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Abstract. The findings of this study demonstrate that accurate assessment of the nutrient balance
in agricultural crops requires the determination of nutrient inputs to the soil through atmospheric
deposition and irrigation water. The results of studies conducted in different regions and on various
crop species indicate that atmospheric precipitation and irrigation water constitute important natural
sources contributing to the replenishment of soil nutrient reserves. According to the available
evidence, atmospheric deposition supplies the soil primarily with nitrogen in the form of ammonia,
as well as nitrate nitrogen, phosphorus, and potassium. The quantity of these nutrients varies
depending on annual precipitation, climatic conditions, seasonal variation, industrial emissions, and
other environmental factors. [rrigation water also plays a significant role in maintaining soil fertility
by supplying essential nutrients. In particular, potassium input through irrigation water has been
reported to be relatively high, ranging from 20 to 39 kg ha™! in numerous studies. The corresponding
inputs of nitrogen and phosphorus have been estimated at 2.8-3.8 kg ha™ and 0.9-1.4 kg ha™,
respectively. The results also indicate that the application of appropriate irrigation regimes and
modern cultivation technologies is essential for increasing the productivity of forage crops. The
cultivation of annual forage species contributes to alleviating feed shortages during the summer—
autumn period, while irrigation applied at the optimal time and in appropriate amounts promotes
normal plant growth and enhances crop productivity. Overall, atmospheric deposition and irrigation
water not only replenish soil moisture reserves but also supply the soil-plant system with essential
nutrients, including nitrogen, phosphorus, and potassium. In doing so, they play a crucial role in
nutrient cycling, the maintenance of soil fertility, and the improvement of agricultural crop
productivity. Therefore, nutrient inputs from atmospheric deposition and irrigation water should be
systematically considered when developing fertilizer management strategies.

AHHOmauuﬂ. Pe3yJILTaTLI HCCICAOBAaHUA IIOKA3bIBAKOT, 4YTO JJIA TOYHOM OLICHKHU Oananca
MMUTATEIbHBIX BEIIECTB B  CEIbCKOXO03SMCTBEHHBIX KYyJbTypax HCO6XOI[I/IMO OIPCACIINTDb
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MOCTYIUICHHE MUTATENbHBIX BELIECTB B MOYBY C aTMOC(EpHBIMU OCaJKaMH M TOJUBHOM BOJOM.
Pe3ynbTarhl nccnenoBaHuii, MPOBEIEHHBIX B PA3HBIX PETHOHAX U C YYacTHEM DPA3JIMYHBIX BHUJIOB
CEJIbCKOXO3SUCTBEHHBIX KYJIBTYP, CBUICTEIBCTBYIOT O TOM, YTO aTMOC(EPHBIC OCAIKU U TIOJTMBHASL
BOJIa SIBJISIFOTCS] BAXXHBIMU MPUPOIHBIMU UCTOYHUKAMH, CITIOCOOCTBYIOIIMMU BOCTIOJTHEHHIO 3aI1acoB
MUTATeNIbHBIX BelecTB B moyBe. CorjgacHO HMEIOIIUMCS JaHHBIM, aTMoc(epHble OcaaKu
00ecrneurBaoT MOYBY B OCHOBHOM a30TOM B BHJIE aMMHAaKa, a TAK:Ke HUTPATHBIM a30ToM, (pochopom
u kanueM. KonudyecTBO 3THUX MUTATENbHBIX BEIIECTB BApbUPYETCS B 3aBUCHUMOCTU OT T'OJOBOTO
KOJIMYECTBA OCAJIKOB, KIIMMAaTUYECKUX YCIOBUH, CE30HHBIX KOJICOAHMIA, TPOMBIIIJICHHBIX BEIOPOCOB
u apyrux (akTopoB okpyskaromieit cpensl. [lonuBHas Boxa TakKe HWIpaeT BaXHYIO poJib B
MOAJEP>KaHUU IIJI0IOPOAUS MOUBbI, obecrieunBas €€ He0OXOAUMBIMU MUTATEIbHBIMUA BEIIECTBAMHU.
B wactHOCTH, COTJIaCHO MHOTOYUCIICHHBIM HCCIIEIOBAHUSAM, C TIOJIMBHOW BOJIOM B MOYBY MOCTYIIAET
OTHOCHUTENILHO OOJbIIoe KoiaumdecTBO Kamus — oT 20 mo 39 xr Ha rekrap. COOTBETCTBYIOIIEE
noctymieHue azora u (ochopa onenuBaercs B 2,8-3,8 kr Ha rektap u 0,9—1,4 xr Ha TekTap
COOTBETCTBEHHO. Pe3ynbTaTbl HCCIEAOBaHUA TakKe I[MOKA3bIBAIOT, YTO JJIs [OBBIIICHUS
YPOKaHOCTH KOPMOBBIX KYJIBTYP HEOOXOJIUMO MPUMEHATh COOTBETCTBYIOIINE PEKUMBI OPOIICHHS
U COBPEMEHHBIC TEXHOJIOTHU BO3JICIbIBaHUS. BpIpaluBaHue OJHOJIETHUX KOPMOBBIX KYJBTYD
CHOCOOCTBYET pEIICHHI0 MPOOJIEeMbl HEXBAaTKM KOPMOB B JIETHE-OCCHHHM MEpHUOA, a IOJIUB,
OCYIIECTBIISIEMBI B ONTUMAIbHOE BpeMsl M B JOCTATOYHOM 00BEME, CIIOCOOCTBYET HOPMAIbHOMY
pPOCTy pacTeHHIA W TIOBBIIIACT YPOKaHHOCTh. B 11emoM arMocdepHbIe 0CaIKku U TOJMBHAS BOJIA HE
TOJIBKO TIOTIOJTHSIFOT 3arachl BJard B IOYBE, HO W CHA0XKaIOT CHCTEMY «II0YBA — PACTCHUECY
HEOOXOUMBIMU MUTATEIBHBIMU BEIIECTBAMHU, B TOM 4YHcIEe a30TOM, dochopoM u kanueM. Takum
0o0pa3oM, OHH HUTPalOT BaXHEWIIYIO POJIb B KPYTOBOPOTE MHUTATENBHBIX BEILIECTB, MOAJEPKAHUU
IIJI0IOPOJIUS TIOYBBI U TIOBBIIICHUH YPOXKAWHOCTH CEIIbCKOXO3SIMCTBEHHBIX KYJIbTYyp. [loaToMy npu
pa3paboTKe CTpaTerwii WCIONb30BaHUS YIOOpPCHW HEOOXOJAMMO YYUTBHIBATH ITOCTYILICHHE
MUTATENbHBIX BEIIECTB U3 aTMOC(HEPHBIX OCAIKOB U TOJUBHOM BO/IBI.

Keywords: fertilizer, irrigation, nutrient elements, minerals, saline soils.

Knroueswvie cnosa: yz[06peHI/Ie, OpOHICHUEC, IMUTATCIBHBIC 3JIEMCHTBI, MUHEPAJIbI, 3aCOJICHHBIC
IIOYBBI.

One of the fundamental prerequisites for achieving high and stable agricultural productivity is
the accurate assessment of the soil nutrient balance. The nutrient balance reflects the relationship
between nutrient inputs to and outputs from the soil and is of critical importance for maintaining soil
fertility and developing scientifically based fertilizer management systems. In addition to mineral and
organic fertilizers, the input component of the nutrient balance also includes nutrients supplied to the
soil through atmospheric deposition and irrigation water [1-3].

Atmospheric precipitation and irrigation water provide natural pathways for the transfer of
nitrogen, phosphorus, potassium, and other essential macronutrients into the soil-plant system. The
quantities of these nutrients vary depending on climatic conditions, precipitation intensity, irrigation
rates, the chemical composition of irrigation water, and other environmental factors. Assessing
nutrient inputs from these natural sources is of considerable scientific and practical importance for
evaluating nutrient cycling, optimizing fertilizer application rates, and implementing environmentally
sustainable agricultural production systems [4].

Materials and Methods
The nutrient content of soil is one of the principal agrochemical indicators of soil fertility. Soil
contains up to 45 chemical elements, which occur in both organo-mineral and mineral forms and
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constitute approximately 85-90% of the solid phase of the soil. The essential elements required for
plant nutrition include oxygen (O), carbon (C), hydrogen (H), nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe), and fluorine (F). In addition,
normal plant growth and development require trace elements such as manganese (Mn), copper (Cu),
molybdenum (Mo), cobalt (Co), and others. While some of these elements are present in sufficient
quantities, others occur only in trace amounts [5].

Depending on soil type and fertility level, the 0—40 cm soil layer of one hectare typically
contains approximately 630 tons of nitrogen, 3—15 tons of phosphorus, and 12—45 tons of potassium.
The availability of nutrients to plants depends not only on their total reserves in the soil but also on
the chemical forms in which these nutrients occur.

In agricultural production, the nutrient requirements of crops are met through the conversion of
organic nutrient reserves in the soil into plant-available forms, together with the application of mineral
fertilizers. The improvement of the agrochemical properties of soil fertility is achieved through a
range of management practices, including the liming of acidic soils, the gypsum amendment of
alkaline soils, the reclamation of saline soils by leaching, the application of organic and mineral
fertilizers, and the appropriate selection and rotation of crops.

Soil is a dynamic natural body formed through the long-term action of physical, chemical, and
biological processes on parent rock material. It consists of solid, liquid, and gaseous phases. The solid
phase is composed of mineral and organic constituents with diverse physicochemical properties and
plays a fundamental role in regulating the characteristics of the liquid and gaseous phases. Owing to
the interactions among these phases, soil exhibits a range of agrophysical properties that develop
during the processes of soil formation and land use. These properties are regarded as key indicators
of soil fertility and exert a direct influence on agricultural productivity [6].

Soil is the principal means of agricultural production and the foundation of agroecosystems.
Approximately 95% of the world's food supply is derived directly or indirectly from soil resources.
Therefore, maintaining soil fertility and ensuring long-term soil health should be regarded as a
primary priority of sustainable agricultural production.

As a vital habitat, soil provides a living environment for a wide diversity of organisms. It also
serves as the mechanical support for plant growth, enabling the establishment, development, and
persistence of vegetation.

Results and Discussion

Determining the quantities of nutrient elements entering the soil through atmospheric
deposition and irrigation water is an essential component of assessing the nutrient balance of
agricultural crops. These natural nutrient inputs constitute an important part of the input side of the
soil nutrient balance and should be taken into account when evaluating nutrient dynamics and
developing fertilizer management strategies.

The results obtained in the study region indicate that atmospheric deposition supplied the soil
with an average of 8.57-10.93 kg ha™' of nitrogen annually, predominantly in the form of ammoniacal
nitrogen, while nitrate nitrogen accounted for 1.33—1.95 kg ha™! of the total nitrogen input. Annual
phosphorus inputs ranged from 1.50 to 2.46 kg ha™', whereas potassium inputs varied between 4.29
and 5.56 kg ha™'. The observed variation in nutrient inputs was primarily associated with differences
in the amount of atmospheric precipitation. The quantity of nutrients deposited through atmospheric
precipitation is influenced by climatic conditions, rainfall patterns, seasonal variability, and the
proximity of agricultural land to industrial areas, among other environmental factors [1].

Studies conducted on grey-brown soils in the Ganja—Gazakh region have shown that
atmospheric deposition contributes annually 1.31-1.41 kg ha™ of phosphorus and 2.93-3.46 kg ha™
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of potassium to the soil. In comparison, irrigation water supplies 1.04—1.33 kg ha™ of phosphorus
and 19.51-19.67 kg ha™' of potassium annually [14].

In another study carried out in the region by H. A. Aslanov, PhD in Agricultural Sciences,
annual nutrient inputs to potato fields through irrigation water were estimated at 2.80-2.92 kg ha™' of
nitrogen, 0.90-0.92 kg ha™' of phosphorus, and 33.3-35.4 kg ha™' of potassium. The corresponding
nutrient inputs through atmospheric deposition were reported to be 5.45-6.20 kg ha™' of nitrogen,
1.00-1.04 kg ha™" of phosphorus, and 2.33-2.72 kg ha™" of potassium [2].

Studies conducted on alfalfa (Medicago sativa L.) have shown that annual nutrient inputs
through atmospheric deposition amounted to 2.55-3.00 kg ha™ of nitrogen, 0.33-0.47 kg ha™' of
phosphorus, and 0.66—1.02 kg ha™' of potassium. Under a seasonal irrigation regime of 5,800 m? ha™,
irrigation water supplied 3.28-3.44 kg ha™' of nitrogen, 1.24—1.26 kg ha™" of phosphorus, and 21.26—
23.73 kg ha™ of potassium annually [6, 8].

Further investigations in the Ganja—Gazakh region revealed that atmospheric deposition
contributed 4.94-6.41 kg ha™' of nitrogen, 0.97—1.32 kg ha™' of phosphorus, and 2.35-2.73 kg ha™! of
potassium to the soil each year. Under annual irrigation rates ranging from 4,150 to 4,850 m® ha™,
the corresponding nutrient inputs through irrigation water were 2.84-3.23 kg ha™' of nitrogen, 0.89—
1.05 kg ha™ of phosphorus, and 34.39-38.85 kg ha™' of potassium [5, 13].

Studies conducted under the conditions of the Samukh district demonstrated that atmospheric
precipitation contained 0.90-2.03 mg L' of ammoniacal nitrogen, 0.15-0.63 mg L™ of nitrate
nitrogen, 0.18-0.52 mg L' of phosphorus, and 0.83—1.25 mg L' of potassium. Nitrogen was the
predominant nutrient present in atmospheric deposition. Annually, atmospheric precipitation supplied
the experimental plots with 5.07—7.51 kg ha™! of total nitrogen, of which 4.14-6.06 kg ha™' was in the
form of ammoniacal nitrogen and 0.93—1.45 kg ha™' as nitrate nitrogen. The corresponding annual
inputs of phosphorus and potassium were 0.92—1.37 kg ha™' and 2.67—4.05 kg ha™!, respectively. The
annual nutrient inputs through irrigation water to the experimental plots ranged from 2.82 to 3.32 kg
ha for total ammoniacal and nitrate nitrogen, 1.01-1.08 kg ha™! for phosphorus, and 31.09-34.50 kg
ha™! for potassium [9].

The results of previous investigations have demonstrated that atmospheric deposition supplies
the land surface with appreciable quantities of nutrients that play a fundamental role in the
development of the soil-plant system and the enhancement of crop productivity. On average, over a
three-year period, atmospheric precipitation was found to contribute 37.2 kg ha™! of nitrogen, 20.9 kg
ha™' of phosphorus, 13.3 kg ha™ of potassium, and 17.3 kg ha™' of sulfuric acid to the soil surface.
These inputs are of considerable importance for the biochemical and reclamation processes that
govern soil fertility and productivity [15].

The herbage of natural pastures begins to senesce from the middle of May and gradually dries
out throughout the grazing season, becoming unsuitable for use during the summer—autumn period.
The relatively low productivity of cultivated forage crops in these regions is primarily associated with
the delayed implementation of modern cultivation technologies adapted to local environmental
conditions. Additional contributing factors include the lack of scientifically validated
recommendations regarding the production of annual forage crops for green fodder, hay, and seed, as
well as the determination of optimal sowing periods. Furthermore, the identification and introduction
of high-yielding cultivated forage species adapted to regional conditions have remained insufficient
over an extended period [8].

To address the shortage of forage crops and ensure the production of high-quality feed under
local environmental conditions, thereby improving livestock management, it is feasible to establish a
forage base for the critical summer—autumn period through the cultivation of annual forage crops,
such as grass pea (Lathyrus sativus), rye (Secale cereale), and other suitable species.
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To prevent soil crust formation, which may adversely affect normal plant growth and
development, the first irrigation should be applied only after full seedling emergence or following the
appearance of the third true leaf. Depending on the water requirements of the crop species and the
sowing period, fields should be irrigated four to five times during the growing season. The first and
second irrigations should be carried out during the active vegetative growth stage, whereas
subsequent irrigations should be applied after each forage harvest. Surface (flood) irrigation is
recommended, with an irrigation rate of 800—1000 m? ha™' [12].

To determine the nutrient inputs to the soil through atmospheric precipitation, regular
precipitation samples were collected from the Ganja Regional Hydrometeorological Center during
the 2004-2006 study period. The concentrations of water-soluble ammonium nitrogen, nitrate
nitrogen, phosphorus, and potassium were subsequently analyzed.

The concentrations and amounts of nutrients supplied to the soil through atmospheric
precipitation and irrigation water during the experimental period are presented in Table 1.

During the study period, annual atmospheric precipitation ranged from 256.2 to 290.3 mm
(Table). The concentrations of ammonium nitrogen, nitrate nitrogen, phosphorus, and potassium in
atmospheric precipitation varied between 0.78—1.86 mg L, 0.15-0.55 mg L', 0.18-0.53 mg L,
and 0.83-1.18 mg L', respectively. Nitrogen was the predominant nutrient present in atmospheric
precipitation.

Table
COMPOSITION AND QUANTITY OF NITROGEN, PHOSPHORUS, AND POTASSIUM
INTRODUCED INTO THE EXPERIMENTAL PLOTS THROUGH IRRIGATION WATER
S S S s Composition, mg L™ Quantity, kg ha™
éo 8' éo < N P>0s K50 N P>05 K>O
= S 5 NH;  NO; NH;  NO;
AY 800 0,38 0,21 024 481 0,30 0,17 0,19 3,85
5.VI 800 0,35 0,18 022 473 0,28 0,14 0,18 3,78
27.VI 1000 0,25 0,21 020 4,90 0,25 0,21 0,20 4,90
12.VII 1000 0,35 0,33 0,24 501 0,35 0,33 0,24 5,01
28.VII 800 0,27 0,25 0,27 4,78 0,22 0,20 0,22 3,58
18.VIII 800 0,31 0,28 0,25 4,63 0,25 0,22 0,20 3,70
15.IX 800 0,28 0,25 0,20 5,01 0,22 0,20 0,16 4,01
Total 6000 1,87 1,47 1,39 28,83
3,34

As shown in the tables, atmospheric precipitation contributed 4.23—-5.58 kg ha™' of nitrogen
annually to the experimental plots. Nitrogen was mainly present in the form of ammonium nitrogen,
accounting for 3.09-4.46 kg ha™', while nitrate nitrogen ranged from 0.90 to 1.14 kg ha™'. The
amounts of phosphorus and potassium supplied through atmospheric precipitation were 1.00—-1.12 kg
ha™ and 2.65-2.95 kg ha™!, respectively. Irrigation water not only provides the soil with the required
moisture but also serves as an important source of nutrient inputs due to the dissolved mineral
elements it contains. Therefore, irrigation water plays a significant role in the cycling and migration
of nutrients within the soil system. The experimental plots were irrigated with water obtained from
the Ganja River. Depending on weather conditions, the irrigation rate varied between 800 and 1000
m? ha™!, while the total amount of irrigation water applied during the vegetation period ranged from
6000 to 6400 m* ha™'. Taking into account the irrigation rates, the composition and quantity of
nitrogen, phosphorus, and potassium introduced into one hectare of land through irrigation water were
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determined. The results indicated that the concentrations of ammonium nitrogen, nitrate nitrogen,
phosphorus, and potassium in irrigation water were 0.25-0.38 mg L™, 0.20-0.35 mg L', 0.18-0.25
mg L', and 4.63-5.15 mg L', respectively. Overall, the annual input of nutrients into the hayfield
through irrigation water varied within the following ranges: the total amount of ammonium and nitrate
nitrogen was 3.34-3.83 kg ha™!, phosphorus was 1.26—1.39 kg ha™', and potassium ranged from 28.83
to 31.26 kg ha™".

Results

The analysis of the conducted studies demonstrates that atmospheric precipitation and irrigation
water represent important natural sources contributing to the nutrient supply of agricultural soils.
Atmospheric precipitation primarily introduces nitrogen in ammonium and nitrate forms, as well as
phosphorus and potassium, into the soil. Irrigation water, in addition to regulating the soil water
regime, contributes to the input of nutrients into the soil—plant system, particularly potassium, along
with certain amounts of nitrogen and phosphorus. The results of studies conducted in different regions
and on various crops indicate that the concentrations of nutrients in atmospheric precipitation and
irrigation water vary depending on climatic conditions, precipitation amounts, irrigation rates,
chemical composition of water, and other environmental factors. Nevertheless, nutrients supplied
through these sources significantly influence soil nutrient balance formation, nutrient cycling, and the
maintenance of soil fertility. The studies conducted during 20242026 revealed that atmospheric
precipitation annually contributed an average of 4.23-5.58 kg ha™' nitrogen, 1.00-1.12 kg ha™
phosphorus, and 2.65-2.95 kg ha™' potassium to the soil. Meanwhile, irrigation water supplied 3.34—
3.83 kg ha™ nitrogen, 1.26—1.39 kg ha™' phosphorus, and 28.83-31.26 kg ha™ potassium. These
findings confirm the particularly important role of irrigation water as a source of potassium input into
agricultural soils.
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