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PHOTOSYNTHETIC ACTIVITY OF WINTER WHEAT DEPENDING ON FERTILIZATION AND
LIME APPLICATION ON SOD-PODZOLIC SOIL IN THE CONDITIONS OF WESTERN POLISSIA

N. O. Yuvchyk
Institute of Agriculture of Western Polissia of NAAS, 5 Rivnenska St., Shubkiv village, Rivne district, Rivne region,
35325, Ukraine

Topicality. Increasing the productivity of crop photosynthesis, i.e. the amount of organic matter syn-
thesised per unit of leaf surface in a day, is an essential condition for high crop yields. The area of the leaf
surface depends on the biometric parameters of the plant, the nutritional regime, as well as the duration of
leaf activity, which significantly affects the accumulation of organic matter. Purpose. To identify the influ-
ence of mineral nutrition optimization and chemical amelioration on the formation of leaf surface area, pho-
tosynthetic potential, and net photosynthetic productivity in the main development stages of winter wheat
grown on sod-podzolic soil in the conditions of the Western Polissia. Methods. Field experiment, calculation
and statistical methods. Results. In particular, with the application of dolomite meal at a dose of 1.0 Hh and
different fertilisation variants, the leaf surface area of plants increased from 1.5 thousand m?/ha to 4.12—
6.99 thousand m’/ha in the tillering stage, from 4.07 thousand m*ha to 14.16-21.34 thousand m?/ha in the
stem elongation stage, and from 2.59 thousand m*/ha to 5.33-9.49 thousand m%ha in the heading stage, re-
spectively, compared to the control (without fertilisation). It is noted over the years of research that the ap-
plication of mineral fertilisers on the background of liming increased the indicator of photosynthetic poten-
tial by 2.6-3.5 times compared to non-fertilised one, and the net productivity of photosynthesis increased by
15.4-21.3 % compared to the control. Conclusions. The largest indicators of leaf surface area, photosyn-
thetic potential, and net photosynthetic productivity in the tillering, stem elongation and heading stages were
formed by application of Ni5oPsoK125 + S40 + microfertilizer (two applications). The highest photosynthetic
activity of winter wheat plants were noted in the stem elongation stage.

Key words: winter wheat, fertilization, amelioration, leaf surface area, photosynthetic potential, net
photosynthetic productivity

Introduction. The productivity of winter
grain crops is determined by the parameters of
plant growth and development and their photo-
synthetic apparatus, as well as the duration of
the growing season and the functioning of the
leaf surface as the main organ of photosynthe-
sis. Their formation depends on the biological
characteristics of varieties, environmental factors
and the influence of technological practices [1, 2].

Winter wheat plants form and accumulate
biomass during the growing season through
photosynthesis. At the same time, the main role
in the formation of biological yield of winter
wheat (up to 82 %) is played by leaves [3].
Close correlation (R = 0.65-0.88) between the
aboveground mass of plants and crop yield was
established [4].

It is known that the photosynthesis inten-
sity is determined by the assimilation area of the
leaf surface, which depends on the growing
conditions [5]. Reducing of the assimilation sur-
face leads to a decrease in plant productivity,
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while the optimal yield of winter wheat is for-
med when the leaf area is 3.5-4.0 times higher
than the occupied field area [6]. The power of
the assimilation apparatus and the duration of its
activity is a crucial factor in photosynthesis
productivity, which determines the quantitative
and qualitative indicators of the yield [7, 8].

The formation of the leaf surface area and
the duration of the functioning leaf apparatus of
plants are influenced by the level of mineral fer-
tilisation and water supply [9, 10]. The level of
nutrition significantly affects the growth of
aboveground biomass, including the number
and area of plant leaves. This pattern is evident
in the cultivation of many crops in different
zones [11-13].

According to the research by H. P. Usten-
ko [14], fertilisers increase this indicator by 20—
30 %, while, according to H. M. Hospodarenko
et al., nitrogen fertilisers increase the accumula-
tion of aboveground mass of winter wheat by 8—
16 % [15]. Therefore, we should create the most
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favourable nutritional conditions during the
growing season allowing the plants to form the
optimal leaf surface area for efficient photosyn-
thetic activity of the phytocenosis.

The purpose of the research was to deter-
mine the effect of mineral fertilisers and chemi-
cal amelioration on the formation of leaf surface
area, photosynthetic potential, net photosynthet-
ic productivity in the main development stages
of winter wheat grown on sod-podzolic soil in
Western Polissia.

Materials and Methods. The study was
conducted during 2021-2022 in a stationary
field experiment on sod-podzolic, cohesive
sandy soil of the Institute of Agriculture of
Western Polissia NAAS.

The experimental design included the fol-
lowing variants: without fertilisers (control);
background + CaMg(COs), (1.0 Hy); back-
ground + Ni20Pg0Kgo (recommended rate) + Sy +
microfertiliser (two applications); background +
N130P2sK3s (rate calculated by the normative
method based on the main product output) + Sy +
microfertiliser (two applications); background +
N1s0Ps0K125 (rate calculated by the normative
method based on the output of the main product
and by-products) + Sy + microfertiliser (two
applications); background + Ni3 (rate calculat-
ed by the normative method based on the main
product output) + S4o + microfertiliser (two ap-
plications); CaMg(C03)2 (15 Hh) + NiooPeoKgg +
S4o + microfertiliser (two applications); CaCOs
(1.0 Hy) + Ni2oPeoKgo + Ss0 + microfertiliser
(two applications).

The sown area of the plot was 99 m?
(16.5x6), the registration area was 50 m?
(12.5x4), and the experiment was repeated three
times. In the experiment, the variants were ar-
ranged sequentially. Mineral fertilisers were ap-
plied according to the experimental design; ni-
trogen, phosphorus, potassium and sulphur ferti-
lisers were applied as the basal fertilisers. Ni-
trogen feeding of winter wheat, according to the
experimental design, was carried out in the
spring tillering stage and at the beginning of the
heading stage. For foliar feeding with micro-
elements, Nutrivant Universal microfertiliser
(N —18 %, P,Os — 18 %, K,0 — 18 %, MgO — 2 %,
Cu —0.0025 %, Fe — 0.04 %, Mn — 0.02 %, Zn —
0.01 %, Mo — 0.0025 %) was used at a rate of
2 kg/ha in the appropriate stages.

Sampling of winter wheat plants for de-
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termination of biometric parameters was carried
out during the growth resumption and in the
stem elongation and heading stages. The assimi-
lation area of the leaf surface was determined by
the calculation method i.e. multiplying the
length of the lamina by its width and the coeffi-
cient 0.67. The net productivity of photosyn-
thesis was determined by the method of
A. A. Nychyporovych according to the Kidd-
West-Briggs formula [16].

Results and Discussion. Determination of
leaf surface area during the spring-summer pe-
riod in different developmental stages of winter
wheat showed a high dependence on the cultiva-
tion conditions, in particular, on the level of
mineral nutrition and chemical ameliorants. Ac-
cording to the analysis, we note that the leaf sur-
face area grew rather slowly at the beginning of
the growing season and reached its maximum at
the end of the stem elongation in all experi-
mental variants, and then decreased due to leaf
death and outflow of nutrients to the generative
organs.

It was found that mineral fertilisers and
liming significantly influenced the leaf area of
winter wheat plants at all developmental stages.
According to two-year studies, it was found that
the leaf area increased significantly due to an
increased amount of nutrients applied against
the background of liming. Therefore, in early
winter wheat growing season, the smallest leaf
area (2.97 thousand m%ha) was in the control
variant (without fertilizers), while on the back-
ground of dolomite flour application at a rate of
1.0 Hh and different fertilizer variants against
liming, it increased by 1.5 thousand m%ha and
4.12-6.99 thousand m*/ha, respectively (Fig. 1).

The photosynthetic apparatus area reached
its maximum in the stage of stem elongation at
8.08-29.42 thousand m?ha, which is 172
195 % more than in the tillering stage.

The application of mineral fertilizers
N150Ps50K125 on the background of 1.0 dose of
ameliorant ensured the formation of a quite
large vegetative mass, while the highest leaf ar-
ea of winter wheat plants reached 29.42 thou-
sand m’/ha, which was almost3.5 times higher
than the control variant. Application of only
Ni3p + S0 + microfertiliser (two applications)
on the background of CaMg(CQO3), (1.0 Hy) re-
sulted in a 16.2-32.3 % lower value compared
to the variants with complete mineral fertilisers.

https://doi.org/10.31867/2523-4544/0275 169



w
(9}

g
N 30 29,42

= )

g 25,85 i 26,02

e e 2

= 25 ) i) 994 )

o et i ' el

- o] o] ST k5]

i i) o i

» 20 £heet: ek e ek

= i idid £ el

L i ikt £ i

2 i i i et

S 15 s 13,76 3

= 1215 i w

. [ [ o "y o Sy

=] ana [i520 »:+:+::"-. ' -++:+:_-"-_5J'-. I-"-l-‘916 QL 6:{1':5'-_

2 10 8,08 i ., N T g

2 B R, e, A ' FeEE,

= i Ly % -

o 5 T2-97% e & bt ™

= 19 R, S . b . .

++++1:I '-.‘ ’ %, +++++1 - - ++++‘|:‘ --'J N - '-: ++++1:‘ -

= Rt Rt A, - phEbEl, E A, oty

“ O | +++++: - ++'I-+‘I: +++++ ++++‘Iq - +++++ - ++++ﬁ-. - +++++

g Be3 mobpus  CaMg(CO3)2 Don + Don + DoH + ®on + N130 + CaMg(CO3)2 CaCO3 (1,0 Hr)

S (xortpons) (1,0 Hr) — gor N120P60K90 + N130P25K35 + N150PSOK125 S40+MJI  (1,SHr)+ + N120P60K90
= S40 + MJT S40 + M/JT +S40 + M/JT N120P60K90 + + S40 + MJT

S40 + M1
® KyIeHHS # BHXiZl B TPYyOKY # KOJIOCIHHSA

Fig. 1 Leaf surface area of winter wheat depending on fertilisation and liming,
thousand m?/ha, average for 2021-2022.

During heading stage, the leaf area of win-
ter wheat plants reduced slightly in all experi-
mental variants, as a result of the leaf apparatus
dying off in the lower tier of plants. Leaf sur-
face area development in this stage followed the
same pattern as in the previous developmental
stages and ranged from 4.27-13.76 ths. m?/ha.

While comparing the effect of dolomite
meal and lime on the leaf surface area, it was
found that in case of application of 1.0 dose of
ameliorants and the recommended dose of
N120Ps0Kgo + Sa0 + microfertiliser (two applica-
tions), the leaf surface area of winter wheat was
2.5, 6.4 and 6.0 % higher by the developmental
stages in the variant with application of dolo-
mite meal instead of lime.

The period of active functioning of the
formed assimilation surface is one of the im-
portant conditions for high crop productivity,
i.e. the photosynthetic potential indicator gener-
ally characterises the photosynthetic activity of
plants during the growing season and varies sig-
nificantly depending on the growing conditions.
The photosynthetic potential depended on the
size of the leaf surface area during the growing
season, which was influenced by the application
of different rates of mineral fertilizers and
chemical ameliorants (Table 1).

On average, over the years of research, the
mineral fertiliser application on the background
of liming increased the photosynthetic potential
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to 0.92-1.24 million m2-days/ha, which was
2.6-3.5 times higher than in the control. The
highest indicator of the photosynthetic potential
of winter wheat was formed at a rate of
N150Ps0K125 on the background of 1.0 dose of
dolomite meal.

It should be noted that the value of photo-
synthetic potential alone does not fully indicate
the productivity of photosynthesis, since the
calculation of this indicator does not consider
the intensity of dry matter accumulation in plant
cultivation conditions.

For a more complete evaluation of the
photosynthetic activity of winter wheat plants,
the net photosynthetic productivity is also used,
determining the amount of dry matter formed in
the process of photosynthesis during the day per
1 m? of leaves. This indicator can vary from 0 to
15-18 g/m? per day during the growing season [17].

The study results showed that each square
metre of winter wheat leaf area produced from
4.88 to 5.92 g of dry matter per day, depending
on the variants studied. This indicator increased
by 15.4-21.3 % compared to the control in the
case of mineral fertilisers application on the
background of liming. The highest net photo-
synthetic productivity of the assimilation appa-
ratus of winter wheat plants was due to the ap-
plication of Ni50Ps50Ki25 on the background of
ameliorant and reached 5.92 g/m? per day,
which is 1.2 times higher than the control.
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Table 1. Photosynthetic potential and net productivity of photosynthesis of winter wheat depending
on different fertilisation and liming systems for the tillering-heading stages, average for 2021-2022

Variant Photosynthetic potential, Net _photosynthetic
min m? — days/ha productivity, g/m? per day

Without fertilisers (control) 0.35 4.88
CaMg(COs3), (1.0 Hy) — background 0.53 5.21
Background + NypoPgoKgo + Sgo + 107 5.7
microfertiliser (two application) ' '
Background + Nj3gPosKss + Sy + 113 5.82
Mikpoao6puBo (two application) ' '
BaCkgrOUnd + N150P50K125 + 840 + 1.24 5.92
microfertiliser (two application) ' '
Fackground +_N13_o + S, + microferti- 0.92 563

iser (two application)

CaMg(CO3)2 (15 Hh) + N120P60K90 + 1.09 5.78

S4 + microfertiliser (two application) ' '

CaCO; (1.0 Hy) + NiaoPeoKsg + Sio + 1.00 5.67
microfertiliser (two application)

LSDgs 0.05 0.26

Conclusions. It was found that mineral
fertilisers and chemical ameliorants had a posi-
tive effect on the photosynthetic activity of win-
ter wheat plants on sod-podzolic soil. The larg-
est leaf surface area (29.42 thousand m%ha) was
formed in the stage of stem elongation after ap-
plication of NisoPsoKi2s + Ss0 + microfertiliser
(two applications).
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AKTYyalIbHiCTh. BaXTMBOIO yMOBOIO ()OpPMYBaHHSI BUCOKHX BPOXKAiB CiIbCHKOTOCHOJAPCHKUX KYIb-
Typ € 30LIBIIEHHS] MPOAYKTUBHOCTI iX (DOTOCHHTE3Y, TOOTO KUIBKOCTI CHHTE30BaHOI OPTraHIYHOI PEUOBHHH
Ha OJMHUITIO TUIOIII JIUCTKOBOI MOBEPXHi 3a 100y. HakonmueHHs opraHiyHOI peYOBHUHU 3aJIS)KHUTh Bl BEJH-
YHHHU JTUCTKOBOI MOBEPXHI, 5IKa BU3HAYAETHCSI O1OMETPHUYHUMH ITapaMeTpaMH POCIUH i 3HAYHOIO MIpOro 3a-
TISKUTD BiJl peXKUMY IX KUBIICHHS, a TAKOX BiJl TPUBAJIOCTI aKTUBHOI JisUTBHOCTI UCTKIB. MeTa. [lonsrana y
BUSBIICHHI BIUTUBY ONTHMIi3allii MiHEpPaJbHOTO KHMBIIEHHS Ta XiMiuHOiI Memiopamii Ha QOpMyBaHHS ILTOII
JUCTKOBOI MOBEPXHi, (POTOCHHTETUYHOTO MOTEHIIIANTY, YHCTOI IPOIYKTUBHOCTI JOTOCHHTE3Y B OCHOBHI (ha3u
PO3BHUTKY TIIEHHIII 03UMOI 32 BUPOLIYBaHHS Ha JEPHOBO-III30JMCTOMY TPYHTI B yMoBax 3axigHoro Iloxic-
cs. Marepiaau Tta meronu. llompoBmii mocimin, po3paxyHKOBHH i craTUCTHYHUIT Meronu. Pe3yabTaTm.
BcranosieHo, 1o Ha JIEpHOBO-MIJ30JUCTOMY IPYHTI MiHEpaJbHi J00OpHBa Ta XiMiUHI MENTiOpAaHTH MO3UTHB-
HO BIUTMBAJIU Ha (POTOCHHTETUYHY MisTIbHICTH POCIMH MIICHHI 03uMoi. Tak, 3a BHECEHHS J0JOMITOBOTO
6opomrHa B 1031 1,0 Hr ta pi3Hux BapiaHTiB ya0OpeHHS IJIOMIA JIMCTKOBOI IMOBEPXHI POCIMH MOPIBHSHO 3
KoHTposeM (6e3 106puB) 3pocta 3 1,5 Tie.mM*/ra 10 4,12-6,99 tic. M*/ra y dasy kyminns, 3 4,07 tuc. m>/ra
10 14,16-21,34 trc. M*/ra — y dasy Buxomy B TpyOKy Ta 3 2,59 THc. MY/ra 10 5,33-9,49 THC. M%/ra — ¥ (azy
KOJIOCIHHS, BiANOBigHO. Bim3HaueHO, IO 32 POKW JOCHIKEHh BHECCHHsS MIHEpaJbHHUX J0OpUB Ha (oHI
BaITHyBaHHS ITiJ[BUIIYBAIO BEIHMYUHY MOKa3HUKA (DOTOCMHTETUYHOTO MOTEHIlialy, TIOPIBHSHO i3 HEyJno0pe-
HUM, B 2,6-3,5 pa3u, a uncTa NpoAyKTHUBHICTH (hoTocHHTE3y 3pocTana Ha 15,4-21,3 % mopiBHSHO 3 KOHTPO-
neMm. BucHoBku. HaiiGinpuni roioma JIMCTKOBOI MOBEpXHi, (POTOCHHTETHYHHMH TMOTEHIAN, YHCTa MPOIYK-
TUBHICTD (oTOoCcHHTE3y y (ha3u KyLIiHHS, BUXOAY B TPyOKy Ta KOJIOCIHHS copMyBajucs 3a BHECEHHS
N150PsoKi25 + S49 + MikpomoOpuBO (1Biwi). MakcuManbHI MOKa3HUKHA POTOCHHTETHYHOL JisUTEHOCTI POCITUH
MIISHMII 03UMOI BiJ[3HAYEHI y (a3l BUXOIY B TPYOKY.

Knwuogi cnosa: nuwenuys osuma, y0oopenus, meniopayis, niowja mucCmKo8oi nosepxti, pomocunme-
MUYHUL NOMEHYIa, YUcma npoOyKMUGHICIMb (hOMOCUHME3Y
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