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ABSTRACT

The relevance of research is connected with the effective use of drained land in
the face of climate change. Goal. To determine the optimum fertilizer system and to
study its effectiveness on the fertility of sod-podzolic soil in short-term rotation:
soybean — winter wheat — sunflower — buckwheat. Methods. Research was conducted
in the field and performed within the framework of the three-year experiment. Yield
was calculated by weighing method. The humus balance in the soil was performed
according to the method of Lykov (1976). Results. During the vegetation periods of
2016-2019, the sunflower was the least responsive to the soil-air drought, which, on
the recommended standard NeoPsoKgo background, combined with 40 t/ha of manure
and the increased rate NgoPgoKi3s and 4.0 tonnes of precursor by-products provided
seed yield levels 2.3 and 2.4 t/ha respectively. The maximum harvest produce from 1
ha of crop rotation area is marked on a raised background (Ne:PssKgs + 3.3 tonnes of
by-products) — 3.20 tonnes of grain units. Conclusions. An alternative fertilizer
system (replacement of 10 tons of manure per 1 ha of arable land by 3.3 tons of by-
products on the mineral fertilizers background) provided a positive balance of
nutrients and humus in short-term rotation. Prospects. Further scientific studies
expect to reduce the amount of phosphorus and potassium fertilizers that provided by

the by-products plowing of all crops in rotation.
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INTRODUCTION
Polissia zone is characterized by the predominance of sod-podzolic gley soils.

Most of them are drained. Poor work of drained reclamation systems and climate
changes allow to grow market crops which are not typical for this region (Savchuk et
al., 2018). Therefore, the significance of the given research is in the development of
an optimum crop fertilizer system in order to preserve the fertility of the drained soil.

Analysis of recent research and publications. A large number of scientists in all
countries are studying the effects of different fertilizing systems on soil and crop
yield. Both doses of fertilizers and their combining or mix are investigated. The
positive result of the combination of mineral and organic fertilizers is proved (Chen
Lin et al., 2020; Guo et al., 2020; Chen Jen-Hshuan, 2006; Shah, Mohammad &
Shafi, 2015). Some studies show the effective use of mineral fertilizers in the amount
of Neo Pso Kso In combination with manure, which increased the productivity of
winter wheat by 19 — 23% (Pashkova, 2019). It is also proved that application of
unbalanced composition of mineral fertilizers reduces the efficiency of their use in
several times and limits the impact of fertilizers on poor soils for increasing of yield
(Bindraban et al., 2015). Considerable importance providing scientists study the
Impact of organic residues to increase soil fertility, that according to some studies
have a positive effect (Bandick, Dick, 1999; Bhardwaj, 2014; Sanchez de Cima, Luik
& Reintam, 2015). However, the crop rotation factor is crucial in the development
and application of a particular fertilizer system.

Transition to short crop rotation takes place under conditions of reforms in
agriculture. Therefore, an important task of today is the development and
implementation of high yielding crop rotations with a small set of crops which are in
high demand in the market, correspond to the optimal structure of agriculture and do
not spoil soil fertility (Yeshchenko, 2015; Boiko, Kovalenko & Opara, 2014; (New
Zealand Climate Change Office NZCC, 2017).



To increase in crop rotation of legum crops makes it possible to efficient use
their by-products as organic fertilizers. It is proved that today soy is one of the main
leguminous crops, which determines the reliable level of vegetable protein
production. Plant breeders have created a new generation of short-season varieties
adapted to Polissia conditions, so the soybeans have good prospects to increase their
further production (Kaminskyi, 2015). Correct location in sunflower rotation is also
of great importance. Different scholars have their own opinion as to the minimum
allowable period for returning this culture to its previous location. The scientists and
agriculturers are not ambivalent about this interval duration, and consequently they
also have different opinion about maximum sunflower rotation. The overwhelming
majority of scientists concerned with this problem believe that sunflower should
return to its previous location no later than in 7-8 years. At the same time, some
scientists have argued that this interval can be much shorter, given that modern
hybrids and sunflower varieties have 100 percent carcinogenicity, and high resistance
to lupus and disease (Khomiak & Andriichenko, 2013).

The purpose of research is to determine the optimal fertilizer system for drained
sod-podzolic soil for crops nutrient providing by replacing litter manure with local
organic materials in combination with environmentally balanced doses of mineral
fertilizers and for improving the productivity of short-term crop rotation and preserve
the fertility of analyzed soil.

MATERIALS AND METHODS

The given research has been conducted at the experimental site of Institute for
Agriculture of Polissia NAAS (IAP NAAS), located in Korosten district of Zhytomyr
region (v. Grozyne), on drained by tile drainage sod-podzolic sandy loam with
unilateral control of air and water regime. According to the reports of field research,
Department of Agriculture and Land Reclamation of IAP NAAS by 2016 the soil on
a research area is characterized by average humus level (1.27 %), total nitrogen
(0.063 %), labile phosphorus (84), exchange potassium (101 mg/kg of soil), pHsol.
(5.0), and hydrolytic acidity (2.25 mg—eq. per 100 g of soil).



In crop rotation fertilizer system provides: control (without fertilizers); by—
products (b/p); recommended rate (N41PssKes + 10 ton of manure); alternative
(N41PssKes + b/p); 1.5 times increased rate of mineral fertilizers (Ng2PssKos + b/p)
(Table 1). Recommended fertilizer rates have been used for the crops: winter wheat —
NesoPsoKso, sunflower — NgoPsoKoo, buckwheat — NysP4sKss, soybean — PgoKeo. A plot
of 28 m? was selected for the research. The main way of soil cultivating is plowing.
The varieties are soybean (Vorskla), winter wheat (Myronivska Yuvileina), sunflower
(Yason), buckwheat (Gloria). The humus balance was performed according to the
method of Lykov (1976).

RESULTS AND DISCUSSION

Results and discussions. One of the important conditions that influence the
obtaining of constant crops on drained soils is optimal moisture of their soil during
crop season.

Data from the reports of the Department of Agriculture and Land Reclamation
of IAP NAAS on the observations conducted during 2016-2019 on the dynamics of
soil moisture reserves point to increase of moisture deficit by the beginning of
summer. If, at the beginning of spring field work, soil moisture levels were 150-180
mm, then by mid-summer they reduced to a critical level. The lack of moisture under
high air temperature condition led to groundwater level decrease to 2.5-3 m.

On average, over the years of observations, the yield on fertilized plots by
soybeans, winter wheat, sunflowers and buckwheat increased by 0.39; 1.20; 0.65;
0.39 t per 1 ha, depending on the fertilizer system (Table 1).

Table 1. Crop yield capacity (ton/ha) and rotation (ton of crop varieties)

depending on fertilizer system (in average for 2016-2019)

B Rotation crops Yield of cr. var., ton per
Fertilizer system

soybean|winter wheat sunflower |buckwheat 1 ha of crop rotation area

Without fertilizers 1.18 2.44 1.50 1.19 2.11

2.0 ton b/p 1.25 2.82 1.75 1.22 2.33

10 ton of manure +
Na41PseKea

1.42 3.53 2.30 1.54 2.98




2.9 ton b/p + NaiPssKes | 1.44 3.67 2.10 1.41 2.80

3.3ton b/p + Ne2PesKes | 1.64 4.02 2.40 1.61 3.20

HIPos, ton/ha 0.12 0.32 0.18 0.14 0.28

Note: b/p is by-product; cr. var. is crop varieties

Our studies have indicated the highest wheat yield capacity was observed on the
raised background (NgoPgKgy) in combination with by-products. Under such
conditions grain yield was 4.02 ton/ha.

Sunflower was least affected by the lack of moisture. During four years of
research, seed yields were almost stable: from 1.32-1.65 ton/ha in control to 2.12—
2.72 ton/ha under conditions of high dose of mineral fertilizers in combination with
by—products from previous crops.

Using the recommended fertilizer doze (NsoPsoKgo) in combination with winter
wheat straw 2.1 ton/ha of seeds were obtained. A significant increase in productivity
was admitted after applying NeoPsoKgo fertilizer against 40 ton/ha of manure — 2.3
ton/ha. That is, in terms of efficiency, manure had an advantage over by-products.
The increased doze of fertilizer NgoPgoKiss adding straw and the recommended
fertilizer NeoPsoKgo With manure, in terms of the influence on seed vyield, were
equivalent (increment within the least significant difference).

According to the data for crop yields from Table 1, the overall crop rotation
productivity with a part of winter wheat and sunflower (25% each) was relatively
low. Under control, the yield of grain units per 1 ha of crop rotation area was 2.11
tons, in biological option it was 10.4% more. The highest yield was recorded as 3.20
tons of grain units applying Ne2PssKgs + b/p, which is 7.4% more than under using 10
tons of manure + Ny1Ps6Kea.

It is known that one of the most important soil protection functions of rotation
and conditions of its consistently high efficiency, along with optimization of nutritive
regime is the creation of a deficit-free balance of humus and nutrients. Therefore, one

of the goals of our research was to study the conditions of soil fertility preservation



using mineral fertilizers and the involvement of biological nitrogen of legumes and
by-products into the cycle.

We have conducted design analysis of humus balance (Lykov, 1976; Zozulia et
al., 1986) and it has revealed that in crop rotation under condition of unfertilized soil
there is a sharp decrease in soil fertility — humus losses are 430 kg/ha per year. The
plowing of all by-products into the soil contributed to the deficit—free balance of
humus, the accumulation amounted to very little — 40 kg/ha (Table 2).

According to the results of scientific studies (Zozulia, 1986) it has been
established that positive humus balance should be at the level of 300-800 kg/ha. This
increase provides enhanced soil reproduction and fertility boosting.

In the context of the recommended doze of mineral fertilizers (N4;PssKes) and 10
tons of manure per 1 ha of crop rotation area (straw was removed from the field),
humus growth was 100 kg/ha. Substitution of manure for alternative sources of
organic matter (by-products of crops, legumes and oilseeds) contributed to a more
active accumulation of humus in the soil (210 kg/ha), which ensures simple
reproduction of its fertility.

All by-products under conditions of higher NPK than normal contributed to the
increase of biomass output and the inflow of plant residues. Consequently, the annual
accumulation of humus increased to 350 kg, which provides enhanced soil

reproduction and fertility boosting.

Table 2. Balance of nutrients and humus in soil (0-20 cm layer) depending on

crop rotation fertilizing system (in average for 2016-2019)

_ o Balance, kg per 1 ha of crop rotation area
Crop rotation fertilizing system i :
humus nitrogen phosphorusy potassium
without fertilizers -430 —48 -20 -58
2.0 ton of b/p 40 -28 -16 11
10 ton of manure + N41PseKeas 100 27 56 97
2.9 ton of b/p + Na1PssKeas 210 2 36 47
3.3 ton of b/p + Ne2PgsKos 350 6 72 75




Besides, the measure of soil fertility is a balance of the most important nutrients
— nitrogen, phosphorus and potassium.

The quantity of nutrients carried out by the crops characterizes its economic
yield, which in all cases is less than biological. This is because the part of nutrients
contained in root residues is not taken into account when determining economic
yield, since it remains in the soil as organic by-products.

We have only calculated the economic nitrogen balance, that is, the balance in
the system of ‘plant — fertilizer’, taking into account the nitrogen fixation coefficients
of legumes and not taking into account changes in the total nitrogen content in the
soil, which is determined in the long-term observation cycle.

Besides nitrogen losses from crops, gaseous losses of nitrogen from mineral and
organic fertilizers, as well as fluviraption beyond the soil profile by downstream
waters have been taken into account. Biological nitrogen, which is fixed by legumes
from the atmosphere, gains from organic and mineral fertilizers, rains and seeds have
been determined as beneficial.

As a result, without mineral fertilizers, a negative nitrogen balance has been
achieved: under control it amounts 48 kg; in case of by-products — 28 kg per 1 ha of
crop rotation area. The deficit—free balance is noted if by-products are used within the
limits of the recommended and increased NPK dose. A positive nitrogen balance of
over 27 kg per year is achieved when 10 tons of manure in combination with the
recommended NPK dose are used as soil fertilizers. The balance intensity in this case
Is 122%, which exceeds the regulatory requirements.

According to literary sources (Zozulia, 1986), in order to create an active—
positive balance of nutrients and significantly increase the fertility of sod-podzolic
soils, the soil of Polissia should correspond to the following correlation of nutrients:
nitrogen — 105-110%, phosphorus — 200-260%, and potassium — 120-150%.

As to phosphorus and potassium, their deficit under control is 20 and 58 kg,
respectively. The use of by-products has not totally compensated their loss for main
products yield. Excess losses of phosphorus and potassium are compensated for

mineral fertilizers, manure and by-products. Under the recommended NPK doze and



straw, excess of phosphorus and potassium is 36 and 47 kg respectively, which in
relation to the losses is 222 and 158%, that is, close to the regulatory limits. And if 10
tons of manure is applied per 1 ha of crop rotation area, the intensity of phosphorus
and potassium (as well as nitrogen) balance exceeds the regulatory limits (294 and
214% respectively). Excess balance of phosphorus and potassium is also observed
when mineral fertilizer is 1.5 times increases its norm.

Increased levels of nutritional elements balance indicate nutrient imbalance.
Therefore, in further studies, it is necessary to review the rates of mineral fertilizers
in the direction of their reduction, provided the application of litter manure and high
rates of phosphorus and potassium.

Conclusions. The determinants of crops productivity and fertility of drained
sod-podzolic soils without water regime regulation are moisture supply during the
growing season and optimization of nutritive regime. An alternative to manure is by—
products plowing, which, in the context of moderate fertilizer rates, does not
significantly reduce crop productivity and provides a deficit-free balance of humus
and nutrients. Research has shown that the most noticeable enhance of crop
productivity was observed from a 1.5-times increase in the rate of mineral fertilizers
(Nes2PssKgs), which was combined with plowing of precursors by-products of 3.3t/
ha. This fertilizer system also has provided a positive balance of nutrients and humus
in short rotation, that is: for humus 350 kg per 1ha of crop rotation area, nitrogen,
phosphorus and potassium respectively — 6, 72, 75 kg per 1 ha.
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0. I. CaBuyk, A. O. Meabanuyk, O B. JIpeoor, A. I1. Kyapuk, O. B. 3y6oBa
BnuiuB cucteMu y1o0peHHs HA POJIOYICTh OCYIIYBAHOIO I€PHOBO—IiA30J1MCTOr0
IPYHTY B KOPOTKOPOTAWiiHIN CiBO3MIiHI

AHoOTaNisl. AKTyaJIbHICTh JOCIHIKEHb MOJAra€ B €PEKTUBHOMY BHKOPHCTAHHI
ocyumieHux 3emenb. Merta. BuszHauuTH onNTUMalIbHYy ~CHCTEMY  YIOOpEHHs
OCYIIYyBaHOTO JIEPHOBO-MIA30JIUCTOIO TIPYHTY Ta BHUBYMTU 1ii BIUIMB Ha HOro
POJAIOYICTh 32 YMOB BIPOBAIXKEHHSI KOPOTKOPOTAIIMHOI CIBO3MIHU: COSl — MIICHUIIS
O03UMa — COHSIIHUK — rpedka. Meroau. JlochmikeHHSI MPOBOAMINCH B IMOJHOBHX
yMOBaxX Ta BUKOHAaHI B MEXaxX 3aKJaJCHOr0 TPbOXPIUHOTO JOCHiAy. YPOXKalHICTh
MIIpaxOBaHO METOJOM 3BaXKyBaHHsA. bajlaHc rymycy B IPyHTI BHUKOHAaHO 3a
Meroankoo A. M. JlukoBa. Pe3ynpraTtu. Ynpoaosxk Beretariinux mnepioai 2016—
2019 pokiB HaliMeHILIE pearyBaB Ha IPYHTOBO-TIOBITPSIHY MOCYXY COHSIIHUK, KM
Ha (oH1 pexomeHoBaHOi HOpMU NeoPsoKgo cymicHo 3 40 T/ra MiACTUIKOBOTO THOIO
Ta migBumeHoi HOpMHU NgoPgoKiss 3 4,0 T moOiuyHOT MpOAYKINi MOMepeHuKa
3a0€e3MeurB ypokalHICTh HACIHHS Ha piBHI 2,3 1 2,4 T/ra BiAMOBIIHO. MakCUMaJIbHUI
30ip mpoxaykiii 3 1 ra ciBO3MIHHOI IUIONII BIAMIYGHMH Ha TMiABHUIICHOMY (oHI
(N62P84K96 + 3,3 T mo6iyHO1 mpoaykiiii) — 3,20 T 3epHOBUX OJUHUIL. BUCHOBKH.
AnbpTepHaTHBHA cucTteMa yaoOpeHHs (3amiHa 10 T rHoto Ha 1 ra puui mMoOGIYHOO
MPONYKIi€l0 B KimbkocTi 3,3 T Ha (oHl MiHepambHUX 100puB) 3abe3nednia
MO3UTHUBHUI OaNlaHC MOKMBHUX PEYOBUH Ta TYMYCY B KOPOTKOPOTAIIMHINA CIBO3MIHI.
[lepcnexTuBu. B momanbimx HayKOBHX JOCIHIKEHHSX TEpen0adacThCsl 3HMKEHHS
KUIBKOCT1 BHeceHHA (ocopHuX Ta KamiiHUX JIO0OpUB 3a yMOBH 3a0PIOBAHHS
MOOIYHOT MPOIYKIIIT BCIX KYJIBTYp CIBO3MIHHU.

Kuro4oBi cjioBa: ocyuieHi rpyHTH, IPOAYKTUBHICTb, POIOYICTb IPYHTY.

0. U. CaBuyk, A. A. Meabunuyk, O B. /Ipeoor, A. I1. Kyapuk, E. B. 3y6oBa



Biausinue cucrtemMbl y100peHusi HA MJIOA0PO/AHE OCYIIEHHBIX IEPHOBO—
MOA30JIMCTHIX MOYB NMPU KOPOTKOPOTALMOHHOM C€B00OOPOTE

AHHOTAIMS.

AKTyaabHOCTh HMCCIICIOBAHUN 3aKitodaeTcs B 3(PGEKTHBHOM HCIOIb30BAHUH
OCYIIICHHBIX 3€MeJIb B YCJIOBUAX U3MeHeHuWd kimmata. llens. Onpenenutsb
ONTUMHU3UPOBAHHYIO CHUCTEMY YyJAOOpEHUS U U3YYUTh €€ BJIUSHHE Ha IIJI0JI0POJIHE
JIEPHOBO—TIO/I30JIUCTOM TIOYBBI B KOPOTKOPOTAIIMOHHOM CEBOOOOpPOTE: COST —
NIIEHUIIa O3uMas — T[IOJICOMHEYHUK — rpeuynxa. Metoapl. HccnenoBanus
MIPOBOJIMJINCH B TTOJICBBIX YCJIOBHSX W OBUIM BBITIOJHEHBI B Tpeeax 3ajl0’KCHHOTO
TPEXJIETHETO OIBITA. YPOXKAWHOCTh OMNpPEAEIEHAa METOJOM B3BEIIMBaHUs. banaHc
rymyca B mouBe ObU1 paccuutaH no Mmeroauke A. H. JIbikoBa. Pesynbratel. B Teuenue
BereTanmoHHbIXx TeprogoB 2016—-2019 rr. meHbie pearupoBall Ha TOYBEHHO—
BO3JIYIIHYIO 3aCyXy IOJCOJHEYHUK, KOTOPbIA B (hOHE PEKOMEHJIOBAHHOW HOPMBI
NsoPsoKgo coBMecTHO ¢ 40 T/ra MOACTUIOYHOTO HaBO3a M ITOBBIIIEHHONW HOPMBI
NgoPooKiss ¢ 4,0 T mnoOoYHON TPOAYKIIMU MPEAIICCTBEHHUKA O0eCIeum
YPOXKaMHOCTh CeMsSH Ha ypoBHe 2,3 u 2,4 T/ra COOTBETCTBEHHO. MaKCHUMaJIbHbIN
coop mpoaykuuu ¢ 1 ra miomaau ceBooOOpOTa OTMEUEH Ha MOBBIIMICHHOM (oHE
(N62PssKos + 3,3 T moGounoit mpoaykiuu) — 3,20 T 3¢pHOBBIX €IUHHMII. BBIBOIBI.
AnbpTepHaTHBHAs cucTeMa yaoopeHus (3amena 10 T HaBo3a Ha | ra manrtHu moOOYHOMN
MpOJyKUKEeH B KoiaudecTBe 3,3 T Ha (poHE MUHEpaIbHBIX YH0OpeHui) obecneunia
MTOJIOKUTENIBHBIM OajaHC MUTATEIbHBIX BEIICCTB U T'yMyca B KOPOTKOPOTAIIMOHHOM
ceBooOopore. IlepcmextuBbl. B nmampHeMIIMX  HAYYHBIX  HCCIEIOBAaHUSIX
MPEANoJaraeTcsi CHI)KEHHE KOJIM4YecTBa BHeceHUsT (OocHOpHBIX U KATIMHUHBIX
yA0OpEeHU Mpy 3amaxuBaHUU TOOOYHON MTPOTYKIIUU BCEX KYJIBTYp CEBOOOOpPOTA.

KiaroueBble cjioBa. OCYHICHHLIC IMOYBLI, IPOAYKTHBHOCTD, IIJIOAOPOAUC ITIOYBEI.



