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INFLUENCE OF PREDECESSORS, MINERAL FERTILISERS AND SEEDING RATES
ON PEA GRAIN YIELD IN THE NORTHERN STEPPE OF UKRAINE

A.D. Gyrka ', O. V. Bochevar ', V. S. Malook *, Yu. Ya. Sydorenko %, O. V. llienko ?, Ya. V. Aleksieiev *
!State Enterprise Institute of Grain Crops of NAAS, 14 Volodymyr Vernadskyi St., Dnipro, 49009, Ukraine

“Erastivska Experimental Station of the SE Institute of Grain Crops of NAAS, Vyshneve village, Kamianske district,
Dnipropetrovsk region, 52150, Ukraine

Topicality. The plant density per unit area is one of the most important agronomic indicators, which
depends on both the seeding rate and the soil water regime. This is especially important for the Steppe zone
of Ukraine, given the constant water scarcity in this region. The analysis of literature sources revealed lim-
ited scientific data regarding the response of modern pea varieties to seeding rates depending on the prede-
cessors and mineral nutrition of plants in the unstable weather and climatic conditions of the Steppe region
of Ukraine. Purpose. To establish the optimal seeding rate for peas of Haiduk variety, depending on the pre-
decessors and mineral fertilizers. Materials and Methods. During 2021-2022, the scientific study was car-
ried out at the Erastivska Experimental Station of the SE Institute of Grain Crops of NAAS, which is located
in the Northern Steppe of Ukraine. In the area of the experimental station, the temperate continental climate
is characterised by aridity and unstable moisture conditions. The soil cover of the experimental plots is ordi-
nary low-humus heavy loamy chernozem. The humus content in the topsoil (0-30 cm) is 4.0-4.5 %, total
nitrogen — 0.23-0.26 %, phosphorus — 0.11-0.16 %, potassium — 2.0-2.5 %, pH of the soil-water extract —
6.5-7.0. The experiment was laid out after winter wheat and maize for grain as predecessors on the back-
ground of mineral fertilizers at rates of N3yP3oKsg and NgsP4sKss under pre-sowing cultivation. Leafless peas
of the Haiduk variety, bred by the Yuriev Plant Production Institute, were sown at seeding rates of 1.2, 1.4,
1.6 and 1.8 million germinated seeds/ha. Generally accepted agricultural techniques were used in the expe-
riment. Results. The seeding rate and the level of mineral nutrition of pea plants after different predecessors
had a significant effect on the yield attributes and grain yield of the Haiduk variety. On average, over two
years of research (2021-2022), the application of mineral fertilisers at a rate of N4sP4sKss under pre-sowing
cultivation, compared to the background NsgP3Ksg, increased the pea grain yield of Haiduk variety after
maize for grain by 0.18-0.51 t/ha, after winter wheat — by 0.16-0.32 t/ha, depending on the seeding rate un-
der study. Conclusions. In the pea cultivation technology, the effect of the predecessors (winter wheat and
maize for grain) on grain yields of the Haiduk variety was almost equivalent in the case of pre-sowing appli-
cation of mineral fertilisers at a rate of N4sP4sK4s and a seeding rate of 1.4 million germinated seeds/ha.

Key words: pea, predecessor, fertiliser background, seeding rate, plant density, yield attributes, plant
productivity, grain yield

Introduction. The value of pea (Pisum
sativum) as a high-protein crop has long been
known. It is the main legume crop in Europe
[1, 2]. Compared to cereal spiked crops, peas
have a number of advantages, especially in
terms of valuable vegetable protein. Thus, pea
grains contain up to 24.5 % protein, which
allows this crop to be widely used in the food
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industry and for feed purposes [3]. In addi-
tion, the green mass of peas used for animal
feed contains 18-22 % of protein, 3-4 % of
fat and 20-22 % of fibre [4].

Peas are also of great value in crop rota-
tion. Pea plants are able to fix air nitrogen in
the amount of 100-150 kg/ha of nitrogen,
which is equivalent to 300-400 kg of
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ammonium nitrate. The results of the research
showed that with sufficient soil moisture, peas
are the best early predecessor for winter crops
and allow us to sow them in the optimal dates.
In addition, peas can effectively control weeds
[5]. Inclu-ding peas in the crop rotation also al-
lows farmers to significantly save money on
mineral fertili-sers, improve soil health and its
mechanical composition [6, 7, 8]. That is why
peas are one of the best predecessors for winter
wheat, millet, buckwheat and other crops. Thus,
gro-wing peas in crop rotations contributes to
redu-cing the total cost of crop production, im-
proves the phytosanitary condition of crops and
increases arable land productivity.

Peas differ from other pulses in that their
stems do not branch and elongate mainly in
height. In favourable years, pea crops lodge se-
verely due to excessive plant growth, which re-
quires two-phase harvesting and leads to grain
yield losses [9, 10]. The priority for effective
area renewal and increase in pea grain produc-
tion is the cultivation of high-yielding varieties
of leafless morphological type with high poten-
tial productivity, tolerance to environmental
stress factors, lodging and suitable for direct
harvesting [11, 12]. In order to increase the
yields of this crop, there is a need to improve
the cultivation technology of the newest pea va-
rieties of the leafless morphological type tole-
rant to lodging. The analysis of the literature
showed that in the system of agronomic practi-
ces aimed at increasing pea productivity, great
importance should be given to the rational use
of fertilisers and seeding rates [13-15].

At the same time, pea plants are susceptib-
le to the effects of the predecessor and their
productivity forms differently depending on this
factor. According to the results of research, the
best grain yields of peas are obtained in the sub-
zone of unstable moisture when peas are sown
after maize for grain and silage, winter wheat,
buckwheat, and barley. The data also suggests
that crops such as maize for grain, sunflower
and spring barley are almost equally valuable
predecessors for peas [1, 4]. Thus, given the
comprehensive economic importance of pea, the
issue of expanding its area in the steppe zone is
relevant, and therefore, agrotechnical methods
of growing this crop should be constantly im-
proved.

The research was aimed at studying the
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peculiarities of pea growth, development and
grain yield formation of Haiduk variety depen-
ding on the predecessors, mineral fertilizers and
seeding rates.

Materials and Methods. The field re-
search was conducted at the Erastivka Experi-
mental Station of SE IGC NAAS located in the
Northern Steppe of Ukraine during 2021-2022.
The climate of the research station is temperate
continental, characterised by aridity and unstab-
le moisture conditions. The soil cover of the ex-
perimental plots was ordinary low-humus heavy
loamy chernozem. The humus content in the
topsoil (0-30 cm) is 4.0-4.5 %, total nitrogen
content is 0.23-0.26 %, phosphorus is 0.11-
0.16 %, potassium is 2.0-2.5 %, and the pH of
the soil-water extract is 6.5-7.0. The experiment
was laid out after winter wheat and maize for
grain. A mid-ripening pea of leafless morpho-
logical type of Haiduk variety developed by the
Yuriev Plant Production Institute was sown.
Agrotechnology in the experiment was general-
ly accepted for the zone. The primary tillage in
the autumn period included double stubble
breaking of the predecessor and moldboard
ploughing to a depth of 20-22 cm. Spring tillage
included early spring harrowing and pre-sowing
cultivation with the application of mineral ferti-
lisers (Ni1gP16Kis) in rates of N3oP3Ksz and
N4sP4sKss according to the experimental design.
Various pea seeding rates of 1.2, 1.4, 1.6 and
1.8 million germinated seeds/ha were studied.
Sowing was conducted with a SN-16 seeder fol-
lowed by rolling with sprocket packers. Inte-
grated plant control against weeds, diseases and
pests was also applied during the pea growing
season. The arrangement of the experimental
variants in the field was systematic, repeated
three times, and the plot area was 25 m?.

Results and Discussion. Weather condi-
tions during the pre-sowing period of peas va-
ried significantly over the years of research,
which affected the sowing dates and, conse-
quently, the further plant development. Thus,
during April 2021, rainfall of varying intensity
was frequent, exceeding the monthly norm by
17.7 mm; the average daily air temperature de-
creased by 1.3 °C compared to long-term data,
and the average monthly relative humidity in-
creased by 6 % compared to long-term data.
Such weather conditions delayed the start of
spring sowing campaign and postponed the
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sowing of spring spiked cereals and peas by two
weeks later than the long-term average. The be-
ginning of spring in March 2022 was character-
ised by low air temperatures, frosts in the first
and second ten-day periods of the month, and a
rapid rise in temperatures (up to 3.9-12.0 °C) in
the third ten-day period, which exceeded long-
term data by 2.5 °C In March, the relative hu-
midity was 67 %, which was 12 % lower than
the long-term average. Precipitation was prima-

rily recorded in early March, but its amount was
almost twice (14 mm) less than long-term data.
Thus, the weather conditions of the spring of
2022 contributed to the timely conduct of field op-
erations and pea was sown in the trial on 29 March.

Phenological observations showed that
full pea seedlings of Haiduk variety emerged
16 days after sowing both when sown at the op-
timal date in 2022 and with a two-week delay in
sowing (Table 1).

Table 1. Dates of the main growth and development stages of pea plant
of Haiduk variety during the growing season, 2021-2022

Plant growth and development stages
Year . . flower bud . od full grain
SOWing seedling 5" leaf formation flowering forfnation matgrity
2021 17.04 03.05 17.05 07.06 13.06 20.06 10.07
2022 29.03 14.04 27.04 05.06 08.06 15.06 09.07

However, the plant development period
from the formation of the 5th leaf to flower bud
formation varied by year and was 21 days in
2021, and in 2022 it increased to 39 days due to
cooler conditions in May. Subsequent periods of
plant growth and development were almost the
same duration by years of research. In general,
the growing season in pea plants of the Haiduk
variety was 84 days in 2021, and 102 days — in
2022. According to the results of the research,

we have also found that the predecessors, rates
of mineral fertilizers and seeding rates had no
practical effect on the occurrence and duration of
the main stages of pea growth and development.

According to the pea yield attributes, on
average for two years, the highest plants were
and 87.3-87.8 cm, which formed after winter
wheat as a predecessor, with the application of
NysP4sKys fertiliser and a seeding rate of 1.2—
1.4 million germinated seeds/ha (Table 2).

Table 2. Yield attributes and grain yield of peas depending on the predecessor,
nutritional background and seeding rates, 2021—2022

Seeding rate,
Fertiliser million Plant | Number of | Number of Seed I
background | germinated | height, | podsper | seeds per | weight per %/\(/)gio ﬁf(ad Graltr/lh)geld,
(factor B) seeds/ha cm plant, pcs |plant, seeds| plant, g gnt. g
(factor C)
Predecessor (factor A) — winter wheat
1.2 82.9 4.6 19.0 4.1 214.9 2.50
NP K 1.4 81.8 4.8 18.8 3.9 210.7 2.74
30730730 1.6 81.5 4.6 18.0 3.6 207.7 2.68
1.8 75.1 4.4 16.2 3.3 205.4 2.63
1.2 87.8 5.5 20.0 4.6 220.5 2.82
NusPucKas 14 87.3 5.5 19.1 4.9 218.5 3.03
1.6 86.6 4.8 18.2 3.8 215.9 2.92
1.8 82.5 4.5 17.0 3.5 211.3 2.79
Predecessor (factor A) — maize for grain
1.2 74.9 4.3 16.4 3.2 209.5 2.31
NP K 1.4 74.2 4.5 16.5 3.6 209.3 2.66
30730730 1.6 70.2 3.8 15.5 3.0 207.3 2.62
1.8 69.0 35 14.5 2.8 207.2 2.53
1.2 80.1 4.9 16.8 3.3 2155 2.82
NPk 1.4 80.3 4.8 16.6 3.4 216.2 3.00
BTASTMS 1.6 79.2 4.1 15.0 3.2 212.5 2.81
1.8 71.6 3.9 14.3 3.0 209.7 2.71
LSDgs, t/ha for factor: A —0.03-0.05; B — 0.03—0.04; C — 0.04-0.05; AB —0.05—0.07; AC —0.08-0.09;
BC —0.07-0.08; ABC — 0.10—0.11.
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The plant height of peas was by 4.9-
5.5 cm less when peas were sown with similar
seeding rates after winter wheat on the back-
ground of NgoP30K3zo fertilisation. The lowest
pea plants of 74.2—74.9 cm were obtained after
the maize for grain and with moderate rates of
mineral fertiliser (N3oP30Kso). The increase in
plant height of peas to 80.1-80.3 cm was due to
the improvement of mineral nutrition by fertili-
sing with N4sP4sKys after maize for grain.

The level of mineral nutrition of plants
significantly affected the formation of the num-
ber of pods and their grain content in peas.
Thus, pre-sowing introduction of mineral ferti-
liser N4sPssKgs after the predecessor winter
wheat resulted in an increase of these indicators
by 0.2-0.9 pods and 0.3-1.0 grains, respective-
ly, compared to the fertiliser N3oP30K3zo. These
parameters grew less intensively under im-
proved mineral background after maize for
grain and increased by 0.3-0.6 pods and 0.1-0.5
grains, respectively. The largest grain weight
per pea plant was obtained under sowing with
seeding rates of 1.2-1.4 million germinated
seeds/ha after the predecessor winter wheat:
4.6-4.9 g in variants with the maximum amount
of mineral fertilisers and 3.9-4.1 g — with mod-
erate application of N3oP30K30. Sowing peas af-
ter maize for grain resulted in a decrease in the
plant productivity in the best experimental vari-
ants by 1.3-1.5 g and 0.3-0.9 g, respectively,
depending on the nutrition background.

According to the results of the research,
1000 grain weight of Haiduk variety peas in-
creased significantly after the predecessor win-
ter wheat and the application of mineral fertilis-
er NysPssKas. A greater 1000 grain weight of
peas was provided by variants with seeding
rates of 1.2-1.4 million germinated seeds/ha —
218.5-220.5 g, respectively. Thickening of pea
crops by increasing the seeding rate from 1.2 to
1.8 million germinated seeds/ha led to a de-
crease in 1000 grain weight by 2.0-9.5 g, de-
pending on the predecessor and the mineral fer-
tiliser background.

The average grain yield of Haiduk variety
was higher on two years of research, when min-
eral fertiliser N4sP4sKys was applied for pre-
sowing cultivation and was practically un-
changed depending on the predecessor. The
maximum grain yield of 3.00-3.03 t/ha of pea
was obtained in variants with a seeding rate of
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1.4 million germinated seeds/ha both after win-
ter wheat and after maize for grain. Increasing
the seeding rate of peas to 1.6-1.8 million ger-
minated seeds/ha resulted in a decrease in the
best grain yield by 0.11-0.29 t/ha, depending on
the predecessor. In the variant with fertilizer
N3oP30Kso, @ similar response to grain yield
formation was observed depending on the seed-
ing rate, but under such nutrition conditions, the
level of plant productivity in variants with a
seeding rate of 1.4 million germinated seeds/ha
after whiter wheat decreased by 0.29, after
maize for grain — by 0.34 t/ha, compared to fer-
tilizer N4sP4sKys. Thus, the effect of the prede-
cessor on the pea plant productivity of Haiduk
variety was more significant in variants with
moderate application of mineral fertilizers than
in the case of pre-sowing fertilizer application
NasPasKas.

Conclusions

The two-year research findings were used
to establish the following:

1.Seeding rates of 1.2, 1.4, 1.6, and
1.8 million germinated seeds/ha after winter
wheat and maize for grain with the introduction
of mineral fertilisers N3oP30Ksg and NzsPssKys
under pre-sowing cultivation did not affect the
dates of occurrence and duration of the main
stages of pea growth and development of Hai-
duk variety plants.

2. The best indicators of the pea yield at-
tributes were formed by sowing with seeding
rates of 1.2-1.4 million germinated seeds/ha.
The thickening of pea crops to 1.6-1.8 million
plants/ha after the predecessor winter wheat,
depending on the fertiliser background, reduced
the plant height by 0.3-7.8 cm, the number of
pods per plant by 0.4-1.0 pcs, grain content of
pods — by 0.8-3.0 seeds, 1000 grains weight —
by 3.0-9.5 g, and after maize for grain — by 0.7—
8.5 cm, 0.5-1.0 pcs, 0.1-0.8 seeds and 2.0—
6.5 g, respectively.

3. The introduction of mineral fertiliser
N4sP4sKss under pre-sowing cultivation, com-
pared to the background N3oP30K3p, increased
the grain yield of Haiduk variety after the pre-
decessor maize for grain by 0.18-0.51 t/ha, after
winter wheat — by 0.16-0.32 t/ha, depending on
the seeding rate under study.

4. The maximum grain yield (3.0—
3.03 t/ha) of peas was obtained in variants with
a seeding rate of 1.4 million seeds/ha. Increa-
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sing or decreasing the seeding rate of 1.4 mil- recommended for use in crop rotations in the

lion germinated seeds/ha showed the inexpedi- Northern Steppe of Ukraine under pre-sowing

ency of such an agronomic practice. application of mineral fertilizers at a rate of
5. In the pea cultivation technology of the  NusPsKas and a seeding rate of 1.4 million ger-

Haiduk variety, winter wheat and maize for minated seeds/ha.

grain were almost equivalent, thus they can be
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Tupxa A. JI.", Bouesap O. B.", Manoox B. C.", Cudopenxo IO. A.°, Invenxo O. B.?, Anexcees 5. B*.
Bnaue nonepeonuxis, minepanbHux 000pue ma HOpm 6UCi8y HACIHHA HA 8PONCATHICHb 3ePHA 20POXY 6
Higniunomy Cmeny Yxpainu. 3epnosi kynomypu. 2024. 8 (1). 12—77.

1ﬂep9fca6Ha yemanoea Incmumym seprosux kynemyp HAAH, ayn. Borooumupa Bepnaocvkoeo, 14, m. ninpo, 49009, Vrpaina
Epacmiscoxka Oocniona cmanyis [lepocaenoi ycmanosu Incmumym 3eprosux kynemyp HAAH, cmm Buwnege,

Kawm aucokuil pation, [ninponempogcoka obracms, 52150, Yrpaina

AKTyaJbHicTB. ['yCTOTa POC/IMH Ha OJMHUILI IUIOII BIIHOCUTHCS 10 HAMBAXKIIMBILINX arpOTEXHIYHUX
MOKa3HHMKIB, SIKMI 3aJ€XKUTh BiJl HOPMU BHCIBY HACiHHSI Ta KOPETYEThCS BOJHUM PEXHUMOM IpyHTY. Lle Mae
0co0MBe 3HAYEHHS Ui YMOB CTENOBOI 30HM YKpaiHH, A€ BOJOra 3HaXOAUTHCS y MOCTIHHOMY AediuuTi.
AmHari3 JiTepaTypHUX JDKEepel BHSIBHB OOMEXKEHY KiJIbKICTh HAYKOBHX JIaHUX IIOJIO PEaKIlii CydaCHUX COPTIB
ropoxy Ha HOPMH BHCIBY HACiHHS 3aJI€KHO BiJ NMONEPEJHHKIB Ta MiHEPaJbHOIO >KHUBJICHHS POCIHH 32 He-
CTaOUIBHUX MOTOJHO-KJIIMAaTHYHUX YMOB CTEIOBOIO periony. MeTa JocaiIieHb MoJsrana y BCTAaHOBJICHHI
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ONITHMAJILHUX HOPM BHCIBY HACIHHSI TOPOXY COpTY 'aliIyK 3ajIe’KHO BiJ MOIIEPETHUKIB Ta MiHEPAITBHHIX J100-
puB. Martepianu Ta meroau. HaykoBa pobora mpoBomammack ynpomorxk 2021-2022 pp. Ha EpacTtiBchbKii
nocmigaii cranmii AY I3K HAAH, sixa posramoBana y IliBaiunomy Crenmy Ykpainu. KmiMaTt 30HH po3-
MilIeHHS JOCTiTHOI CTaHIii TOMipHO-KOHTUHEHTAIBHHUM, XapaKTepU3y€eThCs MOCYIUTMBICTIO Ta HECTIHKUMHU
YMOBaMH 3BOJIOXKEHHS. [PYHTOBMI TOKPUB JOCHIIHUX ALIAHOK — YOPHO3EM 3BHYAWHHMN MalOTyMyCHHH
BaXXKKOCYIJIMHKOBUH. BMicT rymycy B opHomy miapi rpyHTY (0-30 cm) ctanosuts 4,0—4,5 %, 3aranpHOro
aszoty — 0,23-0,26 %, dochopy — 0,11-0,16 %, kanito — 2,0-2,5 %, pH Boanoi Butsikku — 6,5-7,0. Hocmin
3aKJIaJalv MICHs MTOTIePEAHNKIB TIIEHUIS 03MMa Ta KyKypy/I3a Ha 3epHO Ha (DOHI BHECEHHS ITiJl IEPEIIOC] B-
Hy KYJIBTUBAIiI0 MiHepanbHUX N0OpHB y 103X N3oP30Ksp Ta NysP4sKys. Bupomrysanu ropox BycaToro mop-
¢omnoriunoro tumy copty ['aligyk cemekuii [HcTuTyTy pocnuuuunTBa iM. B. S1. FOp’eBa 3 HOpMamu BHCIBY
1,2; 1,4; 1,6 Ta 1,8 MIIH CXOXOT0 HaciHHS/Ta. ATrpOTEXHIKa y JOCHiZl — 3araJbHONpPUNHATA JIS 30HU.
Pe3yabTaTu. Hopma BHCiBY HacCiHHS Ta piBEHb MiHEPATHHOTO XUBJICHHS POCIHH 32 CiBOM MICIISA PI3HHUX TIO-
MEPEeAHNKIB CYTTEBO BIUIMBAJIM HA €JIEMEHTH CTPYKTYPU BPOXKAar0 Ta BPOXKAWHICTH 3epHa TOpoxy copTy [ aii-
IOyK. Y cepelHbOMY 3a ABa pokH HociikeHs (2021-2022) BHeceHHS MMiJ] MEpeaNoCciBHY KyJIbTHUBALIIO MiHE-
panpHEUX M00pHB Y 11031 NysP4sKys, mopiBaIHO 3 hoHOM N3pP3pK3g, 320e3meunio migBuIIeHHsT BpOXKaHOCTI
3epHa TOpoxXy copTy laiiayk micns momepemnHrka KyKypyzasa Ha 3epHo Ha 0,18—0,51 T/ra, micis mmeHUI
o3umoi — Ha 0,16—0,32 T/ra 3a1e:KHO BiJi HOPM BUCIBY HACiHHS, SIKi TOCIIHKyBaIHCh. BUCHOBKH. Y TeXHO-
Jorii BUpOILyBaHHs ropoxy copty ['aliayk monepenHuku (MIISHUIS 03MMa Ta KyKypy/3a Ha 3€pHO) BUSIBU-
JTUCh Maibke PIBHOZHAYHMMH 32 YMOB BHKOPHCTAHHS TEPEINOCIBHOIO BHECEHHsS MiHEpalIbHHX JOOpUB
NysP4s5K45 Ta HOpMHE BUCiBY 1,4 MITH CX0KOTO HACiHHSI/Ta, IO JIa€ 3MOTY PEKOMEH/TYBATH iX I BAKOPHCTAHHS
y ciBo3MiHax 30HH [liBHiyHOTO CTemy Ykpainu.

Knwuogi cnosa: 2opox, nonepeonux, ¢hon y0oopenns, Hopma Uciy HACIHHA, eleMeHmU CMpPYKmypu
8P0#CAI0, NPOOYKMUBHICIb POCIUH, YPOUCAUHICMb 3epHA
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