
42

INTRODUCTION

In the agriculture of Ukraine and the Rivne 
region, in particular, the problem of rational land 
use and protection, conservation and reproduc-
tion of soil fertility have been increasing over the 
last two decades.

The consequence of the negative processes 
is the agricultural land fertility decrease. Over 
the last 20 years, the system of agricultural land 
use has been destroyed, which included the 

introduction of a crop rotation system, a deficient 
balance of humus and nutrients and a soil protec-
tion system of agriculture.

A prerequisite for efficient utilization of agri-
cultural land, improved production efficiency and 
risk reduction is and will be monitoring the infor-
mation on the changes in their fertility and envi-
ronmental status as a whole. Modern monitoring 
is performed with the use of geoinformation and 
IT technologies in almost all technological pro-
cesses of the agro-industrial sector (Skrypchuk, 
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ABSTRACT
The balance calculations in agriculture are the basis for assessing the value of land and determining how to use 
it effectively. Replenishing the humus balance in soils is a long and multifactorial process, and therefore requires 
considerable expenditures to control it. Therefore, scientists pay particular attention to the benefits and the need to 
create geoinformation portals, first and foremost, in the agricultural sector in order to create effective market-based 
tools for balancing soil quality. However, today Ukraine has little experience in creating portals and software for 
the implementation of soil fertility balance calculations in the online system for the purpose of organizing organic 
land use. The article deals with the methods of humus balance calculation and the formulation of the humus bal-
ance calculation task, which will take into account regional peculiarities of Ukraine’s Rivne region with the pos-
sibility of scaling to other areas. A mathematical model of the corresponding problem using differential equations 
was constructed. A numerical solution was found and implemented as the e-calculator module of online informa-
tion system. The integration of IT technologies with the example of humus balance e-calculator for organic land 
use will allow crop rotations modeling and volumes of organic fertilizer application to stabilize or improve the soil 
quality. The main task of the calculator was to provide specific recommendations for the land plot on the efficiency 
of its use. In addition, the information system provided the background information on the economic efficiency of 
the transition to organic farming, certification, processing and marketing rules. The user can independently specify 
the order of crops cultivation in rotation, the amount of organic fertilizer application and as a result will receive the 
possible variants of the total humus content in the soil, for different volumes of application of organic fertilizers 
(biohumus) using the e-calculator of humus balance. The testing and verification of the e-calculator was carried 
out on the last 40 years data of the Rivne branch of the Soils Protection Institute of Ukraine, taking into account 
the cultivated crops, the introduction of mineral and organic fertilizers.

Keywords: humus balance, e-calculator, mathematical model, organic land use, crop rotation variants modeling, 
soil quality improvement, biohumus, organic portal.
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2018a, 2018b; Vlasyuk et al., 2018a; Pichura et al., 
2019; Skrypchuk, 2019; Skrypchuk et al., 2020). 

The total area of Ukraine is 60.3 million hect-
ares, agricultural land – 41.5 million hectares, 
arable land – 32.7 million hectares. Favorable 
land-resource conditions Ukraine are largely due 
to the soil cover, which in more than 70% consists 
of potentially fertile soils, including chernozems 
and meadow-chernozem soils, which are charac-
terized by high levels of natural fertility.

For 130 years, since the first measurements 
of the humus content in the ukrainian soils made 
by V.V. Dokuchaev, the humus losses in the 
forest-steppe soils averaged 22%, in the steppe 
soils –19.5% and in the Polesie soils – about 
19%. The greatest losses of humus occurred in 
the 1970s, when the share of crop crops, i.e. sugar 
beet and sunflower, rose sharply in the crop struc-
ture. However, in the 1980s, the loss was man-
aged to be stopped due to the annual average use 
of 8.4 ton/ha manure and about 170 kg mineral 
fertilizers per 1 ha of arable land, and in some ar-
eas even higher – 15 ton/ha and more than 200 kg 
a.d., respectively. It was during these years that 
simple reproduction of fertility was achieved in 
the soil of Ukraine, that is, a deficit-free balance 
of the basic nutrients and humus was formed.

At the same time, a number of scientists have 
been engaged in the issues of humus balance 
modeling (Leithold et al., 1997; Kolbe, 2010; 
Franko et al., 2011; Heitkamp et al., 2011; Brock 
et al., 2012; Brock et al., 2013; Schulz et al., 2014; 
Brock et al., 2015; Campbell et Paustian, 2015; 
Vlasyuk et al., 2018b; Shostak et al., 2019; Vla-
syuk et al., 2020b; Vlasyuk et al., 2020a). They 
laid down the basic definitions and principles for 
calculating the humus balance.

In order to predict the change in the soil organ-
ic matter (SOM) levels over a long period, the dy-
namics of organic matter are simulated. The first 
published model of OPE decomposition based on 
differential equations was proposed by S. Genin 
and his colleagues (Hénin et Dupuis, 1945). One 
of the most popular SOM dynamics models to-
day is Rothamsted (RothC), which emits 4 active 
pools and 1 stable pool (inert organic matter) (Hé-
nin et Dupuis, 1945). In the post-Soviet space, the 
widespread model of ORU dynamics (ROMUL) 
involves the allocation of three major pools – de-
tritus (prehumus fraction), labile humus, and sta-
ble humus (Chertov et al., 2001).

The balance calculations in agriculture are 
the basis for estimating the conditions of humus 

accumulation. They enable to control soil replen-
ishment with fresh organic matter, to predict the 
changes in the humus state, and to regulate the 
processes of soil organic matter transformation. 
This is a rather complicated process that is influ-
enced by many factors, including:
 • soil type and natural area; 
 • use of plant residue;
 • volumes of application and type of organic 

fertilizer;
 • fertilizer systems;
 • structure of rotation;
 • soil tillage (plowing, plowing) (Skrylnik et al., 

2017);
 • type and intensity of agricultural land use (Ch-

aban et al., 2010);
 • soil calcification (Oliver et al., 2014).

Not all of these factors take into account 
the current methods of calculating the humus 
balance. This is partly due to the complexity of 
mathematical calculations. Therefore, it is impor-
tant today to direct further activities of specialists 
to the development and implementation of soft-
ware systems (computer models) for the evalu-
ation of the humus balance, and more precisely 
– all dynamics of the humus soil condition with 
maximum consideration of all factors.

In addition, many scientists have empha-
sized that an important factor in the effective-
ness of the agricultural production development, 
including organic production, is the introduction 
of innovative management approaches based on 
geoinformation systems (GIS). The features of 
the GIS use in the agricultural sector, including 
organic farming, presented by such scientists as: 
Medvedev V.V. (2007), Romashchenko M.I. et al. 
(2005), Morozov V.V. et al. (2007), Lisetskii et al. 
(2017), Jaafar and Woertz (2016), Montgomery et 
al. (2016), Mishra et al. (2015), Oumenskou et al. 
(2018) and other scientists.

Particular attention is paid to the benefits and 
the need to create the geoinformation portals for 
all sectors of the economy, especially in the ag-
ricultural sector. Bernard et al. (2005) and Ma-
guire and Longley (2005) emphasized that the 
creation of a geo-portal would ensure consistency 
with many public institutions through the online 
access to spatial data sets and thematic services 
to create an effective mechanism for their inter-
action. Considerable opportunities for using the 
geo-portal based on the geoinformation-analyti-
cal systems in the agrarian sector are presented in 



Journal of Ecological Engineering  Vol. 21(6), 2020

44

Tait (2005). However, today in Ukraine there is 
no experience in creating sites, portals, software 
products for online settlement in order to organize 
organic land use that will provide convenient ac-
cess to the necessary space-time information.

MATHERIAL AND METHODS

Humus balance calculating 

The term humus balance encompasses both 
simple models for quantifying soil organic matter 
(SOM) changes in arable soils, or soil organic car-
bon (C) (SOC) in particular, and the model related 
to optimizing the soil productivity in arable land 
by calculating the demand for organic fertilizers 
without quantifying the change in SOM or SOC. 

In the world practice, the methods of calculat-
ing the humus balance in soils are divided into ag-
ronomic and ecological (Brock et al., 2013). The 
ecological ones take into account the soil proper-
ties, climate features, agrotechnical measures and 
aim to quantify the changes in the humus content 
in soil (HU-MOD, STAND, CCB). In turn, the 
agronomic methods are insensitive to the changes 
in environmental factors and are based on inputs 
and losses of soil organic matter (VDLUFA, Hu-
mus Unit, Dynamic Humus Unit, SALCA). Their 
task is to determine the need for agrotechnical 
measures to maintain balance. 

In the ROMUL model mentioned above, the 
OR (carbon) dynamics are recovering well and 
the nitrogen behavior is satisfactory. To date, a 
significant number of dynamic simulation mod-
els have been developed for the soils of agro- and 
natural (forest and steppe) ecosystems, which dif-
fer significantly in their theoretical justification 
(Manzoni and Porporato 2009). In the OR mod-
els of agroecosystems, the dynamics of the OR 
horizon is largely reproduced. In the OR models 
of different genesis soils of natural ecosystems, 
there is an organic and humus-accumulative ho-
rizon or a fixed part of the soil profile. In most 
soil ORG models, microorganisms are the sole 
agent of ORG transformation. Only two mod-
els take into account the humus-forming role of 
the soil fauna in a very generalized form. This 
is the ROMUL-EFIMOD model (Chertov et al., 
2001) and the model family (Kätterer and Andrén 
2001). In the existing models of soil micro- and 
mesofauna, no attention is paid to the processes 
of the humic substances formation. In this regard, 

the most important are the realistic description 
when modeling the entire soil profile. The vast 
majority of ORG models lack an organic hori-
zon. In the ROMUL model, the organic horizon 
was generally considered as forest floor and only 
in Romul_Hum was the floor represented by 
all three horizons. 

The agronomic methods of calculating the 
humus balance are common in Ukraine. For the 
chernozem soils, the techniques proposed by 
Gnatenko et al. (2005) and Baluk et al. (2011), 
based on determining the difference between the 
articles of receipt and humus loss in the same pe-
riod of time, and are calculated on the basis of the 
data on the organic fertilizers amount and plant 
residues entering the soil, with the corresponding 
coefficients of humification and annual average 
humus. According to Hrekov and Datsko (2009)
the soil type, groups of crops, and climatic con-
ditions are additionally taken into account when 
determining the humus mineralization. A separate 
article takes into account the humus losses due to 
the soil erosion.

The method of calculating the humus balance 
proposed by Lykov (1979) for the sod-podzolic 
soils of the Polissia crop rotations is somewhat 
more complicated. The basis for this method is the 
nitrogen balance in the system “plant – soil – fer-
tilizer”. They shift from the nitrogen balance to 
the humus carbon balance, taking into account the 
ratio between carbon and nitrogen in the humus 
as 10 : 1 (Lykov 1979).

In order to automate the calculating process 
of the balance of humus and mobile nutrients in 
soils, specialists of the National Scientific Cen-
ter “Institute of Soil Science and Agrochemistry 
named after O.N. Sokolovsky” computer pro-
gram was developed, which allows determining 
the balance of soil humus at the area level, dis-
trict, economy, crop rotation (Baluk et al., 2011).

Organic land management aims at maintain-
ing the natural soil fertility. Plant nutrition must 
flow through the soil ecosystem. In doing so, the 
use of fertilizers and non-renewable plant nutri-
tion should be minimized. Among the main mea-
sures for the systematic flow of fresh organic 
matter into the soil and the mobile humus forma-
tion, which do not contradict organic standards, 
are the application of organic fertilizers, the use 
of plant residues and non-market production part, 
regular cultivation in green manure crop rotation, 
legumes or herbs. 
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According to many agrochemical scientists, 
the diversity and effectiveness of soil and plant 
effects on the crop rotation factor outweigh other 
equally important measures. Their impact is re-
lated to many soil processes and various aspects 
of plant growth and development. The crop rota-
tion is planned to support biodiversity, provide re-
liable protection against pests and diseases, help 
preserve the basic soil properties, manage soil 
structure and increase its fertility naturally. Crop 
rotations include cereals and industrial crops, pe-
rennial grasses and necessarily siderata.

According to the rules of organic farming un-
der the perennial legumes crops- clover, alfalfa, 
asparagus, clover and others. should be at least 
35–40% of the acreage. They determine the pos-
sibility of introducing different forms of green 
manure. Green fertilizers in the main and inter-
mediate crops should be 20–25% with the obliga-
tory use of cereals and legumes crushed straw, 
corn and sunflower, beetroot crushed stalks.

The important role of crop rotation, as an ag-
ronomic measure that helps to ensure a proper 
level of crop yield, is also emphasized by Boyko 
et al. (2018). Separate theoretical and practical 
aspects of the use in the green manure rotation 
and plant residues are devoted to the work of sci-
entists, in particular: Degodyuk E.G., Litvinova 
O., Shevchuk M.I., Medvedev V.V., Plisko I.V., 
Bogdanovich R.P., Oliynyk V.S. and others.

It was established that quantitative indices of 
humus reproduction process are dependent on the 
composition, ratio and productivity of crops in 
crop rotation. These factors determine the aver-
age yield of dry organic mass of plant residues, 
which are the main source of replenishment of 
organic substances necessary for the synthesis 
and mineralization of humus under the influence 
of different groups of microorganisms. By chang-
ing the ratio of area under different plants, it is 
possible to increase to some extent the inflow of 
fresh organic matter into soil with plant residues 
(Bogdanovich and Oliynyk 2014).

Studies have proven that the systematic incor-
poration of the biomass by-products of crop rota-
tions into the soil, even without the application of 
mineral fertilizers, can provide a deficit-free bal-
ance of humus (Lebid and Tsylyuryk 2014).

Volkogon et al. (2016) emphasized that sider-
ata constitute a source of carbon and energy with 
minimal costs (for seeds and processing opera-
tions related to cultivation and grounding). Ac-
cording to Baluk et al. (2011), the efficiency of 

green manure in the humus compounds synthesis 
is equivalent to 25% of the bedding manure ef-
fect. On the other hand, Litvinova (2020), rely-
ing on the results of field studies (on sod-podzolic 
soils), states that long-term use of the nutrient 
green manure increases the organic matter intake 
by 32%, carbon – by 58%, and the straw carbon 
content increases to 87% with straw. The combi-
nation of straw and green manure agrotechnical 
measures prevents the unnecessary nitrogen and 
organic matter losses due to intensive mineraliza-
tion and narrows the C:N ratio to the optimal val-
ues, providing better conditions for the humifica-
tion of organic matter (Litvinova, 2020).

Biohumus is selected as an organic fertilizer 
for several reasons. First, according to the re-
quirements of organic standards, the waste and 
by-products of plant and animal origin must be 
recycled to further feed the plants. Biohumus is a 
product of the organic waste processing by earth-
worms. Secondly, it is a highly concentrated fer-
tilizer that exceeds manure and compost by 4–8 
times in content of humic substances, contains a 
large number of enzymes, vitamins, soil antibiot-
ics, plant growth hormones and other biologically 
active substances.

Gorova et al. (2016) claim that the timely ap-
plication of vermicompost (biohumus), together 
with the implementation of agrochemical mea-
sures, provides the maximum transformation 
of the introduced organic fertilizers into humic 
substances and their fixing in the humus profile. 
It has a positive effect on the humus condition 
of the depleted and degraded soils, which is not 
always ensured by the application of traditional 
organic fertilizers (fresh litter, manure or peat) 
(Gorova et al., 2016). The disadvantages of us-
ing biohumus are high cost and insufficient pro-
duction for large areas. 

Official Regulation Standards

The humus balance study is part of the work 
to comply with the requirements of EU Regula-
tion 1210/90 on the work of the European En-
vironment Agency and the European Network 
of Observation and Information on the State of 
the Environment with a view to taking adequate 
measures to protect the environment and to fur-
ther adjust it. The soil monitoring in the EU is 
carried out through several programs: ICP – For-
est (international program for the assessment and 
monitoring of aerial forest pollution); ICP – IM 
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(International Integrated Monitoring Program); 
FOREGS (Geological Forum).

For each soil type, the optimal humus content 
was established: for sod-podzolic sandy loam – 
1.8–2.0%, gray forest sandy and loamy – 2.0–2.5, 
dark gray forest and chernozem loamy-loamy – 
2.8 -3.3, typical loamy soils – 3.7–4.2%. This hu-
mus content provides a fertility characteristic of a 
particular soil type. In order to achieve the opti-
mum humus content, it is necessary to replenish 
the soil with the required amount of organic mat-
ter annually, and to ensure its deficit-free balance 
at the contents close to the optimum.

The dynamics of the weighted average humus 
content in the soil of the region was calculated 
using the materials of agrochemical certification. 
The agrochemical certification of agricultural 
lands was carried out in accordance with the cur-
rent regulatory documents “Methods of continu-
ous soil and agrochemical monitoring of agricul-
tural ukrainian lands” (1994), and “Ecological and 
agrochemical certification of fields and agricul-
tural land” (1996). The humus content in the soil 
was determined according to NSTU 4289: 2004.

The mathematical model of the humus con-
tent change in some soil volume V can be de-
scribed as follows:

Let y(t) be the amount of humus at time 
t (t/ha); y(t + Δt) – s, the amount of humus at 
time t + Δt; at the initial time y(0) = y0, where: 
y0 is the amount of humus at the initial time;   
f(R, δ) is some function of the humus balance 
and the type of crop (t/ha); R is type of culture for 
planting, δ is balance of humus.

Then the humus change is proportional to the 
amount of humus at a given time and the function 
of the humus balance and the type of culture
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where: k– some proportionality factor. 

At Δt→0, we will get:
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c = const.
Then:  ),()( 1 dRfecty tk -×= × , where cec =1 .

From the initial condition 0)0( yy =  we 
will get  ),(01 dRfyc += .

Therefore, the humus content at time t is 
equal to:

 ),()),(()( 0 dd RfeRfyty tk -×+= × .

Applying this mathematical model to some 
input data, we get a graph of the humus content 
with a time (Fig. 1).

Integration of the obtained solution into the 
geoinformation-analytical system of organic 
farming. The software implementation task in-
cluded the implementation of the aforementioned 
computer simulation mechanism for changing the 
humus state at a predetermined time interval, tak-
ing into account the costs of organic fertilizer ap-
plication in the form of an e-calculator. Another 
important step was the integration of the newly 
created module into the existing geoinformation-
analytical system of organic farming (Fig. 2). 

The e-calculator module consists of two 
parts: the Backend part (ASP.NET MVC code, 
average crop fertility statistics, agrochemical soil 
indicators, etc.) and the Frontend part (html, css, 
java script). The Backend part implements the 
Web ARI mechanism for numerical calculations 
according to the GET and ROST requests of the 
Frontend part. On the client’s side, the neces-
sary requests are formed according to the client’s 
needs: crop rotation, desired crops and fertilizer 
opportunities. There are two modes for modeling 
the humus state change: “Individual plan” and 
“Rationale for all scenarios”. The desired mode is 
selected by switching the desired tab of the GUI 
module’s GUI dialog box.

Fig. 1. Modelling the change of humus content in 
soil over time according to a mathematical model
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In the “Individual plan” mode, the user sets 
the crops and the amount of fertilizer for each 
year (Fig. 2). Then, by clicking on the “Get Rec-
ommendations” button, the system will generate 
a humus status change report for this particular 
scenario using a server-side numerical calculation 

according to the mathematical model above. In-
stead, the “Rationale for all scenarios” mode con-
tains an automated calculation to justify all possi-
ble fertilizer scenarios in different years (Fig. 3). 
The user can choose the number of years to ana-
lyze and specify the amount of funds available for 

Fig. 2. Initialization of humus change simulation parameters in individual plan case

Fig. 3. A rationale for justifying all possible fertilizer scenarios in different years
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the organic fertilizer costs. Then, using the button 
“Calculate all options” launches the appropriate al-
gorithm for computer simulation and eco-econom-
ic calculations of e-calculator. In this way, the user 
is able to choose the most suitable option from an 
economic and environmental point of view.

RESULTS AND DISCUSSION

Using the e-humus balance calculator, the 
user can independently set the cultivation order 
of crops in rotation, the amount of organic fertil-
izer (biohumus) application and as a result will 
receive the possible variants of the total humus 
content in the soil, for different volumes of or-
ganic fertilizer application (biohumus) siderates.

We have proposed crop rotation for the transi-
tion from traditional to organic land use with the 
condition of restoring the soil fertility. In calculating 
the amount of humus that can be formed, the main 
items of income are organic fertilizers (biohumus), 
plant residues, non-marketable (side) crop, side 
crops. The humus losses are due to mineralization.

Figure 4 presents 9 out of 1024 possible vari-
ants of the predicted humus content level in the 
soil for different fertilizer variants within the pro-
posed crop rotation in the forest-steppe zone. As 
can be seen from the graph, post-harvest green 
fertilizers, along with straw, provide the largest 
number of nutrients to the soil. Due to the grow-
ing intensity of crop residues decomposition, soil 
fertility and crop yields are expected to increase 
next year. When growing soybeans, the soil 

receives the least amount of plant residues and, 
accordingly, humus that can form from them. 

Option 1 on the graph at the end of the crop 
rotation shows the highest humus content in the 
soil, but this is subject to the maximum allow-
able amount of biohumus and correspondingly 
additional investments. The worst result was 
obtained in the proposed option #9, but it does 
not imply any additional costs for the organic 
fertilizers application. 

The testing of the e-calculator was carried out 
on the data of the Rivne branch of the state insti-
tution «Institute of Soil Conservation of Ukraine» 
for the last 40 years, taking into account the cul-
tivated crops, the introduction of mineral and or-
ganic fertilizers. A prerequisite for preserving the 
soil fertility, compensating for the removal of nu-
trients from the crop, is the introduction of suffi-
cient quantities of mineral and organic fertilizers.

Over the last 20 years, the acreage of Rivne 
region has changed (Fig. 5). There is a steady 
tendency towards a significant decrease in acre-
age under sugar beets, cereals and legumes. In-
stead, corn, soybeans and rapeseed are growing 
sowing areas. Such intensification of agricultural 
production, although accompanied by an increase 
in the amount of mineral fertilizers introduced, 
but does not adhere to the correct N: P: K ratio 
(1:0.33:0.30 at the optimum 1:0.8:1) and as a re-
sult, significant phosphorus and potassium defi-
ciency in soil- is observed.

The dynamics of mineral fertilizer application 
in the farms of the Rivne region for 1971–2018 is 
shown in Figure 6.

Fig. 4. The content of humus in the soil under different fertilizer options in the forest-steppe zone
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The situation with the application of organic 
fertilizers is much worse in the region. The dy-
namics for 1971–2018 are shown in Figure 7.

An alternative source of organic matter to the 
soil is the green manure plowing. The plowing 
dynamics of green manure in the farms of Rivne 
region for 2011–2018 is shown in Figure 8.

Although this is one of the cheapest mea-
sures to increase and stabilize the soil fertility, the 
plowing area and the green mass amount of green 
manure has decreased about three times in the last 
3 years compared to 2011.

Usually, there is a direct relationship between 
the humus content and the crop yield. Therefore, 
it is important to maintain a positive humus bal-
ance when farming and find ways to increase the 
organic matter content in the soil. 

Over the last 5 years, there has been no stable 
but positive dynamics of the agricultural pro-
duction with a positive or at least deficient bal-
ance of humus. This is due to the application of 
the agricultural biology elements: plowing of 
crop residues, use of green manure, new types 
of organic fertilizer.

Figure 5. Distribution of crops under 2000–2018 years

Fig. 6. Dynamics of mineral fertilizer application in the farms of Rivne region for 1971–2018 years

Fig. 7. Dynamics of organic fertilizer application in the farms of Rivne region for 1971–2017 years



Journal of Ecological Engineering  Vol. 21(6), 2020

50

In order to increase the agriculture stability 
on the basis of maximum utilization of potential 
and the introduction of a scientifically sound ag-
riculture system in the 1980s, the branches of the 
Institute of Ukrzemproekt developed working 
projects for the crop production organization. The 
Table 1 shows the results of the humus balance 
calculation in fodder meadow grazing on a farm 
in the Kostopil region in the Rivne district. Prac-
tice shows that the application of organic fertiliz-
ers, the use of plant residues and annual grasses in 
rotation provides a positive humus balance, and 
therefore the restoration of soil fertility.

CONCLUSION

On the basis of a critical analysis of the lit-
erature, a method for calculating the biohumus 
balance from the point of view of organic land 
use and relevant ecological and economic indica-
tors was proposed. This method is based on the 
selection of crop rotation for the transition from 
traditional to organic land use with the soil fer-
tility restoration condition. In calculating the hu-
mus amount that can be formed, the main items 
of income are organic fertilizers (biohumus), 
plant residues, non-marketable (side) crop, side 

crops. The umus losses are due to mineralization. 
A mathematical model of the corresponding prob-
lem using differential equations was constructed 
and a numerical solution of the boundary value 
problem was found.

The proposed method of calculating humus 
balance was implemented in the form of an e-cal-
culator module of the geoinformation-analytical 
organic agriculture system. Using the e-humus 
balance calculator, the user can independently 
set the order of crops cultivation in rotation, the 
organic fertilizer (biohumus) amount application 
and as a result will receive the possible variants 
of the total humus content in the soil, for dif-
ferent volumes of organic fertilizer application 
(biohumus) siderates. In order to receive detailed 
instructions on planned crops and the amount of 
fertilizer application, the user performs calcula-
tions annually in the “Individual plan” mode. 
Instead, the Rationale for All Scripts contains an 
automated calculation to justify all possible fertil-
izer scenarios in different years.

The e-calculator mechanism testing was car-
ried out on the data of the Rivne branch of the 
Institute of Soil Protection of Ukraine for the last 
40 years, taking into account the cultivated crops, 
introduction of mineral and organic fertilizers in 
the Ukraine’s Rivne region.

Fig. 8. Dynamics of green manure plowing in farms of Rivne region for 2011–2018 years

Table 1. The results of calculating the humus balance

Alternation of crops 
in rotation

The 
presence of 
humus in the 

soil layer

Humus loss Humus accumulation
Balance, 

+/-
Total 

humusTotal
including

Total
including

mineralization washout
soil

plant 
residues

organic 
fertilizers

1. Lupine (annual 
herbs, vica)
2. Winter wheat
3. Potatoes
4. Silage corn.
5. Winter wheat

38.6 7.8 7.8 – 8.1 3.1 5 +0.3 38.9
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Using such a tool as an e-humus balance cal-
culator will allow making management decisions 
for the efficient use of land resources through the 
widespread use of progressive resource-saving 
technologies that ensure a constant increase in the 
soil fertility and crop growth.
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