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Abstract. Sustainable land use cannot be achieved without deliberate efforts to
preserve and restore soil fertility, with the humus status serving as its key indicator.
The challenge of maintaining a stable humus balance has become particularly pressing
under the dominance of short-rotation crop sequences in the agricultural practice of
the Southern Steppe of Ukraine. The absence of systematic monitoring of soil organic
matter complicates the prediction of agroecosystem productivity and threatens the
degradation of chernozems, the country’s most valuable agricultural resource.

N2 32025 25



Land management, cadastre and land monitoring

This study aimed to assess the performance of different short-rotation crop
rotations under conditions of complete fertilizer exclusion, to quantify their effects on
the humus balance, and to identify the most suitable model for long-term land use. The
methodological framework was based on humus balance calculations in a five-field
rotation with winter rapeseed and sunflower, conducted during 2020-2024.

The results indicated that technical crops generated a negative humus balance
(—0.28 t/ha and —0.77 t/ha, respectively), with the most severe deficit observed after
bare fallow (-1.46 t/ha). In contrast, cereals contributed to partial restoration of
humus reserves (up to +0.21 t/ha and +0.08 t/ha), while the highest positive effect was
obtained from bare fallow (+1.14 t/ha). The overall balance per rotation amounted to
—2.22 t/ha in the first sequence and +0.38 t/ha in the second.

These findings highlight the importance of incorporating bare fallow into crop
rotations as a natural source of organic matter, essential for sustaining chernozem
fertility and ensuring the resilience of agricultural production in the Southern Steppe

of Ukraine.
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Problem Statement

Rational use of agricultural land re-
quires a comprehensive approach to the
preservation and reproduction of soil
fertility, one of the key indicators of
which is the humus status. Under con-
ditions of intensified farming, reduced
application of organic fertilizers, dis-
ruption of crop rotations, and increased
agrochemical load, the risk of soil deg-
radation, particularly humus loss, is sig-
nificantly increasing [1,2].

The issue of maintaining a sustain-
able humus balance in short-rotation
crop rotations, which currently prevail
in farming practice, is especially urgent.
The absence of systematic monitoring
of organic matter dynamics in agroeco-
systems limits the possibilities of sound
land-use planning and increases the threat
of depletion of chernozems — the main re-
source of productive agriculture [3].

Therefore, there is a need for a scien-
tifically grounded assessment of humus
balance within different types of crop
rotations in order to develop effective

land-use models aimed at the long-term
preservation of soil fertility.

Analysis of Recent Research and
Publications

Rational use of agricultural land is
one of the priority areas of modern land
management and agroecological gover-
nance. Under conditions of increasing
anthropogenic pressure, climate change,
and intensive farming, the preservation
of soil fertility, particularly its humus
status, acquires strategic importance [4].

According to numerous studies, hu-
mus serves as the main indicator of soil
fertility, influencing the water-physical,
chemical, and biological properties of
the arable layer. Maintaining a positive
humus balance in soils is a necessary
condition for sustainable agricultural
production, ensuring ecological stabil-
ity in agro-landscapes, and supporting
eftective land use [5,6,7].

One of the most effective mecha-
nisms for regulating the humus balance
is a rationally organized crop rotation,
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which influences humus formation pro-
cesses through the alternation of crops
with different biological productivity,
root system types, and capacities for
symbiotic nitrogen fixation. Long-term
field experiments indicate that the inclu-
sion of legumes, green manure crops,
catch crops, as well as the application
of organic fertilizers, significantly im-
proves the humus status of soils.

The issue of maintaining humus bal-
ance in agroecosystems holds a central
place in modern scientific research. Re-
sults of long-term experiments demon-
strate that the main source of humus
replenishment in soils is plant residues
and the non-commercial part of the har-
vest. In the absence of fertilization, row
crops (such as sunflower and maize)
generally form a negative balance,
while cereals and crops with continuous
sowing methods have greater potential
to maintain a positive humus balance.
The use of organic and mineral fertil-
izers, along with green manure crops,
contributes to the enrichment of soils
with organic matter and ensures their
non-deficit condition [8,9].

Regional monitoring studies (Polta-
va, Kharkiv, and Kirovohrad regions)
reveal significant differences in the for-
mation of humus balance, determined
both by crop rotation structure and fer-
tilization levels. It has been established
that, in most cases, the absence of fertil-
1zers results in a humus deficit, with the
greatest losses associated with the cul-
tivation of industrial crops. Conversely,
the inclusion of cereals and occupied
fallows in crop rotation structures al-
lows for partial or complete compensa-
tion of these losses [10,11,12].

Some scientific publications em-
phasize that the assessment of humus
balance should be considered not only
in the production aspect but also as an

important component of the ecological
and economic justification of sustain-
able land use. This approach makes it
possible to form a system of indicators
necessary for long-term land resource
management and for preventing soil
degradation [13].

As a result of long-term studies con-
ducted by scientific institutions in vari-
ous soil-climatic conditions of Ukraine,
scientific approaches to optimizing crop
rotation structure have been developed.
In particular, the features of crop place-
ment in rotations have been studied, tak-
ing into account their growing duration,
biological compatibility, return period
to the same field, as well as the require-
ments of modern intensive technologies.

Under current agricultural produc-
tion conditions, traditional ten-field
rotations, characteristic of collective
farms in the past, are gradually being
replaced by short-rotation crop rota-
tions of various agro-industrial orienta-
tions. In this regard, both scientific and
practical interest in studying the trans-
formation of soil organic matter in land-
use systems dominated by cereals and
industrial crops is growing.

Research Aim. The aim of the study is
to provide a comparative assessment of the
efficiency of different short-rotation crop
rotations on chernozems of the Southern
Steppe of Ukraine in terms of humus bal-
ance formation under conditions of com-
plete abandonment of fertilization, with
subsequent identification of the optimal
model for sustainable land use.

Materials and Methods

To evaluate the impact of short-rota-
tion crop rotations on the humus status
of chernozems in the Southern Steppe
of Ukraine, we used the method of hu-
mus balance calculation in crop rota-
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tions [14], which is based on the ratio
between the input and mineralization of
organic matter in the soil. The calcula-
tions took into account the mass of the
main and by-product yields of agricul-
tural crops, humification coefficients of
plant residues, as well as the amount of
humus losses caused by mineralization
processes.

The object of the study was short-ro-
tation crop rotations developed and
recommended for the conditions of the
southern region of Ukraine [15]. The
subject of the study was a five-field
crop rotation including winter rapeseed
and sunflower, which was investigat-
ed during 2020-2024 under production
conditions of the Southern Steppe.

The calculations were carried out
according to the following indicators:
organic matter input into the soil from
root and post-harvest residues; the
amount of humus formed as a result of
the humification of plant residues; hu-
mus losses due to mineralization and
erosion processes; and the integral hu-
mus balance per crop rotation cycle.

Results and Discussion

In recent years, the issue of soil hu-
mus balance has attracted increasing at-
tention from researchers, given its key
importance for sustainable land use and
fertility preservation [8—12].

Our research, conducted under the
conditions of the Southern Steppe of
Ukraine (Odesa region), was aimed at
assessing the efficiency of short-rota-
tion crop rotations in humus balance
formation. The analysis was carried out
for two variants of crop rotations that
differed in the type of preceding crop
for winter wheat (bare fallow vs. occu-
pied fallow). The crop rotation included
cereal crops (winter wheat and spring

barley) and industrial oilseed crops
(winter rapeseed and sunflower).

We evaluated the two short-rotation
crop rotations in terms of their ability
to accumulate or lose humus. Consider-
ing the indicators of humus losses per
equivalent area (Fig. la, 1b), it should
be noted that the highest values were re-
corded under bare fallow (1.46 t/ha) and
the row crop sunflower (1.01 t/ha). This
allows us to conclude that the greatest
humus losses occurred in the first crop
rotation (4.43 t/ha), where the preceding
crop for winter wheat was bare fallow.
The lowest humus losses were observed
in the second crop rotation (3.59 t/ha),
where bare fallow was replaced by oc-
cupied fallow with white mustard as a
green manure crop.

Indicators of biomass input into the
soil for humus formation are also of
great importance. Analyzing the data
on biomass input into the soil (Fig. 2a,
2b), we observe that the total amount of
by-products was higher in the second
crop rotation (3.97 t/ha), which indicates
its better potential capacity to replenish
organic matter. The highest amount of
by-products was observed after the oc-
cupied fallow (1.76 t/ha), confirming
its significant role as a stabilizer of the
humus balance. Cereal crops provide a
considerably larger volume of organic
residues (0.88...0.70 t/ha) compared to
industrial (oilseed) crops (0.39...0.24 t/
ha), which demonstrates their advantage
in forming the soil’s humus potential.

Calculations of the humus balance
in short-rotation crop rotations (Table
1) showed that in both rotations, a hu-
mus deficit was observed after industri-
al (oilseed) crops (-0.28 t/ha and —0.77
t/ha, respectively), which is due to the
low level of by-product input into the
soil. The largest deficit was recorded in
the first rotation after bare fallow (—1.46
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L, t/ha a)
i Crop rotation 1

Ly, t/ha b)
Crop rotation 2

Fig. 1. Dynamics of humus losses in crop rotations. Southern Steppe.

Note: soil type — southern chernozem, heavy loam.

Source: compiled by the authors using the methodology for calculating humus balance in crop

rotation [14].

s _Fi, t/ha Crop rotation 1 a)

0,88 0,70

. Fy, t/ha  Crop rotation 2 b)

Fig. 1. Dynamics of humus formation in crop rotations. Southern Steppe.

Note: Calculations were made taking into account the yield of agricultural crops in 2020-2024 in

the Odessa region.

Source: compiled by the authors using the methodology for calculating humus balance in crop

rotation [14].

t/ha), confirming its negative impact on
the humus status of the soil.

At the same time, after cereal crops
a certain surplus of humus was observed
(+0.21 t/ha after winter wheat and +0.08
t/ha after spring barley), which indicates
their more favorable role in the humus
formation process. Particularly signif-
icant is the indicator for the occupied
fallow, where the surplus reached its
maximum values (+1.14 t/ha), high-
lighting its effectiveness as a source of

replenishing organic matter in the soil.
Summarizing the calculation results
for the full rotation, it was established
that the first crop rotation is character-
ized by a considerable humus deficit
(=2.22 t/ha), which necessitates the ap-
plication of organic fertilizers to elim-
inate soil degradation processes. In
contrast, the second rotation showed a
slight surplus (+0.38 t/ha), contributing
to the stabilization of humus reserves.
This indicates the expediency of includ-
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Table 1. Balance of humus in short-rotational crop rotations in the Southern
Steppe (2020-2024)

Ne i/o Culture Crop rotation | Loss of humus Formation of Deficiency of
(L), t humus (F)), t humus (D)), t

1 Bare fallow The option 1 1,46 - -1,46

2 Winter wheat 0,67 0,88 0,21

3 Winter rapeseed 0,67 0,39 -0,28

4 Spring barley 0,62 0,70 0,08

5 Sunflower 1,01 0,24 -0,77

For the rotation 443 2,21 -2,22

1 Occupied fallow The option 2 0,62 1,76 1,14

2 Winter wheat 0,67 0,88 0,21

3 Winter rapeseed 0,67 0,39 -0,28

4 Spring barley 0,62 0,70 0,08

5 Sunflower 1,01 0,24 -0,77

For the rotation 3,59 3,97 0,38

Note: Humus balance per 1 hectare of crop rotation area in the absence of fertilizer; green manure

— white spring mustard.

Source: compiled by the authors using the methodology for calculating humus balance in crop

rotation [14].

ing occupied fallow in the crop rotation
structure, as it is capable of compensat-
ing for organic matter losses and main-
taining the ecological balance of the
agroecosystem.

Conclusions

The performed calculations of hu-
mus balance demonstrated that the cul-
tivation of industrial (oilseed) crops in
short-rotation crop rotations is accompa-
nied by a persistent humus deficit (—0.28
to —0.77 t/ha), with the greatest losses
recorded after bare fallow (—1.46 t/ha).

Cereal crops, by contrast, contribute
to the formation of a certain surplus of
humus (+0.08 to +0.21 t/ha), while the
greatest positive effect was obtained
after occupied fallow (+1.14 t/ha), con-
firming its expediency in the crop rota-
tion structure.

Over the full rotation, the first crop
rotation was characterized by a consid-
erable humus deficit (-2.22 t/ha), indi-
cating a potential threat to the fertility
of southern chernozems. In contrast, the
second rotation showed a slight surplus
(+0.38 t/ha), pointing to its higher eco-
logical and agronomic efficiency.

The obtained results confirm that op-
timizing the structure of short-rotation
crop rotations, particularly by replacing
bare fallow with occupied fallow using
green manure crops, is an important
prerequisite for preserving the humus
status and enhancing the sustainabili-
ty of agroecosystems in the Southern
Steppe of Ukraine.
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AHOomayia. PayioHanbHe 3emMaeKopucmyeaHHs Hemoxcause 6e3  yinecrnpamosaHo2o
36epexceHHA ma 8i0HOBMAEHHA POOYOCMI FPYHMIB, KAYO8UM iHOUKAMOPOM AKOI sucmyrnae
piseHb eymycosoeo cmaHy. Ocobnusoi akmyasnbHocmi Habyeae nUMAHHA MiIOMPUMAHHSA
cmabinbHO20 2yMyco8020 6AAAHCY 8 YMOBAX MOWUPEHO20 3aCMOCY8AHHA KOPOmMKopomauiliHux
CiB03MiH, W0 nepesamcaroms y CinbCbKo2ocnodapceKili npakmuyi lisdeHHozo Cmeny YKpaiHu.
BidcymHicme HO1Q2004#eHO020 MOHIMOPUH2Y 8MiCMYy Op2aHIYHOI peyo8UHU Y rPyHMI YCKAAOHIOE
MPO2HO3Y8AHHA MPOOYKMUBHOCMI a2poeKocucmemM ma 3a2POIKYE BUCHAXEHHAM YOpHO3emie —
HalyiHHiwoe0 pecypcy 8imyu3HAHO20 3emaepobcmeaa.

Memoto docnionceHHa 6yno 30ilicHumu nopieHANbHUL aHani3 eghekmuUBHOCMI Pi3HUX KO-
pomrkopomauiliHux cieo3miH 3a ymos rnosHoi 8iomosu 8i0 8HeceHHs 00bpus, 8U3HAYUMU iX 81/1u8
Ha 6aaaHC 2ymMycy ma 8UOKpemumu Halibinbw payioHanbHy modesns 075 00820CMPOKOBO20 3eMsie-
KopucmysaHHA. MemoOdu4HOK 0CHOBOK CMAsU PO3PAXYHKU 2yMycogo2o banaHcy y m’amuninbHili
nMonbo8ili CiB03MIHI 3 PiNAKOM 03UMUM i COHAWHUKOM, W0 susyasaaca y 2020-2024 pp.

Pe3ynemamu noKa3anu, wo mnicada mexHiyHux (oailiHux) Kynemyp ¢opmyemoca 8i0°’emHul
b6anaHc 2ymycy (—0,28 m/2a i —0,77 m/2a 8idnogioHo), a Halicymmesiwuli degiyuum 3aikcos8aHo
nicna 4Yucmoeo napy (—1,46 m/za). BooHouac 3epHO8i Kynbmypu CAPUAKOMb YACMKOBOMY
8i0Ho8eHHI0 3anacie 2aymycy (0o +0,21 m/2a i +0,08 m/2a), a Halibinbwuli no3umusHuli echekm
3ab6e3neyye 3aliHvamuli nap (+1,14 m/2a). CymapHuli banaHc 30 pomauito cmaHosume —2,22 m/
2a y nepwiti cisoamini ma +0,38 m/2a y dpyeaili.

TaKuM YUHOM, HaWi 00CAiIOHEHHSA nNidmeepodxcytome HeobxiOHiCMb 8KAOYEHHSA 3aliHAMOoz20
napy 00 cmpyKkmypu Cigo3MiH AK MPUpoOHO20 Oxepesna Op2aHiYHOI pevyosuHU, Wo 00380A€
36epeamu podroyicme YopHO3emie ma 3abeznequmu cmasnicme a2posupobHuymeay lfisdeHHomy
Cmeny YKpaiHu.

Knarouoesi cnoea: 4opHozemu niedeHHi, 2ymyc, biomaca, 6anaHc, KopomkopomauiliHa
cieo3miHa, cudepamu.
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