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Features of the Pigment Complex of Winter Wheat Plants
Depending on the Method of Fertilisation

Abstract. To maximise the yield of winter wheat, it is necessary to further optimise modern
cultivation technologies to adapt them to changing environmental conditions. One of the aspects
of plant adaptation to unfavourable abiotic factors is the active functioning of the photosynthetic
apparatus, which depends on the number of nutrients applied. This paper investigates the effect of
fertilisation on the state of the pigment complex of winter wheat plants in the Southern Steppe of
Ukraine. Two varieties of winter wheat were selected for the study: Shestopalivka and Mason. The
scheme of the experiment included the application of fertilisers during sowing (K ; K ,) and foliar
processing with various tank mixtures (urea; urea + magnesium sulphate; urea + magnesium sulphate
+ potassium monophosphate). The pigment content was determined by grinding fresh leaves of winter
wheat with further addition of a solvent in the form of acetone. The pigments were measured using
a spectrophotometer. The results of the studies showed that before foliar fertilisation, the content of
chlorophyll a and carotenoids was higher in the leaves of plants of the Shestopalivka variety. At the same
time, the content of chlorophyll b was higher for Mason plants by 17%, which may be a consequence of
the adaptation of plants of this variety to a lack of light. A decrease in the pigment content in the leaves
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of plants of all experimental variants caused by the active growth of the photosynthesising surface
and a decrease in the total dry matter mass was observed on day 3 after the foliar fertilisation. There
was no significant difference between varieties in the content of photosynthetic pigments during
this period. On the 10" day after foliar spraying, an increase in the content of chlorophyll a and b was
observed for both studied varieties, which may be the result of the adaptation of the photosynthetic
apparatus of winter wheat plants to lighting conditions. Foliar fertilisation of winter wheat plants
with a tank mixture of urea with magnesium sulphate and potassium monophosphate contributed to
a further increase in the content of chlorophyll a by 12-23% and chlorophyll b by 5-37%, depending on
the variety compared to the control. The results of the conducted research indicate the high efficiency
of the complex application of nitrogen-phosphorus-potassium fertilisers for foliar spraying of winter
wheat plants at the stage of BBCH 31both on the background of pre-sowing potassium fertilizers and

without it

Keywords: Triticum aestivum, foliar fertilisation, chlorophylls a and b, carotenoids, LHC

RELEVANCE

Every year the technology of growing such an
important food crop as winter wheat is further
improved. However, there are still a number of
factors that play an important role in shaping
the quality and size of the future harvest. One of
them is the rational application of mineral fertil-
isers, which, when optimally combined, increase
the yield and improve the quality of winter wheat
grain (Kalytka § Zolotukhyna, 2013).

An important component of the process
of forming vegetative and generative organs
of a crop is the photosynthetic activity of crops
(Cherenkov et al.,, 2015). Maintaining the active
functioning of the photosynthetic apparatus
of winter wheat leaves during the tube phase,
which is the period of intensive plant growth
and development and maximum absorption of
moisture and nutrients, is one of the decisive
factors in the formation of a high-quality crop
yield (Gharanjik et al., 2019). During this period, it
isimportant to increase the supply of nitrogen to
plants through foliar fertilisation, which is main-
ly carried out with fertilisers such as urea. This
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agronomic technique is widely used in farming,
as this fertiliser is easily absorbed and combined
with other foliar treatments (Sokolovska-Ser-
hiienko et al., 2016).

Another important factor contributing to
high yields is the optimal supply of phosphorus
and potassium nutrition. The application of pot-
ash fertilisers during sowing has a significant
impact on plants during the growing season,
which further affects the future harvest (Kudria-
vytska & Karabach, 2020). Meanwhile, there has
been a growing interest in the foliar application
of phosphorus-potassium fertilisers in the early
tapering phase (Huliaieva et al., 2015).

The active passage of photosynthesis
serves to better supply nitrogen from the roots
to the aboveground part of the plant. A photo-
synthetic apparatus is a volumetric reservoir
for storing organic forms of nitrogen. That is
why its efficiency determines the future yield
potential of plants (Sheheda et al., 2018), is the
basis of their productivity, and largely depends
on the content and ratio of pigments in plant
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leaves. Chlorophylls a and b are indicators of the
physiological state of plants, the functioning
and activity of which are indicators of the po-
tential ability of plants to form a crop. Another
essential component of pigment systems is
carotenoids, which are light-emitting pigments
that protect chlorophyll from destruction dur-
ing oxidative stress. The main functions per-
formed by carotenoids are antioxidant, anten-
nal, photoprotective, and structural.

The content of photosynthetic pigments
(chlorophyll a and b and carotenoids) shows the
physiological state of plants, their photosyn-
thetic potential and the measurement of capac-
ity, modelling, and prediction of the efficiency
of the applied cultivation technology (Vaguse-
vi¢iené et al.,, 2012). The number of pigments in
plants depends on a number of factors: genetic
properties of the variety, stage of growth and
development, environmental influences, and
sowing density (Juchneviciené & Vaguseviciene,
2015). The plant growing environment affects
the mechanisms of pigment activity. Thus, fertil-
iser deficiency can lead to a decrease in pigment
content in plant leaves (Smolikova § Medvedey,
2015). At the same time, improvements in the
photosynthetic characteristics of the flag leaf,
whichis formed at the end of the tube exit phase,
contribute to a high yield (Noor et al., 2021)

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Feeding with nitrogen fertilisers during the
phase of entering the tube significantly increas-
es the content of chlorophyll a and b and carot-
enoids. Previously, it was established that the
synthesis of chlorophyll depends on mineral nu-
trition. Such a measure affects the dynamics of
leaf surface formation and the degree of leaf sur-
face, which is reflected in the total leaf surface,
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photosynthetic potential and net photosynthetic
productivity. The highest concentration of chlo-
rophylls accumulates in the leaves shortly before
flowering (Vaguseviciené et al., 2012).

According to the results of research by Aisté
Juchneviciené and Ilona Vaguseviciené, it was
found that fertilisation with nitrogen fertilisers
stimulates the accumulation of photosynthetic
pigments and prolongs the period of active
photosynthesis. Chlorophyll is extremely sen-
sitive to changes in the nitrogen content in the
soil because most of the nitrogen is part of the
pigments. A properly selected fertiliser system,
including foliar fertilisation, delays the degra-
dation of photosynthetic pigments and prolongs
the period of active photosynthesis and ensures
active transport of assimilates to the seeds,
thereby determining the yield (Juchnevi¢iené &
Vagusevicieng, 2015).

Foliar fertilisation is becoming a more com-
mon practice in agriculture to increase yields. It
can effectively make up for nutrient deficiencies
and can be used as the main method of provid-
ing plants with the necessary micronutrients
(Jankowski et al., 2016).

The results of research by 1.B. Kovalyshyn
and V.V. Shevchenko reveal that foliar treatment
with phosphorus-containing fertilisers pre-
serves the activity of the photosynthetic appa-
ratus and slows down the ageing process during
the reproductive development of winter wheat
plants (Kovalyshyn § Shevchenko, 2020).

The purpose of the study is to determine the
effect of the fertilisation method on the state of
the pigment complex of winter wheat plants in
the Southern Steppe of Ukraine.

MATERIALS AND METHODS

The study was conducted at leading enterprises
in the Melitopol district of Zaporizhzhia oblast
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in 2019-2021. Two varieties of winter wheat
were used: Shestopalivka, the most common
variety in the south-eastern region of Ukraine
(Bilousova, 2018), classified as a physiological-
ly dual-nature variety, and Mason, a Canadian
transgenic winter wheat variety developed in
2016 using nanotechnology to transform wheat
DNA cells. The two-factor experiment included
determining the effect of pre-sowing potassi-
um fertilisation (K; K,) and foliar treatment
of plants with different tank mixtures in the
phase of the beginning of the tube emergence:
urea (N (control)); urea + magnesium sulphate
(N+Mg); urea + magnesium sulphate + potassi-
um monophosphate (N+Mg+PK) on the content
of the main photosynthetic pigments. The con-
sumption rate of urea is 10 kg/ha, magnesium
sulfate - 2 kg/ha, and potassium monophos-
phate - 1kg/ha.

To determine the pigment content, fresh
leaves of winter wheat were crushed with scis-
sors and a 0.1-0.2 g sample was ground in a por-
celain mortar with CaCO,. 5 ml of acetone solvent
was added and stirred. The resulting suspension
was then filtered into a dry measuring cone

through a filter. 10 ml of acetone was re-added
to the mortar, rinsed and filtered. The filter was
washed with acetone until the pigments were
completely removed. The resulting extract was
poured into a 50 ml flask and brought up to the
mark with a solvent and stored in a dark place
before determining the pigments. The pigment
content was determined using a 2800 UV/VIS
SPECTROPHOTOMETER at wavelengths of 440.5,
644, and 662 nm (Hrytsaienko et al, 2003). The
obtained data were statistically analysed using
Microsoft Excel.

RESULTS

The chlorophyll content of winter wheat leaves
affects the process of solar energy absorption by
plants. At the same time, carotenoids are impor-
tant pigments that characterise the photosyn-
thetic apparatus of plants and transfer the ener-
gy of the absorbed light quantum to chlorophyll
for photochemical work and protect chloro-
plasts from photooxidation. As demonstrated by
the results of the studies (Table 1), the analysed
winter wheat varieties differed in pigment con-
tent and their ratio.

Table 1. The state of the pigment complex of winter wheat plants
at stage BBSN 31before foliar fertilisation, the average for 2020-2021

Pigment content, mg/g of dry matter
o © c
g SOm LT = = (]
S o £ - =B — > > °
E ] ; 28 =238 s s 2 leileil chl/car
38 $E8 | SEQ o ® S a 3 (chl.b)
= &8 o= o o o
< = o
(%] o (8]
N (k) 4.94+0.76 1.46+0.17 1.91+0.30 3.38 3.35
K, N+ Mg 4.92+0.66 1.49+0.30 1.88+0.21 3.30 3.41
©
X
'Tzu N+Mg+PK 4.98+0.50 1.52+0.12 1.88+0.26 3.28 3.46
o
o
5 N (k) 4.20+0.99 1.64+0.40 1.74+0.33 2.56 3.36
<
(%]
K, N+ Mg 4.19+0.94 1.64+0.45 1.64+0.24 2.55 3.55
N+ Mg+PK 4.21+0.95 1.69+0.58 1.67+£0.33 2.49 3.53
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Table 1, Continued

_§ Pigment content, mg/g of dry matter
W ©
[ S Om 3T ) Q
© =} i Q
= 3 = = = = — T g
£ £ o § 2 g g Z Zz o (d:ﬂ;)/ chl/car
S& v Eg bl g s s (chl.b)
= &= == 5 5 o
2 5 5 S
N (k) 4.22+0.91 1.71+0.46 1.61+0.32 2.47 3.68
K, N+Mg 4.33+0.89 1.78+0.62 1.70+0.37 2.43 3.59
5 N+Mg+PK | 4.28+0.94 1.77+0.32 1.69+0.23 2.42 3.58
v
©
= N (k) 3.87+1.22 1.64+0.41 1.50+0.44 2.36 3.67
K, N+Mg 3.92+1.26 1.72+0.60 1.45+0.37 2.28 3.89
N+Mg+PK | 3.83+1.27 1.70+£0.44 1.48+0.26 2.25 3.74

Thus, before the foliar fertilisation, the con-
tent of chlorophyll a in the leaves of winter wheat
plants of Shestopalivka variety was 15% high-
er, and carotenoids - 16% higher compared to
Mason variety. At the same time, the content of
chlorophyll bwas higher in Mason variety by 17%,
which may be due to the adaptation of plants of
this variety to alack of light (Klipakova et al, 2021).
The ratio Chl a / Chl b confirms this conclusion.

Pre-sowing potassium fertilisation led to a
decrease in the concentration of pigments at the
stage of BBCH 31 in the leaves of both varieties

of winter wheat, which can be explained by the
active growth of the leaf surface area and their
corresponding growth dilution.

On day 3 after the foliar fertilisation (Ta-
ble 2), a decrease in the pigment content in the
leaves of plants of all experimental variants was
observed, which was again due to the active
growth of the photosynthetic surface and a de-
crease in the total dry matter mass. At the same
time, there was no significant difference be-
tween varieties in the content of photosynthetic
pigments during this period.

Table 2. The state of the pigment complex of winter wheat plants at stage BBSN 31
on the 3 day after foliar fertilisation, the average for 2020-2021

:2’ 5 Pigment content, mg/g of dry matter
- w g g~
§ < sE 2% g 2 g (chl.a)/
-] .g 2 s g g = = ‘5’ . chl/car
3 & $E T8 5 g 5 §2E
= a g < = ° o °
= = 5 S o
‘B o = = @
j (T8 K= <= Q
(] o (%}
2
£ N (k) 3.67+0.92 | 1.79+0.49 | 1.50+0.87 2.05 3.64
E
) K, N+Mg 3.99+0.83 1.89+0.73 1.79+0.25 211 3.28
(%]
()
& N+Mg+PK | 4.29+0.86 1.96+0.46 1.55+0.24 2.19 4.03
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Table 2, Continued

w0 c _§ Pigment content, mg/g of dry matter
[ c O m =y
E g g E g {_52- ::9 E E %’ (chl.a)/ chl/car
3:_3; ggé ..:é §° g_q % (chl.b)
- S 5 5 g
&: N (k) 3.81+0.83 1.75+0.29 1.93+0.12 2.18 2.88
:_é' K, N+Mg 4.08+0.78 1.78+0.54 1.76+0.04 2.29 3.33
>
% N+Mg+PK 4.19+0.24 1.80+0.50 1.74+0.25 2.33 3.44
N (k) 3.50+0.57 1.74+0.41 1.51+0.28 2.01 3.47
K, N+Mg 3.68+0.68 2.01+0.52 1.80+0.21 1.83 3.16
5 N+Mg+PK | 4.19%+0.75 2.05+0.31 1.47+0.16 2.04 4.24
@
§ N (k) 3.61+0.74 | 1.87+0.74 1.55+0.22 1.93 3.54
K, N+Mg 3.99+0.70 1.96+0.38 1.69+0.20 2.04 3.52
N+Mg+PK | 4.11+0.54 1.98+0.33 1.60+£0.23 2.08 3.81

Notably, on the 3" day after fertilisation, as
opposed to the previous period, there was no sig-
nificant difference in pigment content between
the variants with pre-sowing potash fertilisation
and those without such agricultural practices.

Foliar fertilisation of plants contributed
to the growth of both chlorophylls and carote-
noids in the leaves of plants of both studied va-
rieties. Moreover, the highest efficiency of this
agricultural practice was observed in the vari-
ants of complex application of urea with mag-
nesium sulfate and potassium monophos-
phate both on the background of pre-sowing
fertilisation with potassium fertilisers and
without it.

During this period, the Chl. a / Chl. b ratio
decreased by 6-39% compared to the previous
stage, depending on the experimental vari-
ant, resulting from an increase in the content of
chlorophyll b in response to an increase in leaf
surface area and deterioration of lighting condi-

D

tions. The complex application of foliar fertilisers
(N + Mg + PK) against the background of pre-sow-
ing K, fertilisation contributed to a more stable
performance of the photosynthetic apparatus
of plants of both studied varieties, as a result of
which the indicated chlorophyll ratio differed
only by 6-8% compared to the previous period.

On day 10 after the foliar fertilisation treat-
ment, an increase in chlorophyll content was
observed (Table 3), which indicates a gradual ad-
aptation of the photosynthetic apparatus of win-
ter wheat plants to the habitat conditions.

Moreover, the Shestopalivka variety showed
anincrease in both chlorophyll a and chlorophyll
b content by 6-22% and 3-7%, respectively, de-
pending on the treatment option, compared to
the previous stage.

At the same time, the Mason variety was
characterised by an increase in the content of
only chlorophyll b by 9-32% compared to day 3
after fertilisation.

Plant and Soil Science (12)3
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Table 3. The state of the pigment complex of winter wheat plants at stage BBSN 31
on the 10® day after foliar fertilisation, the average for 2020-2021

§ 5 Pigment content, mg/g of dry matter
— w "~ S <
5 < S w O = = B
z5 % s 5 = z 5 (chl.a)/ hi/.
£ 3 gg@ st s s g (chl.b) cni/ear
< £2 B g g s
; s : E :
9o 'S
N (k) 447+0.14 | 1.96%0.10 | 1.48+0.01 58 434
1.94+0.17 1.94+0.10
P K, N+Mg 4.80+0.49 2.47 3.47
>
= 2.06£0.04 1.56+0.14
5 N+Mg+PK | 5.08+0.32 2.47 4.58
e}
E N (k) 4.30+0.14 1.92+0.11 1.74+0.09 224 357
n + +
K, N+ Mg 4324025 | 1.94%0.15 | 1.63%0.30 53 384
+ +
NtMg+PK | 4.80£0.07 | 2:11#0.09 | 1.59%0.05 227 435
N (k) 356+022 | 1.90£0.24 | 1.48+0.04 187 369
40+0. .65+0.
K, N+Mg 3.80+0.14 | 2:40+0.28 | 165:0.15 158 3.76
s N+ Mg+ PK 4.38+0.29 2.60+0.13 1.45+0.06 1.68 4.81
(%]
(C
2 N (k) 3.79+0.67 | 208027 | 1.51%0.27 18 389
+ +
K, N+Mg 4.05+0.90 2.42+0.39 1.77+0.27 167 3.66
N+ Mg+PK 4.37+0.67 2.62+0.22 1.59+0.30 167 4.40

Foliar fertilisation of winter wheat plants
with phosphorus-potassium fertilisers (N +
Mg + PK) contributed to a further increase in
chlorophyll a content by 12-23% and chloro-
phyll b by 5-37% depending on the variety, as
compared to the control. Meanwhile, the high-
est efficiency of this agricultural practice was
achieved with the Mason variety both with and
without potash fertilisers.

The content of carotenoids remained largely
thesameasinthepreviousanalysedperiod,which
also confirms the stable performance of the leaf
apparatus at this stage of plant development.

This stage of development was character-
ised by an increase in the ratio of chlorophylls
to carotenoids (Chl./car.) - from 2.88-4.24 on day
3 after fertilisation to 3.47-4.81 on day 10, which

Plant and Soil Science (12)3

indicates the predominance of green pigments
in the photosynthetic apparatus of winter wheat
plants and its active functioning.

The light-harvesting complex (LHC) charac-
terises the number of chlorophylls engaged in the
transfer of absorbed energy to the pigment-pro-
tein complex and plays an important role in the
regulation of the light stage of photosynthesis.
As demonstrated by the data obtained, foliar
fertilisation of winter wheat plants at the stage of
BBCH 31 contributed to an increase in the num-
ber of pigments entering the LHC on day 3 with a
gradual decrease in their content on day 10 (Fig.
1). This surge in the activity of sunlight absorption
by pigments is most likely attributed to an in-
crease in the activity of the plant enzyme system
asaresult of foliar fertiliser (Bilousova et al,2019).
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Figure 1. The activity of the light-harvesting complex
of winter wheat plants depending on the studied factors, the average for 2020-2021, %

The highest activity of LHC at all analysed
stages was observed for Mason plants, which
may be the result of adaptation to deteriorating
lighting conditions due to active growth of leaf
surface area and is consistent with the informa-
tion presented above.

CONCLUSIONS

The results of the conducted research indicate
the high efficiency of the complex application
of nitrogen-phosphorus-potassium fertilisers
for foliar fertilisation of winter wheat plants at
the stage of BBCH 31 both on the background of

pre-sowing application of potassium fertilisers
and without it. Thus, this agricultural technique
resulted in a 10-17% increase in chlorophyll a
and a 3-10% increase in chlorophyll b content for
Shestopalivka variety compared to the control.
At the same time, for Mason, this increase was
14-23% and 6-37%, respectively.

The adjustment of the plant nutrition sys-
tem at different stages of growth and develop-
ment helps to increase the content of photosyn-
thetic pigments in the leaves of winter wheat
plants, which in the future affects plant yield and
the quality of the grain.
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3. binoycosa

KaHAmMAaT CinbCbKOrocnoAapCcbKnx HayK, AOLEHT
TaBpiNCbKMN AePrKaBHMUIN arPOTEXHONOTIYHNI YHIBEPCUTET iMeHi AmuTpa MoTopHoro
72312, m. Menitononb, npocneKkT boraaHa XmensHuubkoro, 18, YKkpaiHa

B. KeHeBa

AcnipaHT
TaBPIMCbKUI AepKaBHUI arpoOTEXHONOTIYHMUIA YHiBEPCUTET iMeHi AmuTpa MoTopHOro
72312, npocnekT borgaHa XmenbHuubkoro, 18, m. Menitonons, YkpaiHa

0. KninakoBa

KaHanAaaT CifibCbKOrocnoAapCcbKmMx HayK
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OCco6/MBOCTi NiIrME@HTHOro KOMIJIEKCY POC/IMH MWeEeHULi 03MMOi
3asie)XHo Bif cnocoby yao6peHHNA

AHoTauiq. 711 0TpMMaHHS MaKCUMAaJIbHOI BpOXKalHOCTI 03UMOI ITieHUIli HeobXifHa Iogabiia
OIITUMI3allid Cy4acHUX TEXHOJIOTiM BUPOIIYBAHHS 3 METOI0 IX ajamTallii o MiHJIMBUX YMOB
HaBKOJMIIHBOTO cepefoBullia. OFHMM i3 acnekTiB ajamnTallii pocaWH [0 HeCHpUATIUBUX
abioTuuHuxX GaKTOpiB € akTUBHE QYHKIIOHYBAHHA (POTOCUHTETUYHOIO arapary, iKe 3aJIeKUTh
BiJl KiJIBKOCTi BHECEHUX TOKUBHUX PEUYOBHH. Y pOBOTI HOCIIKEHO BIUIMB yIOO6pEHHS Ha CTaH
MNirMeHTHOr0 KOMILJIEKCY POCIWH O3MMOI MIIeHulll B yMoBax IliBmeHHoro Cremy VYKpalHU.
Ona pmocmimskeHHs 6yymo o6paHO IBa COPTH 03MMOI mimeHwuIl: IllecTornaniBka Ta MeMCOH.
CxeMa JIOCTIiZy BKJIIOYaja BHeCEHHS mo6puB mif yac ciB6u (K; K,,) Ta mo3aropeHeBi 06po6Ku
pisHuMu 6akoBuMM cyMimamu (kap6amizn; kap6amin + cynbdar Mardiio; Kapbaminm + cyabdar
Mardiio + MoHodochaT Kamio). BMICT MIrMeHTIB BU3HAualyd LOUIAXOM IOAPiGHEHHA CBIKOIO
JIUCTA O3UMOIl MIIeHMI] 3 MOJaJbIIMM AOAAaBaHHAM DPO3YMHHUKA y BUIVIAAL alleTOHy. BMicT
MIirMeHTiB BUMipIOBaJIM 32 JOIIOMOIOI0 ClleKTpodoToMeTpa. Pe3ynbTaTu AOCTifKeHb [T0Ka3aly,
o [0 IT03aKOPEHEBOro IMiIKUBIEHHS BMICT xJIopodiNy a Ta KapOTUHOILIB 6YyB BULIUM Y
JIUCTKaxX pociuH copty llecTomaniBka. BogHowyac BMicT xy10podiny b 6yB BUIIMM y POCIUH
copTy MeticoH Ha 17%, 110 MOKe 6yTH HACJiZKOM afariTallii pOCAWH LOTO COPTY A0 HecTaui
cBiTia. Ha 3-11 JeHb IIicasa 103aKOPEeHeBOTO ITiJKUBJIEHHS CIIOCTepiranocs 3HIMKeHHS BMICTy
MIirMeHTIB y JIUCTKAaX POCIMH yCiX HOCTiAHVX BapiaHTIB, IO IIOB'S3aHO 3 aKTUBHUM pPOCTOM
doTOCHHTEe3YI04Oi ITOBEPXHi Ta 3MeHINeHHIM 3arajabHoI Macy cyxoi pedoBrHU. CYyTTEBOI Pi3HUILI
MK cOpTaMu 3a BMiCTOM (OTOCUHTETUYHUX IIirMeHTIB y 1ieH I1epiof He criocTepiranocs. Ha 10-
Ty Ho6y Mic/is 103aKOPEeHEBOTOo IMiJKUBJIEHHA CIIOCTEepiranu 36iIblIeHHA BMICTY XJI0podiny a
i b mna o6ox mOCIimKyBaHUX COPTIB, IO MOKe B6YTY HACTIIKOM afarTallil ¢OTOCUHTETUYHOTO
arnapary pOC/IMH IIIeHUIll 03UMOI 0 YMOB OCBiT/IEHHA. [Io3aKOpeHeBe IMiAKUBJIEHHS POCIVH
TMIIeHUIT 03MMO1 6aKOBOI0 CyMilio KapbaMiay 3 cynbdaToM MarHioo Ta MoHodpocdHaToM KaJiio
CIIPUAJIO TOJAJIBIIOMY MiABUIIIEHHIO BMicTy xsopodiny a Ha 12-23% Ta xyiopodiny b Ha 5-37%
3aJIe)KHO Bif, COPTY IOPIBHAHO 3 KOHTPOJIeM. Pe3ynbTaTU NPOBeleHUX OOCIifKeHb CBiA4aTh
PO BUCOKY ebeKTUBHICTh KOMIUIEKCHOTO 3aCTOCYBaHHS a30THO-GpochOpHO-KaTINHUX N06pUB
LISl TI03aKOPEHEBOTO OBIIPUCKYBAaHHS POCIMH MieHuUIi osumoi y ¢asi BBCH 31 ark Ha ¢oHi
IIepeAIoCiBHOIO BHECEHHS KaTiIHUX BO6PUB, TaK i 6€3 HHOro

Kmouosi cnosa: Triticum destivum, Io3aKopeHeBe MiIKUBJIeHHS, XJI0podiiu a i b, KapoTHHOIAY,
JITK
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