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THE INFLUENCE OF TILLAGE AND FERTILIZATION SYSTEMS ON MOISTURE AVAILABILITY
AND PRODUCTIVITY OF SUNFLOWER IN THE WESTERN FOREST-STEPPE OF UKRAINE

M. H. Furmanets', Yu. S. Furmanets', I. Yu. Furmanets®
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Topicality. Sunflower is a climate-demanding crop that requires a significant moisture availability
during the growing season. This crop requires the development of adaptive components of technology in
accordance with the soil and climatic conditions of the region. Problem definition. Under high anthropo-
genic pressure, the water regime of the soil can deteriorate significantly; therefore, resource-saving cultiva-
tion technologies should be developed based on optimising tillage methods using straw and other non-
commodity parts of the harvest as fertiliser, which ensure the accumulation and most rational utilisation of
moisture. Purpose. To establish the influence of tillage and fertilization systems with the use of by-products
on moisture availability and productivity of sunflower in crop rotation of the Western Forest-Steppe of
Ukraine. Materials and Methods. Long-term stationary experiment. Tillage systems (ploughing at a depth of
25-27 cm, disking at 15-17 cm and 10-12 cm with periodic deep loosening at 35 cm). Fertilisation systems:
1) without by-products; 2) by-products; 3) by-products + N;, (@ammonium nitrate) per 1 ton. The reserves of
productive moisture were determined by the thermostatic weight method at two stages (seedlings, full ripe-
ness). Results. The highest reserves of productive moisture (140.7-144.0 mm) in the 0-100 cm soil layer at
the sunflower seedling emergence were observed in the variant of ploughing with different use of by-
products. At full ripeness stage of sunflower, the reserves of productive moisture in all variants were ex-
hausted and significantly decreased in the upper 0-20 cm soil layer to 7.3-11.4 mm and in the one-metre
soil layer to 77.2-104.6 mm. The highest seed yield of sunflower was 2.15-2.42 t/ha in the variant of
ploughing with different use of by-products in the fertilisation system, and the lowest yield was 1.68—
2.02 t/ha in the variant with disking at 10-12 cm depth. The introduction of by-products and by-products +
Ny in the fertilisation system under different tillage systems contributed to an increasing of sunflower seed
yield to 2.08 and 2.23 t/ha, respectively. Conclusions. The influence of tillage systems and fertilization with
by-products on the moisture availability of sunflower crops in the conditions of the Western Forest-Steppe of
Ukraine was established. The reserves of productive moisture under sunflower crops decreased by
39.4-57.7 mm in the one-metre soil layer during the harvesting period compared to the beginning of the
growing season. The use of by-products in the fertilisation system in sunflower cultivation technology in-
creased the reserves of productive moisture in the 0—100 cm soil layer by 8.4-14.1 mm during the growing
season, compared to the variants without by-products. The positive influence of tillage and fertilization sys-
tems on the structural elements of the sunflower crop was determined.
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Introductions. Given climate change and
lower soil moisture levels, agrarians are trying
to find ways to increase yields even under such
conditions. One of the main ways is to select the
most effective soil tillage system. At the same
time, agriculture is faced with the need to transi-
tion to new rational crop cultivation technolo-
gies, which widely use the principle of minimiz-
ing technological operations and introduce ele-
ments of organic farming using straw and other
non-marketable parts of the harvest as fertilizer,
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in addition to mineral fertilizers [1, 2].

The formation of optimal moisture re-
serves available to plants is the main factor limi-
ting the high productivity of agricultural crop
phytocenosis. A sufficient level of moisture sup-
ply to plants creates conditions for the more
complete utilization of their potential, which
manifests itself in the formation of highly pro-
ductive crops [2-4].

Global warming is causing a redistribution
of cultivated areas, with an expansion in the cul-
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tivation of drought and heat resistant crops such
as sunflowers. Sunflower cultivation is becom-
ing widespread without in-depth scientific justi-
fication and is risky in terms of soil require-
ments and moisture supply. This crop requires
the development of adaptive technologies in
accordance with the soil and climatic conditions
of the region [5]. Conventional cultivation tech-
nologies require improvement in the new condi-
tions in order to save resources and increase the
profitability of grain production. This can be
achieved by minimizing primary tillage and
replacing moldboard plowing with non-
moldboard plowing [6, 7].

Soil tillage affects the structure and physi-
cal properties of the arable layer (it creates a
favorable water regime and good conditions for
biological processes, which leads to the accu-
mulation of nutrients necessary for plant
growth), and carbon dioxide is removed from
the soil, which improves plant photosynthesis
and controls weeds, pests, and diseases [8].
Turning over the arable layer affects the redis-
tribution of nutrients enriched with available
nutrients throughout the arable layer due to the
upper part, resulting in an increase in overall
soil productivity. However, this process can be
destructive, as when the moist layer is turned
over to the soil surface, it dries out quickly. Ac-
cording to scientists of the Institute of Oil Crops
of NAAS of Ukraine, the best biometric indica-
tors and the highest seed yield (3.45 t/ha) were
obtained with moldboard plowing to a depth of
20-22 cm, and with non-moldboard plowing to
the same depth — 0.24 t/ha less [9, 10].

Sunflowers have a highly branched tap-
root system that penetrates the soil to a depth of
120-300 cm. The plant is demanding in terms of
moisture, although it is quite drought-resistant.
Sunflowers consume large amounts of water
during the growing season. Sunflowers consume
1.5-2 times more water per unit of dry matter
than grain crops, especially in dry years [11,
12]. The yield of sunflowers depends largely on
soil moisture reserves, which are necessary for
seed germination, transpiration, thermoregula-
tion, the absorption of nutrients by the plant,
and its proper functioning throughout the grow-
ing season. Moisture reserves accumulated be-
fore the formation of inflorescences are of para-
mount importance. Sunflowers consume up to
25 % of moisture before the formation of flower
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buds, a quarter of what they consume during the
growing season, 40-50 % — from the formation
of flower buds to flowering, and 3040 % —
from flowering to ripening [13-15].

Sunflowers consume moisture from seed-
ling to flower bud formation from precipitation
and from the 0—60 cm horizon. After flower bud
formation, water consumption occurs mainly
from reserves located below 40-60 cm, even in
wet years. Sufficient moisture supply of sun-
flowers during the flowering and seed filling
stages (critical period) is crucial for the for-
mation of a full-fledged harvest. Insignificant
moisture reserves remain in the soil during the
period from flowering and ripening period. In
most years, these reserves are insufficient, cau-
sing plants that ripen prematurely and produce
thin seeds with low oil content. Therefore, it is
necessary to determine the conditions favoura-
ble for the growth and development of sunflow-
er plants, moisture supply processes, and har-
vest formation [16, 17].

Sunflower is a highly demanding crop in
terms of soil fertility. The total nutrient removal
with a seed yield of 2.0-2.5 t/ha is 120-
140 kg/ha of nitrogen, 50-65 kg/ha of phospho-
rus, and over 300 kg/ha of potassium. The level
of nutrient consumption depends on many fac-
tors, including the dates and methods of fertili-
zer application, moisture supply, weather condi-
tions, and the genetic characteristics of the vari-
ety or hybrid. Maintaining high agroecosystem
productivity in conditions of scarce technogenic
resources requires compensating for them by
using by-products in crop fertilisation [18, 19].
According to research results, the application of
mineral fertilisers contributed to an increase in
the yield and quality of sunflower seeds and
ensured the formation of seed yields at 3.5—
4.5 t/ha, with a high oil content of 49-52 % [20].

Given current production conditions, max-
imising sunflower productivity is only possible
when all agrotechnical methods appropriate for
a specific area are followed. So, we need to
know how agrotechnical factors affect sunflo-
wer moisture supply and yield formation.

The study was aimed at determining the
effect of soil tillage and fertilisation systems
using by-products on moisture supply and sun-
flower productivity in crop rotation in the West-
ern Forest-Steppe of Ukraine.

Materials and Methods. The study was
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conducted at the Institute of Agriculture of the
Western Polissia of NAAS of Ukraine in a long-
term stationary experiment in a four-field short-
term crop rotation: winter wheat — soybeans —
maize — sunflower. The experiment studied
three soil tillage systems: ploughing to a depth
of 25-27 cm, disking to a depth of 15-17 cm,
and disking to a depth of 10-12 cm. On variants
with disc tillage systems, periodic deep loose-
ning to a depth of 35 cm was carried out using a
HRU-2.7 deep loosener after 2 years in the crop
rotation. Ploughing for sunflowers was carried
out using a PLN-3-35 plough, and disking using
an AH-2.4-20. The experimental design inclu-
ded three fertilisation systems: 1) no by-pro-
ducts; 2) by-products; 3) by-products + Ny (am-
monium nitrate) per 1 tonne of winter wheat by-
products. The by-product yield was 7.0-8.0 t/ha.
The experimental plot soil is dark grey
podzolised with a humus content of 1.9 % in the
0-20 cm layer, mobile forms of phosphorus and

potassium (according to Kirsanov) of 254 and
110 mg/kg, respectively, and easily hydroly-
sable nitrogen (according to Kornfield) of
87 mg/kg. The area of the registration plot was
100 m?, the experiment was repeated three
times. The crop cultivation technology was
standard. The mineral fertiliser rate (back-
ground) for sunflowers was N7oP3sKgo. Fertili-
sers were applied in the form of ammonium
nitrate, potassium chloride and ammophos. Pro-
ductive moisture reserves in the 0-100 cm soil
layer were determined by the thermostatic-
weight method on sunflower crops in two stages
(sprouting, full seed ripeness) in all variants of
the experiment in two non-contiguous repetitions.

Hydrothermal conditions during certain
periods of sunflower plant development devia-
ted from the long-term average and affected the
productive moisture reserves in sunflower crops
(Table 1).

According to data from the Rivne Oblast

Table 1. Weather conditions, 2022—2023

Years - Month
April | May | June | July | August | September
Average daily air temperature, °C
2022 6.4 13.2 19.5 22.8 17.8 12.4
2023 11.6 15.8 19.6 21.6 17.9 14.8
Long-term average 9.0 145 19.5 22.2 17.8 13.6
Total precipitation, mm
2022 104.9 66.2 58.5 91.7 134.2 108.9
2023 33.9 28.7 115.0 162.7 69.6 60.4
Long-term average 69.4 47.5 86.7 127.2 101.9 84.6

Center for Hydrometeorology, July is the hottest
month, with an average monthly air temperature
of 22.2 °C. According to long-term average data,
517.3 mm of precipitation falls during the active
growing season. The highest amount of precipita-
tion falls in July — 127.2 mm.

Results and Discussion. Determination of
the dynamics of productive moisture content in
the soil under sunflowers shows that moisture
accumulation in the soil depended on tillage and
fertilisation systems using by-products. The
average productive moisture reserves in the
spring during the sprouting period in a one-
metre layer of soil over the years of research
were: after ploughing — 130.9-144.0, disking at
15-17 cm — 131.5-132.6, disking at 10-12 cm —
132.3-141.7 mm (Table 2).

At the time of sunflower seedlings emer-
gence, higher reserves of productive moisture
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(140.7-144.0 mm) were observed in the 0-100 cm
soil layer in the ploughing variant with different
use of by-products.

The productive moisture reserves in the
variants of disking at 15-17 cm and 10-12 cm
with the use of by-products and mixture of by-
products + Njo were 132.6 and 132.3-141.7 mm,
respectively, in the one-metre soil layer and did
not differ significantly compared to ploughing.

Soil moisture evaporated during plant
growth and development. During the sunflower
harvest period, productive moisture reserves
were depleted in all variants and decreased sig-
nificantly in the upper 0-20 cm soil layer to
7.3-11.4 mm and in the one-metre soil layer to
77.2-104.6 mm. In the variants with disc tillage
systems and the use of by-products in the fertili-
sation system, the accumulation of moisture in
the one-metre layer of soil was observed to be
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Table 2. Dynamics of productive moisture reserves in the soil under sunflowers
depending on soil tillage and fertilisation systems, mm

- I Year Average
Soil tillage Fertilisation | Layer, 2022 2023
(factor A) (factor B) cm sprout- harvest— sprout- harvesting| sprouting | harvesting
ing ing ing
no 0-20 18,0 7,3 27,4 10,9 22,7 9,1
_ by-products | 0-100 | 106.6 | 129.5 | 155.2 25.0 130.9 77.2
af'z‘g‘_gzh;r(‘:gm withby- | 020 | 231 | 78 | 202 9.4 21.6 8.6
products | 0-100 | 134.0 | 138.3 | 154.0 34.0 144.0 86.1
by-products | 0-20 29.8 10.2 24.2 11.8 27.0 11.0
+ Ny 0-100 | 139.9 | 136.7 | 1414 46.7 140.7 91.7
Disking no 0-20 28.2 11.4 18.4 10.2 23.3 10.8
at 15-17 cm | by-products | 0-100 | 137.2 | 1224 | 1259 48.8 1315 85.6
with periodic |  with by- 0-20 26.5 7.6 17.3 8.2 21.9 7.9
deep loosen- | products | 0-100 | 1365 | 1334 | 1287 65.8 132.6 99.6
ing by-products | 0-20 23.9 7.9 17.0 9.1 20.4 8.5
at 35 cm +Nio 0-100 | 1448 | 1384 | 1195 | 708 | 1311 | 1046
Disking no 0-20 25.4 12.2 23.9 10.6 24.6 11.4
at 10-12 cm | by-products | 0-100 | 1317 | 129.1 | 136.1 51.9 133.9 90.5
with periodic with by- 0-20 25.0 9.6 14.2 6.4 19.6 8.0
deep loosen- products 0-100 | 1322 | 1336 | 1325 52.8 132.3 93.2
ing by-products | 0-20 27.8 9.1 23.4 5.5 25.6 7.3
at 35 cm + Ny 0-100 | 1403 | 144.1 | 143.2 60.1 141.7 102.1
0-20 1.1 0.9 18 1.2 15 0.9
Factor A 0-100 | 21 17 26 1.9 23 18
Factor B 0-20 1.4 15 15 1.9 1.2 1.0
LSDos 0-100 2.4 2.7 1.8 15 2.1 1.9
_ 0-20 1.2 1.3 0.6 0.8 15 1.3
Interaction AB 0-100 | 21 2.2 1.9 2.0 2.2 18

higher than in the variants with ploughing. The

highest productive moisture reserves in the one-

metre soil layer during the sunflower harvest
period were recorded for the 15-17 cm and 10—
12 cm disking variants with different use of by-

products, and amounted to 99.6-104.6 mm and

93.2-102.1 mm, respectively.

It was established that the use of soil til-

Table 3. Sunflower yield depending on soil tillage and fertilisation systems, t/ha

lage and fertilisation systems ensured an in-
crease in sunflower yield on average for 2022—
2023 (Table 3, Fig. 1).

Year Average by factors
= factor A factor B
RSB

Soil tillage Fertilisation %8 52 S e
factor A factor B = o % S k=) ® S
(factor A) ( ) 2022|2023 | €S| 5 | €8 | B |28
<Y > |1 8| > | 8¢
o o
H = + =

1 2 3 4 5 6 7 8 9

Ploughing no by-products 227 | 203 | 215 1.89 -
at 25-27 cm by-products 238 | 214 | 226 | 2.28 - 201 | 0.12
by-products + Ny 255 | 229 | 242 223 | 0.34
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Table 3 continuation

1 2 4 |5 6 7 8 9
Disking no by-products 193 | 1.77 | 1.85
at15-17.cm by-products 219 | 1.91 | 2.05
with periodic 2.05 | -0.23
deep loosening by-products + Ny 2.36 | 2.14 | 2.25
at 35 cm
Disking no by-products 1.82 | 1.54 | 1.68
at 10-12 cm by-products 210 | 174 | 1.92
with periodic 1.87 | -0.41
deep loosening by-products + Ny 223 | 196 | 2.02
at 35 cm
LSDgs 0.15 | 0.09 0.09

The highest yield was observed in the var-
iants with ploughing and disking at 15-17 cm
with different use of by-products and amounted
t0 2.15-2.42 and 1.85-2.25 t/ha, respectively. It
was found that ploughing increased yields by
0.23 and 0.41 t/ha compared to disking at depths
of 15-17 and 10-12 cm.

The study found that the minimum sun-
flower yield of 1.68 t/ha was obtained in the

Yield, t/ha

variant without by-products at 10-12 cm disk-
ing, and the maximum vyield of 2.42 t/ha was
obtained in the ploughing variant with the use of
by-products + Nig. The indicators of yield at-
tributes depended to a certain extent on soil till-
age and fertilisation systems. In particular, their
influence on the diameter of the sunflower head
and seed weight was noted.

The average diameter of the sunflower

2,25

Opanka 25-27 cm

JuckyBanHs Ha 15-17 cm
3 TIEPIOTUIHUM TITUOOKUM
pO3MyIlIeHHIM Ha 35 cM

HuckyBanns Ha 10-12 cm
3 TIEPIOIUIHUM TITHOOKUM
pO3MYIIECHHIM Ha 35 cM

Soil tillage

B 6e3 mobigHOT MPOAYKIIii

Elmo6ivyHa IpOayKITis

Bno6ivna npoxykiis + N

Fig. 1 The effect of tillage and fertilisation systems on sunflower yields,
average for 2022-2023 p.

head increased under tillage and fertilisation sys-
tems with different use of by-products: from 20.0
to 21.0 cm under ploughing, and from 19.8 to
20.5 cm under disking at a depth of 15-17 cm.
In the ploughing and disking variants with the
use of by-products + Njg, the seed weight in-
creased to 47.6 g and 46.3 g, respectively.
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Conclusions. The effect of soil tillage and
fertilisation systems with the use of by-products
on the moisture supply of sunflower crops in the
conditions of the Western Forest-Steppe of
Ukraine was established. Productive moisture
reserves during the sprouting period were
130.9-144.0 mm in the one-metre soil layer,
depending on soil tillage and fertilisation sys-
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tems. Sunflower crops used moisture most ef-
fectively when ploughing and disking at a depth
of 15-17 cm were carried out. The use of by-
products in the fertilisation system contributed
to a more rational utilisation of productive moisture.

The highest and statistically reliable sun-
flower grain yield of 2.15-2.42 t/ha was ob-
tained in the variant with ploughing and differ-
ent use of by-products in the fertilisation sys-
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3epnosi kynemypu. 2024. 8 (2). 310-316.

1 . . . . . . o .
Incmumym cinbcokozo eocnodapemea 3axionozo Ilonicca HAAH, eyn. Pienencoka, 5, c. Illyokis, PigneHncoKkuili patiow,
Pignencora obnacme, 35325, YVrpaina
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Jlvsiecoruil Hayionanvhul yHigepcumem imeni Ieana @panxa, eyn. Yuieepcumeywka, I, m. Jlveig, 79000, Yxpaina

AxTtyaibHicTb. COHSIIHUK € KYJIBTYpOIO BHMOTJIMBOIO JI0 KIIIMAaTHUYHHX YMOB 1 BUMAarae 3Ha4HOI
KUJIBKOCTI BOJIOTH B Tiepion Bererailii. CaMe HAKOMMMYCHHS BOJIOTH € 3allOPYKOK OTPUMAaHHS BUCOKHX BPO-
*aiB, TOMy TEXHOJIOT14HI PUIOMH MalOTh OYTH CIpsSMOBaHi Ha 30€peXCHHS BOJIOTH B IPYyHTI. Bu3HaYeHHs
npo6Jemu. [Ipu BUCOKOMY aHTPOIIOTEHHOMY HaBaHTa)KCHHI BOAHUI PEXXUM IPYHTY MOKE 3HAYHO MOTIipIIy-
BaTHCA, TOMY HEOOXiTHO po3poOIsITH pecypco3depirarodi TeXHOIOTii BUPOIyBaHHS, sIKi 0a3yIOThCsl Ha OII-
TAMIi3amii MpUoMiB 0OPOOITKY IPYHTY 3 BUKOPUCTAHHSM SIK JOOPHBA COJIOMH Ta iHIIIOT HETOBApHOI YaCTHHH
BpOXKalo, 0 3a0e3Meuy0Th HAaKOMMYEHHsI 1 HalOLIbIN pamioHansHe BUKOPUCTaHHS Bosorn. Mera. Berano-
BUTH BIUIUB CHUCTEM OOpOOITKY I'PYHTY Ta YAOOpPEHHS 3 BUKOPHUCTAHHSM MOOIYHOI MPOAYKIii HA BOJIOT03a-
Oe3MedueHiCTh 1 MPOMYKTUBHICTh COHSIIHUKY B ciBo3MiHi 3axigHoro Jlicoctemy Ykpainum. Martepiaan
i meToau. [loBroctpokoBuii cramionapamii gocmig. CucremMu oO6poOiTKy IpyHTY (opaHka Ha 25-27 cM, quc-
KyBaHHS Ha 15-17 cm i Ha 10—12 cm 3 mepioguyHUM TTUOOKHM po3mymieHHsIM Ha 35 cm). Cuctemu ynoo6-
pennst: 1) 6e3 nmo6iuHoi npoaykuii; 2) nobiuna npoaykuis; 3) mobdiuna npoaykuis + Nig (amiauna cemitpa) Ha
1 1. 3amacu MpOIYKTUBHOI BOJIOTM BU3HAYAIIUCS TEPMOCTATHO-BarOBUM METOJIOM y 2 CTPOKH (CXOJH, TIOBHA
CTHTIIICTh). Pe3yabTaTn. Buii 3anacu mpoayKTHBHOI BOJOTH y CEPEIHHOMY 33 POKU JOCIHIKEHb B IIapi
rpyaty 0—100 cM Ha yac CXOliB COHAIIHWKY BiJMiYaJld Ha BapiaHTI OpaHKa 3a Pi3HOTO BHKOPUCTAaHHS
no6iunoi mpoaykuii (140,7—144,0 Mm). Y TIOBHY CTHIJIICTh HACIHHSI COHSIIHHUKY Ha BCiX BapiaHTax 3armacu
MPOJAYKTHBHOT BOJIOTH BUYEPITYBAIUCS 1 IOMITHO 3HIDKYBaiucs y BepxaboMy 0—20 cm mmapi o 7,3-11,4 Mmm
i B MeTpoBOMY mmapi rpyHTy — 10 77,2—104,6 MmM. Haiibinbury BpoxkaifHiCTh 3epHa COHSIIHHUKA OJIEpyKaHO Ha
BapiaHTi OpaHKa 3a Pi3HOTO BUKOPWCTaHHS MOOIYHOI MpoAyKIii B cucteMi ypoOpeHHs — 2,15-2.42 t/ra, a
HWX4y 3a auckyBaHHS Ha 10—12 cm — 1,68-2,02 1/ra. BukopucTtansas B cucteMi YJ0OpeHHS MOOIYHOT mMpo-
nykii i mobiuHoi mpoaykiii + Njg 3a pi3HUX cucTeM 00pOOITKY TPYHTY CIIPHUSUIIO 3POCTAHHIO YPOXKaWHOCTI
HaciHHS coHsmHuKA 10 2,08 i 2,23 T/ra. BucHOBKH. BcTaHOBIEHO BIUIMB cHUCTEM OOpOOITKY IPYHTY Ta
yIOOpeHHS 3 BUKOPUCTAHHSAM TMOOIYHOT MPOIYKIlil Ha BOJIOr03a0e3eueHICTh MOCiBiB COHSIIHAKA B YMOBaX
3axignoro Jlicocreny YkpaiHu. 3amacy MPOAYKTHUBHOI BOJIOTH I COHAIIHWKOM 3HIKYBAJIUCS B IEpiof
30upanus Ha 39,4-57,7 MM B METPOBOMY IIapi TPYHTY, MOPIBHIHO 3 KUIBKICTIO 3aIllaciB BOJIOTH Ha MOYATKY
Bererarlii. 3acTocyBaHHs TOOIYHOI MPOAYKIIT B CHCTEMI YAOOPEHHS y TEXHOJIOTI] BUPOIYBaHHS COHSIITHMKA
301IBIIYBaIO 3amacy MpoayKTHBHOL Bosiord B 0—100 cM mrapi rpyHTy npoTarom BereTanii Ha 8,4—14,1 mm,
MOPIBHIHO 3 BapianTamMu 0e3 MoOiYHOT MPOAYKITii.

Kniouosi cnoea: consunux, 00pooimox ipynmy, y0ooperHs, npooyKmMueHa 80102a, YPOICAUHICIb
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