires specialist, therefore novel techniques are being
developed. In this article three methods for the detection of
fusariosis are reviewed. Whetton et al. (2018) conducted a
study using a spectrographic sensor to measure wheat and
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barley diseases spread in the field and to construct a field
map based on the severity in the specific sites of the field.
Optical technologies to identify crop infestation can be
integrated into agricultural vehicles, thus facilitating the
identification of problematic areas in the field. This could
be done by attaching the sensors and all the necessary
equipment to a metal frame attached to the tractor.

After scanning the field, photographs are made in which
the images of the crop are covered with a 100-point grid at
equal distances. At the center of each point, a crop health
condition was recorded, which was used to calculate the
percentage of infestation or the overall incidence of disease
in the field (Whetton et al. 2018).

Drones have recently become particularly popular in
precision agriculture due to their versatility. Images of low-
flying unmanned aerial vehicles are, in many cases, accurate
enough to inspect individual plants, which cannot be done
with satellites (Tenhunen et al., 2019). The drones are
divided into two categories: drones with fixed wings and
drones with rotating wings (Ayamga et al., 2021). Drones
are commonly used to obtain images and sensor data from
fields that cannot be reached quickly or easily by foot or by
vehicles (Ayamga et al., 2021). In drones, the navigation
and air traffic control system is constantly being developed
and improved, and the images with extremely high spatial
resolution provide excellent opportunities for data solutions
to monitor the crop development process (Panday et al.,
2020).

More and more satellite data are available to monitor
crop condition during the season. For example, satellite
imagery from Sentinel-2 satellites is provided by the
European Space Agency (ESA) (Huuskonen and Oksanen,
2018). However, low-resolution images obtained from
satellites allow to estimate only the average crop color over
an area of a few square meters (Rasti et al., 2021).

Qiu et al., (2019) focused on developing a method for
colored image processing of wheat ears to accurately detect
FHB infected sites using image processing techniques to
develop a reliable and cost-effective system for determining
the features of wheat in the field. Based on the results of the
detection of damaged ears, a new feature with colors was
applied to obtain an image of each ear to help detect
diseased parts of it (Qiu et al., 2019).

FHB pathogens infect inflorescences of wheat ears.
They destroy the tissue, altering the amount of chlorophyll
and water as well as the structure of the grain. Thus, the
optical properties of infected inflorescences are different
from those of healthy ones. Changes in inflorescences are
detected by methods such as hyperspectral and color
imaging (Qiu et al., 2019). The wheat detection platform has
been improved manually to capture images of wheat. A
camera with a large field of view was installed on the
platform, so the entire wheat field was captured in each
image. In addition, a shelter was designed to provide
uniform illumination of the object (Qiu et al., 2019).

Fusariosis causes damage to crop quality

Fusariosis has been shown to be a devastating disease
with major economic implications for wheat and barley
production. Although the disease is prevalent in most grain-
growing regions of the world, it has been found to be very
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difficult to control. Yields may decline during an
infestation, but the greatest effects of FHB are due to
reduced grain quality and the presence of mycotoxins. Even
whilst low levels of mycotoxins in grain are not suitable for
human or animal consumption (Fernando et al., 2021), there
is mycotoxin contamination in human food and animal feed,
because there are legal maximum limits allowed.
Nevertheless, it may cause negative health implications in
humans and animals.

Wheat FHB is one of the most important wheat diseases
causing quantitative and qualitative losses. Symptoms of
FHB infections are usually primary bleaching of the entire
ear or several seeds, and a reddish fungus, and spores on the
infected ears. There are also slower grain development and
wrinkled, light weight grains (Birr et al., 2020). Infected
grains lead to loss of yield and reduced germination of
harvested grains. In addition, baking quality is negatively
affected by reduced starch content and degradation of
different protein fractions (Birr et al., 2020).

Conversely, in barley the infection is not always easily
observed in the field. Infected grains may turn brown or
visually appear as if the kernels are soaked in water. Infected
barley kernels have a brown color similar to that caused by
other kernel-destroying organisms (Nakajima, 2010).

Measures to improve crop quality

Mielniczuk and Skwarylo-Bednarz (2020) argue that
the use of various methods to limit the development of
Fusarium disease and mycotoxin contamination of grains
before and after harvest is an important element of
sustainable agriculture and safe food production. In
agriculture, various strategies to improve yields are
currently being used to reduce the spread of fusariosis, using
chemical and non-chemical, agronomic, physical and
biological methods, which includes use of appropriate
fungicides, biological preparations, soil management and
crop rotations.

Biological methods occupy a special place in the field
of plant protection as an element of biocontrol of fungal
pathogens, inhibiting their development and reducing the
amount of mycotoxins in cereals. Good agricultural practice
is the most effective way to control the contamination of
cereals with Fusarium toxins. However, fluctuations in
weather conditions can significantly reduce the
effectiveness of plant protection methods against fusariosis
and mycotoxin accumulation in grains (Mielniczuk and
Skwarylo-Bednarz, 2020). Fusariosis fungi infect cereal
ears at different periods, but the most sensitive cereals to the
infection with these fungi are during the flowering period
and immediately after flowering, especially in warm and
humid weather. Symptoms of the disease on the infected ear
are seen during the milky ripening of cereals or at the
beginning of waxy ripening (Mielniczuk and Skwarylo-
Bednarz, 2020).

Wheat must be harvested as soon as possible to reduce
the growth and spread of the fungus in favorable weather
conditions. One way to reduce the amount of contaminated
grain during harvesting is to use in the combine different
harvesting configurations with different fan speeds and
valve openings to change the speed and volume of air
supplied through the system. The fan mechanically blows
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out the grains damaged by fusariosis at harvest because they
are lighter in weight. Removal of FHB-damaged grains
reduces the yield of harvested grains, but improves storage
conditions and grain quality which helps to recoup
economic losses (Cheli et al., 2017; Wegulo et al., 2015).

Due to the spatial heterogeneity in the field caused by
the unevenness of the topography and the microclimate,
some parts of the field may be more strongly affected by
FHB than others. These areas should be harvested separately
and the harvested grain kept away from the rest of the non-
contaminated grain. This would improve the overall quality
and reduce mycotoxin contamination of the sellable grain.
To prevent the development of fungi in the storage, grains
should be harvested and stored at a moisture content of
13.5% or less (Wegulo et al., 2015). Harvesting early can
reduce spread an intensity of FHB, but in this case very
important role has artificial grain drying.

The combine harvesting process is the main commonly
used method of harvesting cereals. At harvest, all threshed
grains, regardless of their quality, are placed in a single
grain hopper. However, the quality of the crop in the field
varies, which may be affected by soil fertility, moisture or
nutrients in the soil and spread of pests. Czechlowski and
Wojciechowski (2013) conducted a study during which
modified ‘Claas Lexion 480’ combine. In it grain hopper
was divided into two parts and installed a grain quality
device, a spectrometer and valves to control the grain flow
according to the grain quality. In order to prevent the
separated grain fractions from mixing again, a partition wall
was installed in the grain tank, forming two independent
grain tank chambers. In addition, independent unloading of
both chambers was constructed. In this way, the harvesters
can harvest consistently and the quality-evaluating
equipment divides the grain into separate hoppers. The
researchers performed a grain scan and protein
determination before distributing the grain to individual
hoppers. Such a selective harvesting method could possibly
be applied to reduce amount of grains contaminated by
mycotoxins by identifying grains damaged by Fusarium.

Conclusions

1. Several methods are known for detecting Fusarium
in the field, i.e., using spectral sensors that can be mounted
in a special frame or using a detection platform that
incorporates sensors that scan infected areas of the field.
Drones can also be used to identify contamination in fields
that are not easily accessible by foot or by vehicles and
satellites.

2. Wheat grains infected with Fusarium may be
wrinkled, small, pink, reddish-orange or dark brown.
Damaged grain kernels are not suitable for milling, baking
or malting. Decreases the harvest and also the quality. The
quality parameters of cereals contaminated with toxins
deteriorate, and additional problems arise for processors and
exporters.

3. Various yield improvement strategies are used to
reduce the risk of fusariosis: applied chemical, non-
chemical, agronomic, physical and biological methods.
Also, during harvesting, the harvesters can use different fan
speeds in the hopper, which change the air speed thus
blowing out the grain damaged by the fusariosis. Also, one
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of the researchers' recommendations for harvesting is to
harvest parts of the field that are damaged by Fusarium
separately from uninfected areas of the field.
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Sumaniis sprendimai selektyviam javy derliaus nuémimui pagal mikotoksiny kiekj
Santrauka

Fuzariozé (FHB — Fusarium head blight) yra grybelin¢ liga, pazeidzianti jvairius grudinius augalus. FHB daZniausiai sukelia grybelinis patogenas
Fusarium graminearum. Dél FHB uzkréstame pasélyje gali idsivystyti daug jvairiy mikotoksiny, kurie yra labai pavojingi zmonéms ir gyviinams. Siuo
metu su FHB yra kovojama aplinkai labai pavojingais cheminiais fungicidais, kurie yra veiksmingi tik naudojant tam tikromis salygomis. Atsparesnés
veislés ir tinkamai parinkti zemés tikio technologiniai procesai gali padéti sumazinti FHB paplitima augaluose. Taciau §iuo metu nei viena veislé néra
visiskai atspari. Straipsnyje analizuojama, kokie galimi budai nustatyti fuzarioze uzkréstas vietas zieminiy kvieciy ir mieziy pasélyje ir kaip pagal Sivos
duomenis galima sudaryti lauko uzkréstumo zemelapius. FHB nustatymui dazniausia naudojami metodai yra lauko skenavimas ir gauty daugiaspektriniy
arba hiperspektriniy lauko uzkréstumo duomeny analizavimas. Zinant tikslias FHB paveiktas lauko vietas galima projektuoti derliaus nuémimo
trajektorijas, kad buty atskiriami visai neuzkrésti, minimaliai uzkrésti ir stipriai uzkrésti augalai. Pagal tai véliau galima derliy suskirstyti j auksciausios,
vidutinés ir Zemos kokybés.

Fuzariozé, FHB, kvieciai, mieziai, derliaus nuémimas, augaly liga
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Precizinés ir tradicinés séjos technologiniu procesuy jtaka Zieminiu kvieciuy

derlingumo ir ekonominiams rodikliams

Dovydas Vaicekauskas, Marius Kazlauskas, Dainius Steponavicius, Kestutis Romaneckas,
Vilma Naujokiené, Indré Bruciené, Tadas Ziogas, Egidijus Sarauskis

Vytauto Didziojo universitetas

Keigiantis supratimui apie Zemés tkio technologijas ir Europos Sajungoje sickiant jgyvendinti Zaliojo kurso nuostatas, iikininkai vis stipriau
persiorientuoja | tiksligsias zemdirbystés technologijas. Viena i$ $iy technologijy yra preciziné s¢ja, kuri atlickama pagal dirvozemio elektrinj laiduma,
susieta su granuliometrine dirvozemio sudétimi. Iki Siol daugiausia tyrimy yra atlikta taikant precizing séjos technologija s¢jant kukuriizus, o Sios
technologijos pritaikymas s¢jant zieminius kviecius yra dar mazai istirtas. Lietuvoje zieminiai kvie¢iai — dominuojantis augalas, todél precizinés s¢jos
pritaikymas leisty padidinti javy auginimo efektyvuma. Sio tyrimo tikslas istirti precizinés s¢jos technologijos panaudojima Zieminiy kvietiy séjai ir
palyginti su tradicine zieminiy kvieciy s¢jos technologija. Atlikus tyrima pagal dirvozemio elektrinj laiduma buvo parinktos penkios skirtingos zieminiy
kviegiy (,,Skagen®) séjos normos: 146; 153; 180; 197; 214 kg-ha™'. S¢ja tiesioginés séjos séjamaja ,,Horsch Avatar 6.16 SD*, kuri turi galimybe séti pagal
s¢jos zemelapj. Nuémus derliy nustatyta, kad taikant precizinj zieminiy kvieciy séjos technologinj procesa buvo pasiektas 3,27 % didesnis zieminiy kvieciy
derlius, lyginant su tradicine sé¢ja vienoda norma. Preciziné zieminiy kvieciy séjos technologija buvo vidutiniskai 3,95% pelningesné nei tradiciné sé¢jos

technologija.

Preciziné séja, kintama séjos norma, Zieminiai kvieciai, dirvozemio valdymo zonos, elektrinis laidumas

Ivadas

Siekiant optimizuoti sékly sanaudas ir prisitaikyti prie
lauko kintamumo, dirvozemio tipo, dirvoZzemio struktiiros
skirtumy ir pan. bei iSlaikyti augalininkystés pelninguma,
Sivolaikiniame Zemés ikyje jau pradedamos diegti
precizinés séjos arba kintamos normos s¢jos technologijos.

Sékly sudygimas, paséliy vystymasis ir derliaus
potencialas jvairiose lauko vietose gali buti skirtingas, todél
preciziné séja yra biidas, leidziantis sékly kiekius susieti su
konkrecia vieta, taip siekiant padidinti augaly derliy ir gamybos
efektyvuma (Fulton, 2019; Sarauskis ir kt., 2022). Precizinés
séjos normos kintamumas dazniausiai nustatomas remiantis
dirvoZzemio elektrinio laidumo matavimais, kurie glaudziai
susieti su dirvoZzemio drégmés poky¢iais ir granuliometrine
dirvozemio sudétimi (Griffin ir kt., 2013).

Lietuvoje daugiausiai auginama zieminiy kvieciy
(Lietuvos statistika, 2022), todél precizinés s¢jos
technologijos pritaikymas Siems augalams Lietuvos tikiuose
yra labai aktualus.

Tyrimy tikslas — eksperimentiniais tyrimais iStirti ir
nustatyti tradicings ir precizinés séjos technologiniy procesy
jtaka Zieminiy kvie¢iy derlingumo ir ekonominiams
rodikliams.

Tyrimy metodika

Tyrimai atlikti 2020-2021 m. Panevézio r. Naujamiecio
sen. tkininko iikyje. Tyrimy lauko koordinatés (55.674734,
24.145607), lauko plotas 22,4 ha.

Pries atliekant precizinés séjos technologijos tyrima,
2020 m. rugpjucio 11 d. tiriamajame lauke buvo atliktas
dirvozemio elektrinio laidumo nustatymas. Dirvozemio
elektrinis laidumas buvo nustatytas naudojant ,,EM38 —
MK* jrenginj, ji traukiant dirvos pavirSiumi kas 24 m tarp
gretimy vaziavimy. Dirvozemio elektrinis laidumas buvo
skenuojamas nuo 0 iki 1,5 metro gylio sluoksnyje.

Atlikus dirvozemio elektrinio laidumo matavimus ir
nusta¢ius dirvozemio elektrinio laidumo vertes, visas
tiriamasis laukas buvo suskirstytas 5 skirtingas dirvozemio
valdymo zonas (MZ), nuo maziausio iki didziausio
elektrinio laidumo. Kadangi laidumas gerai siejasi su
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dirvozemio granuliometrine sudétimi, tai sudarant séjos
zemélap] buvo pasirinkta remtis molio dalelio kiekiu
esanciu dirvozemyje, nes molio daleliy kiekis gerai atspindi
dirvozemio produktyvumo savybes (Grisso ir kt., 2009).
2020 m. rugséjo 16 d. buvo atlikta Zieminiy kvieciy séja
dviem variantais, fiksuota s¢jos norma (kontrolé) ir kintama
séjos norma pagal s¢jos Zemélapj (preciziné s¢ja), keturiais
pakartojimais. Vieno pakartojimo plotis buvo 36 m. Buvo
sé¢jami ,,Skagen* veislés zieminiai kvieciai, kuriy 1000
grudy mase 44,8 g, daigumas 95%. Kontrolin¢je tradicinés
séjos technologijoje séjos norma buvo 180 kg ha’l, o
precizinéje séjos technologijoje séjos norma varijavo nuo
146 iki 214 kgha'!. Abejose technologijose buvo
naudojama ta pati 6 m darbinio plocio tiesioginés s¢jos
séjamoji ,,Horsch Avatar 6.16SD” (Vokietija), kurios s¢jos
noragéliai iSdéstyti 16,7 cm tarpueiliais, s¢jos gylis 3 cm.
2021 m. liepos 27 d. buvo paimti augaly méginiai
derlingumo rodikliams nustatyti. Méginiai paimti i§pjaunant
zieminius kviecius peiliu i§ 1,0 m ilgio eilutés. IS viso
paimta 60 méginiy, po 5 iS kiekvieno varianto pakartojimo,
atsizvelgiant | dirvoZzemio elektrinio laidumo zonas. I§
surinkty méginiy buvo nustatytas ir apskai¢iuotas varpy
skai¢ius kvadratiniame metre, griidy skaicius varpoje, 1000
gridy mase, teorinis kvieciy derlingumas i§ vieno hektaro.
Derlingumui nustatyti zieminiy kvieiy méginiai buvo
iSkulti laboratoriniu kiillimo jrenginiu ,,Wintersteiger LD
350” (Austrija) (1 pav. a) ir pasverti laboratorinémis
svarstyklémis ,,Kern KB 3600 — 2N”’(Vokietija).

1 pav. Kiilimo jrenginiai: a — laboratorinis kiilimo jrenginys
»Wintersteiger LD 350°; b — savaeigis javy kombainas ,,Case IH 9230
Axial Flow*

Fig 1. Threshing equipment: a — laboratory thresher “Wintersteiger LD
350"; b — combine harvester “Case IH 9230 Axial Flow”
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Eksperimentinio tyrimo duomenis suvesti i ,,MS Excel*
programg ir apdoroti naudojant vieno faktoriaus ,,ANOVA*
funkcija. Duomenys apskaifiuoti parenkant maziausia
reik§mingumo skirtumg (p <0,05) naudojant Sjudento T —
testa. 3—6 paveiksluose stulpeliai pazyméti tg pacia raide
neturi esminio skirtumo. Briikk$neliy ilgis stulpeliy virSuje
reiskia vidurkio standarting paklaida.

Ekonominis precizinés technologijos vertinimas
atliktas nustatant Sios technologijos salyginj pelno skirtuma,
lyginant su kontrolés variantu. Salyginis sé€jos technologijy
pelnas, nejvertinus kity iSlaidy, apskaiciuotas pagal tokia
iSraiska:

Salyginis pelnas = Pajamos - (séklos kaina + tresimo islaidos +

augaly apsaugos priemonés)

Pajamoms uz parduotg derliy apskai¢iuoti buvo priimta,
kad zieminiy kvie¢iy kaina yra 240 Eur-t!, Tyrimams
naudotos Zieminiy kvie¢iy séklos kaina buvo 370 Eur-t'.
Tyrimuose traSos ir augaly apsaugos priemonés buvo
naudojamas  vienodomis normomis abiejose  séjos
variantuose. I8laidos traggoms sudaré 233,02 Eur-ha’l, o
augaly apsaugos priemonéms — 65 Eurha'. Siuose
skai¢iavimuose nebuvo vertinamos technikos degaly
sanaudos, eksploataciniai kastai, darbo sagnaudos ir pan.

Rezultatai ir aptarimas

Atlikus dirvozemio elektrinio laidumo skenavima buvo
sudarytas dirvozemio elektrinio laidumo Zemeélapis ir pagal
ji parengtas zieminiy kvie€iy precizinés séjos kintama séjos
norma zemélapis (2 pav.)

Torget Rate (Mass)
kgha'

Percents from

B2 (3.6 h)
total field area 19 )

2 pav. Zemélapiai:
a — dirvoZemio elektrinio laidumo; b — kintamos s¢jos normos
Fig 2. Maps: a — soil electrical conductivity; b — variable rate sowing

Dirvozemio elektrinio laidumo Zemélapyje isskirtos 5
skirtingos dirvozemio valdymo zonos (MZ), kurios séjos
zemeélapyje atsispindi 5 skirtingas séjos normas. 1 lenteléje
pateiktos séjos normos precizinei séjai pagal dirvozemio
elektrinio laidumo kintamumag ir i$skirtas dirvozemio MZ.

Didziausias dirvozemio elektrinis laidumas rodo
didziausig molio daleliy kiekj, atitinkantj sunky dirvozem],
kuris geriau iSlaiko drégme¢. Tokiame dirvozemyje tikétina,
kad geriau kriimijasi augalai, o tai leidZia séti mazesnj sékly
kiekj, pvz. MZ1 — 146 kg-ha''. MaZiausio elektrinio laidumo
dirvozemio zonose tikétinas prastesnis augaly krimijimasis
ir mazesnis uzauginamy varpy kiekis, todél ¢ia (MZ5)
parinkta pati didZiausia séjos norma — 214 kg-ha'.
Kontroliniame variante su fiksuota s¢jos norma buvo sé¢jama
vidutiniskai 180 kg-ha'.
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1 lentelé. Precizinés sé¢jos kintama norma pagal dirvozemio elektrinj
laiduma ir dirvozemio valdymo zonas
Table 1. Precision variable sowing rate according to the soil electrical
conductivity and soil management zones

Dirvosemio Dirvoiemio elektrinis | Kintama séjos
valdymo zona l.alduma.s norma
Soil management Soil elect.rz.cal Vqrtable
conductivity sowing rate
zone
mS-m’! kg-ha'!
MZ1 28,6 146
MZ2 27,3 153
MZ3 25,7 180
MZ4 24,2 197
MZ5 22,6 214

Tyrimy rezultatai parodé, kad vidutinis varpy skaiCius
kontroliniame variante buvo 596 vnt'm?2, o precizinés s&jos
variante — 607 vntm?2. Varpy skaiCiaus skirtumas tarp
technologijy buvo apie 1,81 %, kas sudaré 11 varpy. Varpy
skaiCiaus kitimas skirtingose dirvozemio valdymo zonose
pavaizduotas 3 pav.

a c

o & 500 Ignk
= 400
300
> £ 200
100
0

MZ1

uKontrolé/ Control

Ttest (A): Ry s=38,73 vnt:-m2
T test (B): R, ,5=40,02 vnt:-m2

b d b d p 4
T I I a c
Mz2 MZ3 MZ5

MZ4
Lauko zonos pagal elektrinj laiduma
Field management zones by electrical conductivity

Varpy skai¢ius
Wheat head count, pes-m

u Preciziné séja/ Precision sowing

3 pav. Varpy skaic¢ius (vnt-m™) skirtingose dirvozemio valdymo zonose
Fig 3. Number of heads (pcs-m *°) in different soil management zones

Esminiai varpy skai¢iaus skirtumai buvo nustatyti
kontroliniame variante tarp MZ1, MZS5 lyginant su MZ2,
MZ3, MZ4 zonomis. Precizinés séjos variante analogiski,
kaip ir kontroliniame variante esminio skirtumo nebuvo tarp
MZ1 ir MZ5, taip pat tarp MZ2, MZ3 ir MZ4. Kintamos
s¢jos normos varianto MZ4 ir MZ5 zonose buvo iSsétos
didesnés zieminiy kvieciy s¢jos normos (MZ4 zonoje 197
kgha! ir MZ5 zonoje 214 kgrha!), negu kontroliniame
variante su fiksuota 180 kg-ha'! norma, tadiau Zymesnio
varpy skaiGiaus skirtumo §iose zonose nenustatyta. Siems
rezultatams jtakos galéjo turéti klimatinés salygos. Tikétina,
kad lengvesnéje MZ5 zonoje precizinés séjos variante
augalai galé¢jo atmesti papildomus stiecbus ir dél Sios
priezasties varpy skaiéius nepadidéjo.

Ivertinus varpy skai¢iy, po to buvo apskaiCiuota
zieminiy kvieéiy 1000 griidy masé, o gauti rezultatai pateikti
4 pav.
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Ttest (A): Ry05=1,68 g
Ttest (B): Ry0s=1,39 g

a
a I I c I I c
MzZ2 MzZ3 Mz4 MZ5

Lauko zonos pagal elektrinj laiduma
Field management zones by electrical conductivity

1000 grudy masé. g

1000 grain mass. g
P Y
3 58 B 8 n &5 &

o

a b
0 II
MZ1

4 pav. 1000 griidy mas¢ (g) skirtingose dirvozemio valdymo zonose

wKontrolé/ Control  Preciziné séja/ Precision sowing

Fig 4. Mass of 1000 grains (g) in different soil management zones

Atlikus palyginamuosius skaiCiavimus, nustatyta, kad
kontrolinio varianto MZ5 zonoje buvo nustatytas esminis
skirtumas su visomis kitomis zonomis. Didziausia 1000
gridy masé (37,44 g) nustatyta precizinés s€jos varianto
MZ4 zonoje ir buvo esminis skirtumas su visomis kitomis
zonomis. Precizinés séjos varianto MZ1 ir MZ2 zonos turi
esminius skirtumus su MZ3, MZ4 ir MZ5 zonomis. Taikant
precizinés séjos technologija iSvengta Zenkliai i$siskirianéiy
zony ir vidutiné 1000 gridy masé buvo apie 35,1 g, o
kontroliniame variante vidutiné 1000 griidy masé buvo apie
34,0 g, o tai sudaré apie 3,1 % skirtumg tarp s¢jos varianty.

Biologinis zieminiy kvieCiy derlingumas nustatytas
laboratoriniais tyrimais. Gauti rezultatai pateikti 5 pav.

Ttest (A): R,,5=808 kg-ha*
Ttest (B): Ryqs=609 kg-hat

c c
a
a a I
I b I I
I I
Mz2 MZ3 Mz4 MZ5

Lauko zonos pagal elektrinj laiduma
Field management zones by electrical conductivity
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b
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MZ1

5 pav. Griidy derlingumas (kg-ha™')skirtingose dirvozemio valdymo
zonose

Grainyield, kg-ha'
