
www.manaraa.comVol.:(0123456789)

Environment, Development and Sustainability (2020) 22:6961–6984
https://doi.org/10.1007/s10668-019-00522-1

1 3

ORIGINAL PAPER

Effect of adoption of sustainable crop production systems 
on farm economics

Miroslava Bavorova1   · Elena V. Ponkina2 · Nizami Imamverdiyev3 · 
Norbert Hirschauer3

Received: 18 March 2019 / Accepted: 11 November 2019 / Published online: 19 November 2019 
© Springer Nature B.V. 2019

Abstract
This study uses farm models to analyze the effect of farm size on farm-level costs of adoption 
of reduced soil cultivation systems. In an empirical study in the Kulunda Steppe in Russia, we 
examine the farm-level economics of three crop cultivation technologies: old Soviet intensive 
tillage technology (OS), modified Soviet reduced-tillage technology (MS), and modern Cana-
dian no-till technology (MC). We consider economies of size by considering three farm sizes 
(small = 500  ha, medium = 5000  ha, and large = 15,000  ha). Based on the general approach 
to cost and activity accounting, we sequentially compute gross cost–benefit measurement to 
assess the economic performance of the different systems. The study utilizes two data sources: 
(1) experts’ estimates regarding the input requirements and yield impacts of reduced-tillage 
systems in the marginal ecosystem of the Kulunda Steppe and (2) market prices in 2014 and 
2015. According to the model calculations, OS is inferior to MC and MS tillage systems in all 
farm sizes if we adopt a medium- to long-term perspective and consider residual income. If we 
adopt a very short-term perspective and consider only the difference between sales and direct 
costs, the MC tillage system would rank first across all modeled farm sizes. However, because 
farms in the Kulunda Steppe are heterogeneous, our results cannot replace management deci-
sions based on farm-specific calculations that consider the conditions of the respective farm.
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1  Introduction

Today, more than 50% of the agricultural land in the Kulunda Steppe in southwest Siberia 
is affected by different types of degradation (Frühauf 2013). The main problems are wind 
erosion, salinization, acidification, and water erosion. To reverse soil degradation processes 
and the negative environmental consequences thereof, cultivation technologies that address 
the exigencies of the marginal ecosystem steppe must be adopted. Agronomy and soil sci-
entists recommend reduced-tillage systems as a sustainable way of cultivating soils endan-
gered by degradation (e.g., Dammann et  al. 2011; Knowler and Bradshaw 2007; López 
et  al. 1998; Llewellyn et  al. 2012; Meinel 2002; Thomas et  al. 2007). However, it must 
also be noted with respect to sustainability that the mechanical herbicide control achieved 
through tillage is often replaced by increased herbicide inputs in reduced-tillage systems 
(e.g., Gray et al. 1996; Zentner et al. 2002). A broader approach to crop production sustain-
ability that involves reduced tillage is known as conservation agriculture.

Conservation agriculture is characterized by three linked principles (FAO 2015), 
namely:

1.	 Continuous minimum mechanical soil disturbance.
2.	 Permanent organic soil cover.
3.	 Diversification of crop species grown in sequences and/or associations.

Over the last 30  years, conservation agriculture has become a fast-growing produc-
tion system worldwide. Conservation agriculture is fairly widespread, mainly in marginal 
ecosystems in North and South America and in Australia and Asia. Whereas conserva-
tion agriculture covered only 2.8  M  ha worldwide in 1973/74, approximately 157  M  ha 
was cultivated using conservation agriculture in 2013 (Kassam et al. 2015). In Russia, the 
area covered by conservation tillage (according to the FAO definition) is estimated to be 
approximately 4.5 M ha (Kassam et al. 2015), which represents 3.8% of the total arable 
land area of Russia.

Many studies analyze factors that affect farmer adoption of conservation technologies 
such as no tillage (e.g., D’Emden et al. 2008; Gray et al. 1996; Llewellyn et al. 2012; Pan-
nell et  al. 2014). Gray et  al. (1996) distinguish between factors that the influence short-
run profitability (i.e., yield and cost differences between conventional and reduced-tillage 
systems) and factors that produce long-term agronomic benefits (e.g., the improvement 
of soil quality). Llewellyn et al. (2012) use a slightly different classification, distinguish-
ing between economic factors (e.g., changes in herbicide and machinery costs, learning 
costs, etc.) and factors related to the management of the natural resource of land (e.g., 
soil erosion, salinization, etc.). Moreover, because soil erosion has public implications, 
institutional and policy factors also affect the adoption of no-tillage technologies. Pannell 
et al. (2014) stress the importance of financial and production risks, as well as the uncer-
tainty created by the lack of knowledge about or confidence in technology performance. 
Resource-poor farmers, whose livelihood may be quickly endangered, are especially averse 
to adopting practices that may cause a reduction in short-term income, even if these prac-
tices will bring about long-term benefits (Pannell et al. 2014). Also Russian scholars have 
studied effects of implementation of different tillage systems in Russia on soil quality and 
yield (Karakulev et al. 2004; Markovskaya and Yudina 2009; Pykhtin and Gostev 2012). 
The only study on the farm-level economics of reduced till we found in Russian settings is 
that by Polyanskaya (2012).
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To overcome this gap in the literature, we concern ourselves in this study with the 
socioeconomic determinants of farmers’ land use choices. We recognize that the success 
of government interventions—such as soil protection and carbon sequestration projects—
depends on the following factors: (1) if the corresponding change in land use increases the 
profitability of farming, farmers must be convinced of the economic benefits and profes-
sionally enabled to realize those benefits (capacity building); and (2) if farmers perceive 
that the change in land use reduces the profitability of farming, society’s willingness-to-pay 
(WTP)(cf. e.g., Hanemann 1991) must exceed farmers’ willingness-to-accept (WTA), i.e., 
the compensation payment must be greater than the perceived losses caused by the new 
technology.

Bavorova et al. (2018) use the farm optimization model (linear programming) to pro-
vide systematic analysis of factors influencing the performance of the crop production sys-
tems for a real farm in the Kulunda Steppe, together with expert estimations. The results of 
the optimization model show that under optimal management and climatic conditions, the 
expert MC no-till technology outperforms the farm mini-till technology, but this is not the 
case for suboptimal conditions with lower yields.

The present study develops the previous case study in many aspects. Differently as in 
the previous study, in this study, we apply farm models approach. This approach allows to 
analyze the effect of farm sizes on the performance of reduced cultivation practices.

We analyze the farm-level economics of three crop cultivation technologies used in the 
Kulunda Steppe: old Soviet intensive tillage technology (OS), modified Soviet reduced-till-
age technology (MS), and modern Canadian no-till technology (MC).

Empirically, no-tillage is often associated with large farms due to the necessary invest-
ments in machinery, the profitability of which depends on its use over a large crop area 
(D’Emden et  al. 2006; Fuglie and Kascak 2001). To examine the effect of farm size on 
farm economics, we model three farm sizes (500 ha, 5000 ha, and 15,000 ha).

The method we use provides empirical evidence, especially regarding the question: Does 
the farm size affect the economic performance of the considered cultivation technologies?

The calculations are based on experts’ estimates regarding the requirements for adopting 
reduced-tillage systems in the marginal ecosystem of the Kulunda Steppe and the impacts 
of such adoption on farming profitability.

In the second section of this paper, we provide a short overview of studies that focus on 
the economic viability of production technologies in semiarid and arid areas and describe 
crop production in the Kulunda Steppe. In section three, we describe the methodology, dif-
ferent technologies and data. Section four presents the results and discussion. The paper 
concludes with a discussion of the limitations of this study and recommendations for fur-
ther work.

2 � Agricultural production in semiarid areas and in the Kulunda Steppe

2.1 � Environmental characteristics and farm structure in the Kulunda Steppe

2.1.1 � Environmental characteristics

The Kulunda Steppe extends over the western part of Altai krai (region). The specialization 
of agricultural production is determined by soil types and climatic conditions. Based on cli-
mate and soil characteristics, the Kulunda Steppe may be divided into three environmental 
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sub-types. The forest steppe extends over the northwestern portion of Altai region. In the 
forest steppe, precipitation is approximately 350–400  mm/year, and the average annual 
temperature is + 2  °C. The typical steppe is located between Voltshicha, Rodino, and 
Blagoveshenka in the west and Mamontovo and Baijevo in the east. In this area, precipita-
tion is approximately 300–350 mm/year and the average annual temperature is + 3 °C. In 
the dry steppe that lies in the southwest portion of Altai krai, close to the Kazakh border, 
precipitation is below 300 mm/year and the average annual temperature is + 4 °C.

Due to their respective climatic conditions, the potential for arable farming is highest in 
the forest steppe and lowest in the dry steppe. Therefore, we present herein calculations of 
the profitability of farm models under forest steppe conditions. The frequent early-summer 
droughts in the dry steppe make agricultural production more difficult, as do the high tem-
peratures and strong winds and storms. The wind dries out the soil, especially in the dry, 
heavily mechanically cultivated areas.

In addition to the climatic factors, in very rare cases, the soils of the Kulunda Steppe, in 
their original natural condition, can be limiting factors for crop production. The Kulunda 
Steppe consists of dark and light chestnut soils. The soils have a small humus content and 
light mechanical structure and are easily affected by wind erosion. The banks of numer-
ous lakes, such as Kulundinskoe (728 km2), Kuchukskoe (181 km2), Gorkoe (140 km2), 
Bolshoe topolnoe (76 km2), and Bolshoe yarovoe 66.7 km2), and potholes have meadow 
licks and meadow-steppe soils as well as salt marshes. Derno-podzolic soils are formed 
near piny woods with steppificated grass canopies. The soils of Priobskoye Plateau are 
haplic and leached chernozems.

The chernozems have high yield potential due to their high water-retention capacity, 
good nutrient supply, good physical characteristics, and large-surface expansion. In parts 
of the dry regions of the Kulunda Steppe, the high salinity of the soils’ surface makes crop 
production very difficult (solonized chernozems by the valleys of Kulunda and Burla).

2.1.2 � Farm structure

The study focuses on the agricultural enterprises with the legal forms of individual entre-
preneurs with full liability (Private (Peasant) Farm (PPF) or Individual Entrepreneur (IE)), 
and agricultural organizations (Liability Limited Company (LLC), Joint Stock Company 
(JSC), Agricultural Productive Cooperative (APC) and State Agricultural Organisations). 
Subsistence plots are excluded from the analysis in this study.

According to statistical data for Altai krai, average sown area of PPF or IE covered 
986 hectares in 2015 (2031 farms cultivated 2003 thousand hectares). Average sown area 
of an agricultural organization (LLC, JSC or APC etc.) equaled 4.3 thousand hectares (781 
organizations cultivated 3321 thousand hectares) in 2015 (REESTR 2012–2015; ROSS-
TAT 2019).

2.2 � Economic viability of reduced tillage—the overall view

Agricultural economists emphasize that economic decisions are intended to maximize 
profits based on existing physical input–output relationships (i.e., production functions) 
and price relations (e.g., Knowler and Bradshaw 2007, Llewellyn et al. 2012; Pannell et al. 
2014). Most studies in the area of reduced-tillage economics examine the profitability of 
cropping systems for selected regions, cultivation technologies and crops, abstracting from 
whole farm consideration (e.g., Meyer-Aurich et  al. 2006; Ozpinar and Ozpinar 2011; 
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Singer et al. 2010; Zentner et al. 2002). The reason for this approach is that economic out-
comes of conservation agriculture are farm specific, due to the heterogeneity of regions, 
institutional factors, interest rates, farm size, risk attitudes, access to markets (for inputs 
and outputs), resource endowments, farming systems, and farm management skills which 
makes generalizability of the results very difficult. In the following literature review, we 
provide examples of studies that examine effect of various reduced-tillage technologies and 
crop rotations on farm economics. Particularly, we consider the results on effect of soil 
tillage on risk, costs of labor, fuel, machinery and chemicals and residual income. Meyer-
Aurich et  al. (2006) examined the effectiveness of eastern Canadian cropping systems 
using the results of a 20-year field trial that included 15 cropping systems. The systems 
varied by crop choice and tillage system (mouldboard and chisel plow). The net returns 
identified in the study were affected by tillage and rotation, as well as by the interaction 
between tillage and rotation. Furthermore, the level of diversification of rotations reduced 
the volatility of net returns. This finding makes diversified rotations more attractive to risk-
averse producers.

Ozpinar and Ozpinar (2011) compared three tillage systems in a semiarid region of Tur-
key: (1) rototiller (shallow) tillage, (2) conventional tillage with mouldboard plow, and (3) 
chisel tillage. They found that labor input varies across tillage systems. The highest labor 
input for wheat was with mouldboard plow, and the lowest was with chisel. Labor savings 
from reduced tillage have also been found in other studies (Raper et  al. 1994; Weersink 
et al. 1992). The total cost savings from using chisel and rototiller tillage instead of mould-
board plow were found to be approximately 17%, due to the reduced number of field opera-
tions and thus reduced labor, fuel and machinery costs. These findings contradict those of 
studies in dry environments, which have found that the total cost of producing crops using 
reduced-tillage systems is higher than that of conventional tillage systems (Sánchez-Girón 
et al. 2004; Zentner et al. 2002). For instance, Zentner et al. (2002) examined the economic 
performance of different rotations and tillage systems in the sub-humid black soil zone of 
Saskatchewan. The study included three crop rotations and three methods of tillage: (1) 
conventional tillage, (2) minimum tillage, and (3) zero-tillage. Although annual production 
costs for crop rotation systems went up with cropping intensity and diversity, these costs 
were not influenced by the tillage system. This resulted from the fact that the cost savings 
for labor, fuel, and machinery were more than offset by the higher herbicide costs.

Becker (1997) analyzes the economics of soil cultivation systems for different farm 
sizes in Germany. He compares the economics of four cultivation systems (1. conventional 
tillage with mouldboard plowing, 2. conservation tillage with loosening, 3. conservation 
tillage without loosening, and 4. direct drilling). He compares four farm models (75 ha, 
150 ha, 500 ha, and 2000 ha) and calculates the residual income for the four cultivation 
systems. The conservation tillage without soil loosening produces the highest residual 
income. For Russian conditions, Polyanskaya (2012) investigated the profitability of (1) 
traditional tillage, (2) min-till, and (3) no-till systems for winter wheat in Nizhegorodskaya 
oblast. The author found that fuel costs were 4% and 48.4% lower for min-till and no-till 
technologies, respectively, compared to the traditional tillage system. Furthermore, profit-
ability with the conventional tillage system was 51% and 19% lower than profitability with 
zero-till and min-till technologies, respectively. Although labor costs and depreciation were 
reduced in the min-till and zero-till systems, the yield was same for the tillage systems. 
Karakulev et al. (2004) show that in the forest steppe of Orenburgskoy oblast spring wheat 
yield increased with the zero-tillage system. Pykhtin and Gostev (2012) discuss reduced-
tillage systems in Russia and conclude that outcomes of tillage systems are farm specific 
and depend on the natural regional conditions.
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The majority of the above-cited studies found that in min-till and zero-till technologies 
the costs of labor, fuel, machinery, and repair are lower than the costs of conventional till-
age. According to some studies, this effect is thwarted by the increased herbicide costs of 
min-till and zero-till soil cultivation technologies. The studies show that yields are strongly 
dependent on site-specific natural conditions (precipitation, soil quality, etc.).

3 � Methodological approach and data

The main aims of this chapter are to describe different crop cultivation systems in the 
Kulunda Steppe and to present the profitability measurements and data used in the analysis.

3.1 � Analyzed tilling systems and farm sizes in the farm models

A number of crop cultivation systems are currently used in the Kulunda Steppe. The main 
differences among them are the frequency of mechanical cultivation, its depth, the use and 
frequency of spraying, the use of fertilizers, and crop rotation. No statistics exist regarding 
the systems used in this area. The no-till system is a new system that has emerged in the 
last several years, and rough estimations are that only 2–5% of farmers are using it. Off-
farm experts recommend reduced tilling to address the problems of erosion and soil deg-
radation specific to the Kulunda region, as well as the global problem of climate change.

The defined farm models use three technologies in the studied forest area of the Kulunda 
Steppe: (1) old Soviet intensive tillage technology (OS), (2) modified Soviet reduced-till-
age technology (MS), and (3) modern Canadian no-till technology (MC). Both the modi-
fied Soviet and modern Canadian technologies use reduced tillage to prevent soil erosion. 
We define two types of plant rotation commonly implemented for these three technologies. 
Plant rotation in the old Soviet system differs from plant rotation in the other two systems. 
In the old Soviet system, only wheat is cultivated and fallow is used after 2 years of wheat 
cultivation.

In the forest steppe, OS entails deep cultivation in fall and chisel cultivation in spring 
(Table  1). Neither spraying nor fertilizer is used in this system. The crop rotation is 
wheat–wheat–fallow.

The modified Soviet tilling system (MS) is a reduced-till cultivation method in which a 
chisel cultivator and drill are used before seeding. Spraying in fall is regularly necessary, 
but spraying in spring is conducted only in cases of weed pressure. In addition, fertilizers 
are spread while sowing. The crop rotation is wheat–field pea–wheat–sunflower.

In the adapted modern Canadian no-till technology (MC), spraying in fall is obligatory, 
whereas spraying in spring is conducted only in cases of weed pressure. Fertilizers are 
spread while direct seeding. The crop rotation is wheat–field pea–wheat–sunflower.

We constructed farm models with three arable land areas (500  ha, 5000  ha, and 
15,000 ha). The area of 500 ha was chosen because it represents a typical acreage of pri-
vate peasant farms (PFs) and individual entrepreneur farms (IEs). The 5000-ha area repre-
sents medium-scale private peasant farms (PFs) and individual entrepreneur farms (IEs), as 
well as smaller agricultural organizations (AO). Large farms (primarily agricultural organi-
zations) are also important in the Kulunda Steppe region. Therefore, the acreage of the 
third farm models is 15,000 ha. 15,000-ha farm is a management unit that is usually man-
aged centrally without separate smaller management units. Instead, spatial plant rotation 
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over the farm’s total acreage is adjusted to fit the transport of machinery. The plant rotation 
in all three farm models is same.

3.2 � Profitability measurements and data

To compare the economic competiveness of the tillage systems under investigation, we 
need a measurement of profitability (performance measurement) that is as simple as possi-
ble but includes all of the costs and benefits that vary depending on the tillage system used. 
We emphasize that the subordinate performance measurements, such as yields or sales, 
on which non-economists occasionally focus, are not capable of informing us about the 
economic performance of the various systems. We use the measurement residual income 
to measure and compare the economic performance of the different tillage systems and 
associated production programs. When calculating the residual income, we do not consider 
fixed costs (such as the farm manager’s salary) that are not affected by the choice of tillage 
system and production program.

Based on the general approach to cost and activity accounting, we sequentially compute 
gross cost–benefit measurements to assess the economic performance of the different sys-
tems (Table 2).

Beginning with the likely yields and sales, the first step is to deduct the direct costs 
(seeding costs, plant protection costs, etc.) including fuel and calculate an initial cost–ben-
efit measurement (margin) called sales free of direct costs. The sales free of direct costs 
performance measurement is an imperfect proxy of the (short-term) operating income 
because variable labor and machinery costs are not yet deducted. For labor, we cannot dis-
tinguish between fixed (e.g., permanent labor) and variable (e.g., seasonal labor) compo-
nents. Regarding the machinery cost, we only have a total expert estimate, i.e., without the 
detailed information if machinery is used, for example, above depreciation level or below. 
Because we are unable to separate the variable components of labor and machinery costs 
from their fixed counterparts, we cannot compute the conventional gross margin (sales 
free of all variable costs). Instead, in one additional step, we deduct all labor and machin-
ery costs from the sales free of direct costs. We call the resulting performance measure-
ment residual income. The residual income incorporates all the long-term consequences 
of choosing one tillage system over another. All costs and benefits that vary depending 
on the choice of the tillage system are considered. Hence, residual income is an adequate 
performance measurement and decision calculus for farmers who must choose among the 
different systems. In this context, it should be noted that the identification of an adequate 
performance measurement does not eliminate the uncertainty of future outcomes. The 

Table 2   The gross cost–benefit 
measurements used to assess the 
performance of cropping systems

a In our data base, fixed labor costs (permanent labor) and variable 
labor costs (seasonal labor) could not be separated

1 + Sales
2 − Direct cost
3 = Sales free of direct costs
4 − Fixed and variable labor costsa

5 − Machinery cost (depreciation + interest)
6 = Residual income
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reliability of the rank order of the different systems will thus depend critically on the fore-
casting quality of the data and expert estimates that are used in the computation of residual 
income.

In the following section, we describe the calculation of the profitability measurements 
and identify the data sources used.

3.2.1 � Sales free of direct costs

We first calculate the sales free of direct costs. We present the sequential approach to this 
calculation because it allows us to compare the parameters that affect the income of differ-
ent cultivation systems.

Crop yield was assessed by two experts: one German1 and one Russian,2 based on aver-
age weather conditions and a very good management system. Crop prices were obtained 
from the Agroserver (2015) website for the year 2014.

Direct costs were calculated using cost data for seeds, herbicides, fungicides, insecti-
cides, seed treatment, fertilizers, and fuel. The German1 and Russian2 experts assessed the 
production parameters of the different technologies in the forest steppe. The assessment of 
both experts differed in some estimations. Therefore, the first author of this paper met both 
experts and confronted them with the differences. The experts discussed these differences, 
and at the end they adapted the estimations of production parameters so that both agreed 
upon.

The fuel costs per ha for the three technology systems were estimated separately for 
each crop. Fuel costs were estimated only for the 15,000-ha farm. We used this estima-
tion for the 5000-ha farm as well. For the 500-ha farm, we added 25% to the costs of the 
15,000-ha farm because fuel costs increase for smaller acreage plots.

3.2.2 � Residual income

To quantify the effects of the selected technologies on profitability, the effect of each tech-
nology on labor and machinery costs must be taken into consideration, which is done in the 
calculation of residual income:

The labor costs per ha for the three technology systems were estimated by an expert (T. 
Meinel) separately for each crop. The expert estimated labor costs only for the 15,000 ha 
farm. Thus, we adjusted the costs for the 5000-ha and 500-ha farms because labor costs 
increase for smaller acreage plots. For the 5000-ha farm, we multiplied the expert’s estima-
tion by 1.3, and for the 500 ha farm, we multiplied the estimation by 1.7, as suggested by 
the German expert.

The average annual costs of machinery are usually calculated as the sum of a) deprecia-
tion, b) interest claim, and c) annual operation costs associated with the use of the machine 
(repairs, consumables, and insurance).

(a)	 Average annual depreciation We determined the useful life of all machines according 
to farm size as 12 years (500 ha), 10 years (5000 ha), and 8 years (15,000 ha), with no 

1  Dr. Meinel has studied soil cultivation in the Altai krai for approximately 15 years.
2  Prof. Belayev (Professor at the Farm Mechanisation Department at the Agrarian University in Barnaul) 
has investigated soil cultivation technologies in Altai krai for two decades.
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residual value at the end of the machine’s useful life. We calculated the average annual 
depreciation of both imported western machinery and Russian machinery. Because the 
exchange rate changed dramatically over the last 3 years (1.1.2013—40.19 RUB/€, 
1.1.2015—71.93 RUB/€, and 27.10.2015—69.06 RUB/€), we calculated the prices of 
imported western machines based on an exchange rate of 60 RUB/€.

(b)	 Average interest claim We used an interest rate of 12% p.a. (interest rate—interest rate 
subsidies) in the calculation, an average fixed capital of 50% of the machinery acquisi-
tion price (which is typically used for machinery), and a residual value of zero.

(c)	 Annual operation costs associated with the use of the machine (repairs, consumables, 
and insurance) were not considered in this calculation because we could not obtain 
reliable data on these costs. The experts denied assessing this cost with the argument 
that it varies tremendously.

We determined the average annual depreciation and the average interest claim per hec-
tare of farm.3 In the Altai region, farmers are using Russian machinery and imported west-
ern machinery. The price of imported machinery is significantly higher than the price of 
local machinery. The price of imported machinery has increased recently due to the depre-
ciation of the ruble. The lower price of Russian machinery is also due to state subsidies for 
these purchases. Therefore, in our model, we are calculating the costs based on two sets of 
machinery (Russian and imported). In reality, farms use a combination of imported and 
domestic machines.

The German expert assessed machinery needs for 500-ha, 5000-ha, and 15,000-ha farms 
in the forest steppe in Altai krai and provided us with prices (in euros) for imported west-
ern machinery since the beginning of 2015. The 015 prices of machines produced in Rus-
sia were taken from the Rosagroleasing website (in Russian rubles). To compare the prices 
of imported machinery and Russian machinery, we calculated the price in euros using the 
average exchange rate in 2014 (60 RUB = 1€). In the farm models, varying machines sizes 
are used to account for varying farm models’ size. The numbers of machines used in the 
different farm model technologies according to expert knowledge and their market prices 
are presented in Table 11 in “Appendix.”4

There are numerous similar machines in the market from different producers and at dif-
ferent price levels. We selected the cheapest new Russian machines that we found in the 
market. There are certain size differences between imported and Russian machines. For 
instance, to our knowledge, Russian-produced direct pneumatic seeding machines have a 
maximum size of 3 m, whereas imported machines have a maximum size of 6 m. Regard-
ing the list of required Russian machines, we had to substitute the imported pneumatic 
direct seeding machine with two Russian machines. In addition, we found that the maxi-
mum size of sprayers in the Russian market is 4000  l/28  m. Thus, for the largest farm 
(15,000 ha), we took two units of this machine. Furthermore, two machines on the list of 
imported machines (the mechanical seed drill (7.2 m) and deep-tiller (ripper) PG 3–5, 3 m) 

3  With regard to machinery requirement for follow, it must be noted that the mechanical follow is cultivated 
six times during the vegetation period: once using a deep cultivation and five times using flat cultivation by 
harrow.
4  As mentioned previously, machinery prices have changed significantly due to the depreciation of the Rus-
sian ruble. Thus, machinery costs were calculated based on the exchange rates that prevailed before (40 
RUB/€ exchange rate) and after the crisis (60 RUB/€ exchange rate). However, only the more current results 
are presented here. Data regarding the cost of machinery before the exchange rate crisis are available upon 
request.
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were replaced with Russian machines because the expert explained that imported machines 
are not used in the studied region. However, several machines on the list (such as the direct 
pneumatic seeding machine 18 m, combination strip tiller with seedbed conditioner—8 
and 12 rows, and trailed sprayer 11,200 l/30 m) are not produced in Russia. Therefore, we 
had to replace them with imported machines in the Russian machine set.

Additionally to the residual income calculated based on the estimated yield for optimal 
conditions, we carry out a critical yield analysis and determine the critical yield level as a 
percentage share of the original estimation at which MS and MC would break even with 
OS and produce an identical residual income.

4 � Results and discussion

In this section, we present the results and discuss the effect of technology and farm size on 
sales free of direct costs and on residual income.

4.1 � Sales free of direct costs

In this subchapter, we present the results for sales free of direct costs. We also present the 
intermediary results (for sales and direct costs) to determine how cultivation system and 
farm size affect each parameter.

4.1.1 � Sales

Experts estimated that under optimal weather conditions and management systems, the 
yield for all studied crops is higher with an input-intensive MC tillage system than with 
the other tillage systems. In particular, wheat yield with an MC system is three times 
higher than wheat yield with the input-extensive OS tillage system. We must note that we 
abstracted from the yield the difference in yields between wheat planted after fallow and 
wheat planted after wheat in the OS system. There is also a difference in yield between 
the MC and MS tillage systems. For instance, the yields for peas and sunflowers are 30% 
and 25%  % higher, respectively, under the MC system than under the MS tillage sys-
tem (Table 3). However, the effect of reduced-tillage systems on yield is highly variable 

Table 3   Yield, price, and sales by tilling technology in the forest steppe of Kulunda, Russia

a Yield with optimal weather condition and management, expert estimation 2013
b Average prices for 2014

Yield (dt/ha)a Price (RUB/ton)b Sales (RUB/ha)

Wheat MC 30 7500 22,500
Peas 17 9500 16,150
Sunflower 25 12,000 30,000
Wheat MS 23 7500 17,250
Peas 13 9500 12,350
Sunflower 20 12,000 24,000
Fallow (mech) OS 0 0 0
Wheat 20 7500 15,000
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depending on agro-ecological conditions (Giller et  al. 2009; Gray et  al. 1996; Hernanz 
et al. 1995). For instance, Rusinamhodzi et al. (2011) found that in low-rainfall areas, con-
servation agriculture practices have increased maize yield over time. Several scholars have 
found that under zero-tillage systems, yield can decrease initially but then increase after 
several years (Baudron et al. 2011; Fowler and Rockstrom 2001). Anecdotal evidence sug-
gests that in the Kulunda Steppe, the yield during wet years is higher when the traditional 
cultivation system is used, but in very dry years, the yield is the highest when a no-tillage 
system is used. According to local farmers who use a no-tillage system, in very dry years, 
the yield is often zero when the traditional system is used, but this is not the case when a 
no-tillage system is used.

In the model farms, reduced-tillage systems significantly increase the revenues derived 
from higher yields compared with traditional tillage systems. The highest revenues are 
observed for sunflowers cultivated with an MC tillage system, due to the high average 
price for sunflowers. In contrast, the lowest revenues are observed for peas cultivated with 
the MC tillage system, because of low yield and low price. Price volatility for agricultural 
products is high in Altai krai and has a significant effect on crop sales.

4.1.2 � Direct costs

The direct costs of each tillage system and for each type of farm are presented in Table 4. 
The highest direct costs are observed for the MC tillage system, mainly because of the high 
cost of chemicals. The total chemical cost includes costs for herbicides, fungicides, insecti-
cides, seed treatment, and N + P fertilizers. 1750 RUB/ha of fertilizer costs is estimated for 
the MC system and 700 RUB/ha for the MS. In the OS system, no fertilizers are used and 
the follow is used to accumulate nitrogen.

The pesticides costs for OS are close to zero because pesticides are usually not used 
(or are used in very small amounts) in this system in the Kulunda Steppe. In contrast, the 
herbicides costs for wheat production under the MC system are as high as 2200 RUB/
ha. When discussing no-tillage systems with farmers in the Kulunda Steppe, high her-
bicide costs are often mentioned as a reason why the no-tillage method is not used. 
Some farmers are also concerned about the ecological effect of using large amounts of 

Table 4   Direct costs (RUB/ha) by tilling technology in the forest steppe of Kulunda, Russia

a The chemical cost includes costs for herbicides, fungicides, insecticides, seed treatment, and N + P fertiliz-
ers

Estimation (RUB/ha) MC MS OS

Wheat Peas Sunflower Wheat Peas Sunflower Fallow 
(mech)

Wheat

Seeds 1650 2160 540 1950 2400 720 0 2100
Chemicalsa 8420 5515 9080 3415 1510 3155 0 1075
Fuel (500 ha) 605 605 605 1211 1211 1211 2423 1211
Fuel (5000 ha) 533 533 533 1066 1066 1066 2132 1066
Fuel (15,000 ha) 484 484 484 969 969 969 1938 969
Direct costs (500 ha) 10,675 8280 10,225 6576 5121 5086 2423 4386
Direct costs (5000 ha) 10,603 8208 10,153 6431 4976 4941 2132 4241
Direct costs (15,000 ha) 10,554 8159 10,104 6334 4879 4844 1938 4144
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pesticide. These results are consistent with the findings of Sánchez-Girón et al. (2004), 
who argue that because of high herbicide costs, total production costs in reduced-tillage 
systems are higher than those in conventional practices. The same results are obtained 
by Gray et al. (1996) for Canadian conditions. These authors simulated an increase in 
the price of glyphosate that had a dramatic effect on the relative profitability of zero 
and conventional tills. They stress that the profitability of no-tillage technology depends 
on the purchase of particular herbicides at reasonable prices. In Australia, the substan-
tial fall in the price of glyphosate has played a significant role in the increase of no-
till adoption (D’Emden et  al. 2006). D’Emden et  al. (2006) stress the importance of 
the glyphosate-to-diesel price ratio for the adoption of no-tillage systems and note the 
growing problem with glyphosate resistance, which could negatively affect the adoption 
of no-tillage technology.

In the farm models, the fuel costs per hectare are significantly higher with OS, followed 
by the MS and MC tillage systems. Farm size affects fuel costs primarily due to plot size. 
Specifically, fuel consumption per hectare is higher for smaller plots. Gray et  al. (1996) 
showed in their farm simulation that if fuel prices increase, zero-tillage systems become 
relatively more feasible, although the effect is relatively small. This finding is supported by 
Ward et al. (2010), who showed that the energy crisis of the 1970s was an important factor 
in the early adoption of no-tillage technology on the Canadian prairies.

If we look at direct costs of specific crops, we see that total direct costs for wheat range 
from 4144 to 10,675 RUB/ha, reflecting the differences between tillage systems and farm 
sizes. The highest direct costs for wheat production are observed with MC tillage sys-
tem, followed by MS and OS tillage systems. Direct costs for peas range from 4879 to 
10,675 RUB/ha. On average, direct costs for peas under the MS tillage system are 1.6 times 
less than the costs of the MC system. However, the costs for sunflower production are on 
average two times less for the MS tillage system than for the MC tillage system. Sales free 
of direct costs Sales free of direct costs are depicted in Table 5. For all model farm sizes, 
the result for MC technology is highest, followed by MS technology. The result for OS 
technology is considerably lower than those for the other two technologies.

4.2 � Residual income

In this subchapter, we present the residual income results. We also present the inter-
mediary results (for labor and machinery costs) to show how they are affected by cul-
tivation system and farm size. We compare labor and machinery costs for different 

Table 5   Sales free of direct costs (RUB/ha) for different farm sizes in the forest steppe of Kulunda, Russia 
(based on experts’ estimations)

a This number is calculated using the crop rotation. In MC and MS, crop rotation is wheat, peas, wheat, sun-
flower, but in OS crop rotation is wheat, wheat, fallow

500 ha 5000 ha 15,000 ha

MC MS OS MC MS OS MC MS OS

12,827 11,875 6267 12,795 12,017 6461 12,943 12,114 6591
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technologies with those obtained in studies from other regions. Finally, we provide a 
critical yield analysis for the considered technologies.

4.2.1 � Labor costs

Labor costs per hectare are provided in Table 6. For a 500-ha farm, the labor cost per hec-
tare in a MC tillage system is 4% and 44% lower than the labor costs of the MS and OS till-
age systems, respectively. The indirectly involved labor cost (e.g., administration and man-
agement) was not involved in the calculation. These differences are similar for larger farm 
sizes. If we compare the labor costs of an MC tillage system across different farms, we see 
that the cost of labor is lowest for the 15,000-ha farm. Similar cost savings are observed for 
the MS and OS tillage systems.

These results are supported by other scholars. For example, Gray et al. (1996) and Smart 
and Bradford (1999) report that plowless tillage systems reduce the number of field opera-
tions, which in turn decreases labor costs. The no-tillage system is more complex, and its 
implementation requires a certain level of knowledge. The need for more specialized and 
more expensive workers thus increases. In the Kulunda Steppe region, out-migration of 

Table 6   Labor costs (RUB/ha) 
in the forest steppe of Kulunda, 
Russia (based on experts’ 
estimation)

a Labor costs are calculated regarding the crop rotation. In MC and 
MS, crop rotation is wheat, peas, wheat, sunflower, whereas in OS 
crop rotation is wheat, wheat, fallow. The mechanical follow is culti-
vated six times during the vegetation period: once using a deep culti-
vation and five times using flat cultivation by harrow

500 ha 5000 ha 15,000 ha

MC MS OS MC MS OS MC MS OS

176 183 254 136 141 193 104 108 149

Table 7   Depreciation and interest costs of Russian machinery (RM) and imported machinery (IM) in the 
forest steppe of Kulunda, Russia, 2015

a The price of Russian machines is obtained in Russian Rubles from Rosagroleasing. The effect of possible 
qualities differences on yield is not considered. The subsidies for Russian machines are also not considered

Modern Canadian MC 
(RUB/ha)

Modified Soviet MS 
(RUB/ha)

Old Soviet OS 
(RUB/ha)

Ha RMb IMb RM IM RM IM

Depreciation costa 500 3684.6 8495 1762 5741.4 2524 5763.1
Interest cost 2653 6116.4 1269 4133.8 1817 4149.5
Depreciation cost 5000 1069 2274.6 1306 2981 1482 3077.2
Interest cost 642 1364.8 783 1788.5 889 1846.3
Depreciation cost 15,000 1641 3075 2052 4010.1 2299 4426.4
Interest cost 788 1475.9 985 1924.9 1104 2124.7
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young specialists and a lack of skilled labor are prevalent (Bednaríková et al. 2016; Ser-
gienko et al. 2013; Shibaeva 2012). This deficiency can hinder the implementation of no-
tillage systems in the area and make no-tillage systems more expensive.

4.2.2 � Machinery costs (depreciation and interest)

Table 7 presents machinery costs (depreciation and interest) for each farm size and cul-
tivation system. For 500-ha farms, depreciation costs for imported machines with MS 
tillage systems are 48% and 0.3% lower than with MC and OS tillage systems, respec-
tively. These differences increase if Russian machines are used. Specifically, the use of 
Russian machinery with an MS tillage system reduces depreciation costs by 109% and 
43% relative to MC and OS tillage systems, respectively. With an MS tillage system, the 
depreciation costs of Russian machines are almost three times lower than the deprecia-
tion costs of imported machines. Because interest costs depend on machine price,5 the 
interest costs for the respective tillage systems are ranked the same order. In other words, 
the lowest interest cost is observed for MS tillage systems using imported or Russian 
machines.

Compared to small farms, 5000-ha farms using MC tillage systems have lower deprecia-
tion and interest costs. In our farm model, if imported machines are used, the depreciation 
cost is nearly 31% and 103% lower under a MC tillage system than under the MS and OS 
systems, respectively. If Russian machines are used, the depreciation cost for an MC tillage 
system is 22% and 39% lower than for MS and OS systems, respectively. Because the inter-
est cost is correlated with machine price, the lowest interest costs are observed in the MC 
tillage system. Under all tillage systems, the depreciation costs of Russian machines are 
nearly two times lower than the depreciation cost of imported machines.

Regarding the 15,000-ha farm, the depreciation and interest costs are lowest with the 
MC tillage system. The depreciation costs of MS and OS tillage systems with imported 
(Russian machines) are 30% (25%) and 44% (40%) higher than depreciation cost of the 
MC system, respectively. Thus, the interest cost is also the lowest under the MC tillage 
system. When we compare Russian and imported machines, we see that for all tillage 
systems, the use of Russian machines decreases the depreciation cost by approximately 
two times.

Table 8   Residual income (RUB/ha) with Russian machinery (RM) and imported machinery (IM) in the for-
est steppe of Kulunda, Russia (based on experts’ estimations)

a RM Russian machines, IM imported machines

Modern Canadian MC 
(RUB/ha)

Modified Soviet MS 
(RUB/ha)

Old Soviet OS 
(RUB/ha)

RMa IMa RM IM RM IM

Residual income (500 ha) 6314 − 1959 8662 1817 1671 − 3900
Residual income (5000 ha) 10,949 9020 9787 7106 3896 1344
Residual income (15,000 ha) 10,410 8289 8970 6071 3039 − 109

5  The bank interest rate on the purchase of both imported and Russian machines is 12%.
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The machinery used for no-tillage systems, especially the seeding equipment, is more 
sophisticated and specialized and farmers often cite increased costs as an impediment to 
the adoption of no-tillage systems (Llewellyn and D’Emden 2010). Our results show that 
in Altai krai, this limitation is especially relevant for smaller farmers. This impediment can 
become less important when machinery is due to be replaced and new machines must be 
bought (Llewellyn et al. 2012).

4.2.3 � Residual income

The residual income (sales free of direct costs, labor costs, and machinery costs) of the 
analyzed crops with the three tillage systems and three types of farms is presented in 
Table 8. In 500-ha farms, the highest residual income per hectare is observed under the MS 
tillage system for both domestic and imported machines. The results for the MC and OS 
tillage systems show negative residual income with imported machines. The highest resid-
ual income with imported machines is achieved under the MS tillage system. The residual 
income under the OS tillage system is negative. If Russian machines are used, residual 
income is approximately 1.4 and 5.2 times higher under the MS tillage system than under 
the MC and OS systems, respectively. If the 500-ha farm uses the MS tillage system with 
Russian machines, its residual income per hectare is 4.8 times higher than it is if the MS 
tillage system is implemented with imported machines.

The results for the 5000-ha and 15,000-ha farms are similar. When considering the ben-
efits of the three tillage systems in terms of residual income if imported machines are used, 
we found that the MC tillage system generates the highest residual income—10,949 RUB/
ha and 10,410  RUB/ha—for the 5000-ha and 15,000-ha farm models, respectively. 
Use of the OS tillage system results in the lowest residual income for the 5000-ha 
farm (1344  RUB/ha); for the 15,000-ha farm, the residual income is actually negative 
(− 109 RUB/ha) if imported technology is used. The highest residual income was found for 
MC tillage systems using Russian machinery.

The high residual income generated by the MC tillage system in 5000-ha and 15,000-ha 
farms is due primarily to the high yield and reduced input costs for items such as fuel, labor, 
and depreciation. Also other scholars have found that compared with conventional tillage 
systems reduced-tillage systems can increase residual income (Raper et  al. 1994; Smart 
and Bradfor 1999). Impact of farm size on residual income has been found. Llewellyn et al. 
(2012) argue that there is a greater value generated by new seeding machinery across a 
larger crop area. Also this is the factor why larger farms are often associated with the adop-
tion of no-tillage systems. For larger farms, even labor and fuel costs per hectare are lower 
than for smaller farms.

4.2.4 � Critical yield

Additionally to the residual income calculated based on the expert estimates for yield under 
optimal climatic and management conditions, we provide a critical yield analysis (Table 9). 
We determine the critical yield level as a percentage share of the original expert estimates 
at which MS and MC would break even with OS6 and produce an identical residual income.

6  OS is the conventional technology that usually uses Russian machinery. We therefore assume Russian 
machinery equipment when calculating the costs of OS.
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The critical yield level in the MS technology amounts to 61% of the original expert 
estimate for yield for the 500-ha farm and to 67% for the larger farm models. Looking at 
MC no-till technology gives a different picture. When using Russian machinery, the criti-
cal yields amount to 80% of the estimated yield for the 500-ha farm and to 68–69% for 
the larger farm models. When using imported western machinery (as this is used in the 
no-till system in the area) for the 500-ha farm, the critical yields are 16% higher than the 
expert estimates. For both larger farm models, the critical yield level amounts to 77% of 
the expert estimate for yield.

Considering the wheat yields (wheat is the most cultivated crop in the region), the resid-
ual income of MS min-till technology per hectare breaks even with OS when the yield 
amounts to ca. 1.5 t/ha for all farm sizes. Considering the MC no-till technology with Rus-
sian machinery, the critical wheat yield for the 500-ha farm model is 2.4 t/ha and for the 
larger farms ca. 2.0 t/ha. For MC no-till technology with imported machinery, the critical 
yield is higher for the 500-ha farm model (3.5 t/ha wheat) than for the larger farm models 
(2.3 t/ha wheat).

5 � Summary of the results and conclusions

In this study, we examine the farm-level economics of three crop cultivation technolo-
gies in the southwest Russian Kulunda Steppe. We answer the following research ques-
tion: Does the farm size affect the economic performance of the considered cultivation 
technologies?

Table 10 presents a summary of the cost and residual income results for imported and 
Russian machinery. The results show that under optimal weather conditions and manage-
ment systems, reduced-tillage systems have the potential to contribute to the welfare of 
farmers in the Altai region. If we look at the sales free of direct costs, we see that the MC 
tillage system has more benefits for each type of farm. Moreover, labor costs are lower 
for MC technology compared with the other tillage systems. Although depreciation costs 
per hectare are very low for medium and large farms under the MC tillage system, the 
results show that depreciation costs for small farms are higher with zero-tillage technology 
than with the other tillage systems. Finally, the residual income results of our farm models 
demonstrate that for 500-ha farms, the MS tillage system is the most profitable, whereas 

Table 10   Summary of the results for profitability of different technologies and farm sizes, forest steppe of 
Kulunda, Russia

Farm size (ha)

500 ha 5000 ha and 15,000 ha

Sales free of direct costs MC > MS > OS MC > MS > OS
 Labor costs OS > MS > MC OS > MS > MC
 Machinery cost (depreciation and interest) MC > OS > MS OS > MS > MC

Residual income (Sales free of direct costs, labor 
costs, and machinery costs)

MS > MC > OS MC > MS > OS
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for 5000-ha and 15,000-ha farms, the MC tillage system generates the highest residual 
income.7

The results based on expert estimates show that both reduced-tillage technologies (MS 
and MC) are more profitable than the old Soviet intensive technology under the assumption 
of optimal climatic and management conditions. This gives rise to the question of whether 
the original expert estimates are realistic proxies for annual average yields in the region. 
This question is especially important since yield volatility is quite high in the region and 
the average wheat yield in Altai krai amounted to 1.4 t/ha in 2011–2015 (own unpublished 
results).8 Unfortunately, long-term field experiments that would facilitate reliable assump-
tion regarding annual average yields for different tillage systems are still missing.

To put the results based on the original expert estimates into perspective, we carried 
out a critical yield analysis. The MS min-till technology outperforms the OS conventional 
technology (expert estimates for wheat yield 2.0 t/ha) if the yield is higher than ca. 1.5 t/
ha for all farm sizes. The MS min-till technology breaks even through considerable lower 
critical yields (especially in the 500-ha farm) than the MC system. It must be noted that 
the critical yield level for all variants using capital-intensive imported machinery does not 
give a complete picture of the respective variant’s competitiveness. This is due to our cost 
calculations in which we used the subsidized interest rate that has been made available to 
farmers by the government. Using the real costs of capital ( =  non-subsidized interest rate) 
would increase costs and therefore increase the critical yield levels at which the capital-
intensive systems break even with OS.

The results of this study show positive effect of using modern cropping technologies 
on farm economics in Altai krai. There are also other factors besides the economic ones 
that support the decision to use modern technologies with reduced-tillage and diversified 
crop rotation. For the dry region of Kulunda Steppe in southwest Siberia, the adoption of 
these modern technologies by more farmers would help to reverse soil degradation pro-
cesses particularly the erosion and the negative environmental consequences thereof such 
as dust bowls. Also, the reduced tillage would increase water-retention capacity of soil. 
Further, the fact that no-tillage seeding requires less seeding days and thus prevents the 
yield decrease through late seeding may make it superior to other tillage systems.

Rational farmers would adopt the modern technologies if they would be aware of both 
their positive effect on farm economics and soil quality. The use of old soviet technology 
in the area indicates that the farmers do not have enough information about the modern 
technologies. To increase the adoption rates of new technologies among farmers, the gov-
ernmental extension services should provide farmers with up-to-date information about the 
effects of modern technologies and support them by the conversion to the conservation 
practices. The anecdotal evidence says that it is not the case nowadays. When interpreting 
the findings, it should be noted that like most farms, the farms in the Kulunda Steppe are 
very heterogeneous in terms of factor endowment, natural conditions, and market environ-
ment. Therefore, our model calculations cannot replace management decisions based on 

7  Similar results were also obtained using the pre-crisis exchange rate (40 €/RUB), although residual 
income with the pre-crisis exchange rate is higher than residual income with the exchange rate that pre-
vailed during the crisis (60 €/RUB). These results are available upon request.
8  A total of 92 farms were investigated in the Altai Krai between February 2015 and July 2016. We col-
lected the data through quantitative face-to-face questionnaire surveys. When selecting the farms, our 
aim was to have at least one large and medium or small farm from each rayon in our sample. We closely 
achieved this aim as we covered 52 rayons from 59.
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farm-specific calculations that take into account the conditions of the farm at issue, includ-
ing soil quality, soil degradation status, micro-climatic conditions, the availability of capi-
tal and other inputs, crop rotation requirements, and management and labor skills.

Even though we selected the experts very carefully, the main limitation of this paper is 
that we had to use the experts’ estimations as there were no reliable long-term field trials in 
the area. The statistical business data could not be used as the farmers in the area usually 
use a mix of various soil cultivation systems.
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