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Abstract 

The threats to sustainable agriculture caused by severe land degradation, high soil salinity, and increased 
production costs on salt-affected, irrigated croplands of Uzbekistan, Central Asia, are both challenging and 
urgent. The present wide-spread cultivation practices of wheat (Triticum aestivum L.) and maize (Zea mays L.), 
but in particular cotton (Gossypium hirsutum L.), which was the predominant crop during the Soviet Union 
period (1924-1991) need to be altered by considering improved, technically feasible and economically viable 
practices. Therefore, the economic performance of three innovative crop rotation systems have been assessed and 
compared to Conventional Tillage (CT) practices. The cropping systems were all exposed to Bed Planting (BP) 
with a crop residue cover and included cotton-cover crop-cotton, cotton-wheat, and cotton-wheat-maize. Risk 
assessment was based on commodity prices and included State Procurement Price (SPP) and free Market Price 
(MP), but also variable production and input costs. A linear mathematic optimization model was employed to 
generate various simulations. Financial benefits (expressed in US dollars) were based on 2009 input costs and 
product prices. The findings revealed that Conservation Agriculture (CA)-based practices applied to the cropping 
systems could substantially increase economic returns especially in the early stages of adaption, provided they 
are flanked with appropriate agricultural practices and careful farm managements. 

Keywords: conservation agriculture, bed planting, crop intensification, rotation, price fluctuation, revenue risk, 
Aral Sea  

1. Introduction 

Global agriculture can not yet match the challenges of the coming decades to feed a world population that is 
expected to grow by over a third, or 2.3 billion people, between 2009 and 2050 (FAO, 2009). Over a third of the 
global agricultural ice-free land area is used already for high-intensive, continuous cropping systems that use 
high levels of agrochemicals and intensive tillage and while reshaping land and waterways (CGIAR, 2003). 
Despite past successes, the current practices are known to hamper concurrently the sustainability of agriculture 
as evidenced by irreversible environmental damage. Many industrial agriculture costs have been hidden and 
ignored in short-term calculations of profit and productivity leading to an ill-understanding of the causes and 
cause-effect relations, which is exemplified by the case irrigated crop production in the Aral Sea Basin in Central 
Asia.  

The Republic of Uzbekistan, Central Asia, depends on irrigated agriculture. It is an agrarian country where 21% 
of the active population is involved in the agricultural sector, which accounts in 2009-2011 years for 19% of 
GDP (FAOSTAT, 2012). Uzbekistan is the world's sixth largest producer and third largest exporter of cotton, 
accounting for ca. five percent of the global production of cotton fiber (ICAC, 2011). Historically, cotton has 
been the dominant crop cultivated with heavy machinery, much chemicals and with intensive tillage operations, 
but typified by an inefficient use of irrigation water resources (Devkota, 2011b; Abdullaev; 2009; Tursunov 
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2009). Consequently, up to half of the 4.3 million hectares (Mha) of Uzbekistan’s irrigated land suffers from 
varying degrees of soil degradation (Spoor, 1999; Dubovyk, 2013). Land degradation has in turn been a key 
factor that triggered soil fertility loss and crop yield fall, which accumulated into an annual loss of ca. 1 billion 
USD in 2007 (Sutton et al., 2007).  

Conservation Agriculture (CA) encompasses three major principles, cultivation with reduced or zero tillage, 
establishment of a permanent soil cover for instance through crop residue (mulch) or cover crops, and a judicious 
crop rotation, aimed at increasing production while preserving environment and natural resources. The global 
spread of CA practices has amounted to 155 Mha evidencing its attractiveness to many farmers worldwide 
(Kassam, 2014). Previous studies in irrigated areas identified raised bed planting (BP) as a superior CA practice, 
certainly when compared to conventional tillage (CT) mainly because of its higher energy efficiency (Sayre & 
Hobbs, 2004; Hassan et al., 2005), and lower production costs (Hari-Ram et al., 2013; Devkota, 2011a; Tursunov, 
2009). Recurrently it has been shown that a most appealing part of CA practices for adoption is its short-term 
economic profitability due to a reduction in variable costs, increased energy efficiency, and decrease in farming 
activities and of machinery operations overheads. The environmental long-term benefits, namely improved soil 
quality, carbon sequestration, greater biodiversity for a better ecosystem, usually come at a later stage (FAO, 
2014). Yet, despite the present advantages of CA practices in the irrigated areas of Central Asia, additional efforts 
are required to adapt them to the specificities of the different agro-ecological localizations in the region. 
Refinements and site-specific adjustments to identify optimal combinations of agronomic performance and 
therefore needed which demands comprehensive studies and systematical evaluations of potential strategic 
management decisions (Kienzler et al., 2012). Although the rising energy and input costs as well as the on-going 
soil degradation have all been contributing to make CA practices economically competitive in the region 
(Djanibekov et al., 2008; Muller, 2006) there still is an urgent need to reduce cultivation costs further and 
increase the sustainability of agricultural production. This can be reached by developing and adapting alternative 
technologies in the current and future cropping system in the salt-affected, irrigated lands and while considering 
risk, which had previously been identified as a potential hampering facet (Kienzler et al., 2012). Extensive 
research has been conducted in the different agro-ecological zones of Central Asia to determine the potential 
effects of CA practices on soil quality, plant establishments and farm welfare (Kienzler et al., 2012). However, 
limited research has addressed the combined influence of tillage, planting system and mulching for cotton-based 
rotation systems on crop productivity and financial benefits. The current comprehensive analysis compared 
therefore the economic performance of various crop rotation systems under different tillage methods while 
considering risk-based commodity prices, and variable production and input costs. Variability in economic 
returns, commodity and input prices, and sensitivity of optimal cropping systems to producer risk attitudes 
formed part of the assessment. 

2. Method 

2.1 Experimental Field Design and Description of Study Region 

The current study draws on findings from field experiments conducted during two consecutive years (2008 and 
2009) in the Khorezm region, an administrative district in western Uzbekistan. Many details on the bio-physical 
aspects have been reported previously (Devkota, 2011b) and therefore only details necessary for this analyses are 
briefly reported here. 

The Khorezm region, located at (60°40′44″ N and 41°32‘12″ E, 100 m asl) experiences an arid climate, with 
long, hot and dry summers and short, cold winters. Long-term mean precipitation is less than 100 mm/year and is 
greatly exceeded by potential evaporation of about 1200 mm (Forkutsa, 2009). 

The experimental field had been mono-cropped with cotton under Conventional Tillage (CT) for more than 20 
years during which annual fertilizer applications occurred in the order of 200:140:100 kg/ha NPK. The 
experiment started with deep-ploughing, land leveling with laser guidance and salt leaching in February/March 
2008. The soil was an irrigated alluvial meadow, with a sandy loam to loam texture (FAO Classification), low in 
organic matter (0.3–0.6%) but low to high salinity (2–12 dS/m).  

The experiment was implemented as a randomized complete block with four replications. It involved two tillage 
treatments as main treatments: Bed Planting (BP) with residue retained (+R) and conventional tillage (CT) with a 
factorial combination of three crop rotation systems namely N1 (cotton-cotton), N2 (cotton-wheat) and N3 
(cotton- wheat-maize). The CT with residue retained (+R) and the BP without residues were not analyzed here as 
previous bio-physical assessments (Devkota et al., 2013a; Devkota, 2011b) showed inferior performance (Table 
1, Appendix A). The experimental subplots sized 550 m2 (11 m × 50 m). 
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Table 1. Experimental design, treatments and crop management used in the scenario analyses 

Treatments N1 N2 N3 

CT C – C C - W C - W - M 

BP C - cc - C C+R - W+R C+R-W+R-M+R 

Note. C= Cotton, cc= cover crop, M= maize, and W= wheat, + R= retained crop residue (or mulch), CT= 
conventional tillage, BP= bed planting. 

 

2.2 Field Preparation, Sowing and Sequence of Cultivation Operations  

Permanent beds (BP) were prepared after completing field preparation. They were shaped with 90-cm spacing 
between furrows, and afterwards not tilled anymore. The beds were 15 cm high and 60 cm wide at the top. The 
width of the furrows was 15 cm. In early May 2008, Cotton (Gossypium hirsutum L., cv. Khorezm 127) was 
planted using a cotton seeder at the recommended seed rate of 60 kg/ha in the center of these beds resulting in an 
average plant density of 45,000 plants/ha. In CT Cotton was sown on the tilled flat land using a seeder with the 
same spacing and seed rate (60 kg/ha). A defoliant (9 kg magnesium chloride dissolved in 200 l/ha water) was 
applied to induce boll opening 10–15 days before the first cotton pick. Since cotton it was the first crop in the 
rotation experiment, wheat straw was imported to satisfy the mulch demands and mulched in the +R plots at a 
rate of 3 t/ha. The residues were surface-mulched in both beds and furrows immediately after seeding.  

Winter wheat (Triticum aestivum L., cv. Krasnodar) was relay seeded into the standing cotton at the 
recommended seed rate of 200 kg/ha on October 10, 2008 coinciding with the moment after the second cotton 
pick. Wheat was seeded in rows at a distance of 22.5 cm (4 rows on each 90-cm bed) with double disk seed 
openers into the standing cotton. As the standing cotton occupied the center of the beds, wheat rows were placed 
on the shoulders and slope of the beds rather than on the top. In CT, seeds were broadcasted manually into 
standing cotton after a single cultivation. A second cultivation covered the seeds, an intervention which is 
commonly practiced by local farmers. Average plant density was 400 plants /m² in both tillage methods. The 
cotton stalks (6 t/ha) were chopped (about 12–15 cm length) and equally distributed over the plot bed and 
surface in BP. In the CT treatments all cotton stalks were cut at ground level and removed from the plots. After 
the wheat harvest on June, 16, 2009, the stover (10 t/ha) was uniformly spread over the BP plots, but both 
standing and loose stover was removed from all CT plots.  

Hybrid maize (Zea mays L., cv. Maldoshki) was sown with a double disk seed opener as a summer crop after 
wheat harvest and at a seed rate of 40 kg/ha with 45 cm row spacing (2 rows in each bed) on June 28, 2009, in 
both BP and CT. The plants were thinned 10 days after emergence to maintain an average plant density of 
50,000 plants/ha. In CT, maize was sown after three cultivations followed by rough leveling, whereas under BP 
no soil tillage occurred aside from drilling in bands of seed and N fertilizer. Grain and stover harvests occurred 
in September 2009. Further details can be found elsewhere (Devkota et al., 2013a; Devkota, 2011b).  

Further on in the treatment N2 and N3, winter wheat was grown as cover crop (cc) prior to cotton planting for 
the treatment N1 in April (Table 1). Neither fertilizer, nor irrigation water was applied after seeding except for 
single flood irrigation during the leaching period in October to prevent salt movement from neighboring fields. 
Two weeks before cotton sowing in April, glyphsate {N-(phosponomenthyl) glycine} was applied to terminate 
the growth of wheat. At this time, wheat was near the booting stage (Zadoks et al., 1974), and had accumulated a 
dry biomass of 1.8–2 t/ha. 

Phosphorus (P) was applied at 160 kg/ha and potash (K, applied as muriate of potash (60% K2O)) at 70 kg/ha for 
both wheat and maize but at 140 kg P/ha and 100 kg K/ha for cotton cultivation. All these fertilizers were 
applied as a basal application during sowing. The N fertilizer was top-dressed through urea granules (46% N) 
with a band application in cotton (at budding (38 days after sowing, days after sowing (DAS)) and flowering 
stages (52 DAS) and in maize (at 32 and 42 DAS). Urea was broadcasted in two equal splits at 172 DAS (F6 
stage) and 190 DAS (F8) in wheat. Further details are reported elsewhere (Devkota, 2013b; Devkota, 2011b). 

2.3 Model Description 

The mathematic optimization and simulation model (Lingo software or LINDO system, 2006) was initially 
developed as a land use planning support tool for decision-making at farm-level. It has here been used for 
integrated ecological-economic optimizations of land allocation based on various types of crop rotations (C-C, 
C-W and C-W-M for CT and C-cc-C and C+R-W+R, C+R-W+R-M+R for BP, Table 1). The model allows for a 
consideration of basic features of agricultural practices in Central Asia (e.g. irrigation, crop rotations, and tillage 
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operations) and the interrelations of dominating production activities. The typical crop sequences in the region, 
cotton-cotton, cotton-wheat and cotton-wheat-secondary crop (maize) could therefore be analyzed. During the 
simulations it was assumed that sufficient irrigation water was applied to satisfy crop water demands. 

The model belongs to the class of linear programming model without integer variables. It is a new approach 
aiming to solving mathematical programming problems, which are usually formulated with mixed integer 
programming (MIP). The model used here is unique way in its way of calculating and a modification of 
previously used MIP models (e.g. Cobuloglu et al., 2015; Cobuloglu et al., 2014; Mohamad et al., 2011; Watkins 
et al., 2011; Alfandari et al., 2009; Sarker et al., 1997). Alfandari et al. (2009) for instance aimed at a better 
control of agricultural space and prevention of deforestation, while covering seasonal needs of farmers. 
Therefore constraints of choice between cultivation and leaving fallow have been included. The current model 
was developed with an attempt to include economic features of optimal cropping systems while imposing 
different technologies and while considering fluctuating commodity price and input cost conditions as risk 
parameters. The length of a single rotation cycle was therefore fixed (two years only). Such challenges could 
address by MIP models, however using many variables with 0 and 1 is complex and error-prone, which is a 
recurrent mentioned drawback of MIP models. Hence, developing an alternative mathematical model for the 
analyses provided the opportunity to precisely formulate the problem using “integer variables” (mostly 0 or 1). 
And maximize the objective function while considering many variables, subject to the constraints typical for 
each variable. The elaboration of a new programming model yielded much more accurate and reliable results 
with minimum errors. The modifications were required to cope with site-specific practices and unique approach 
to solve the same problem. Since the type of analyses undertaken are new for the study region, and since these 
could be implemented with minimum changes in the constraints, extended efforts for validation are not 
appropriate , which is a clear advantage over other, more complex, but also error-prone simulation models 
(Janova, 2012). Similar approaches in modeling crop rotation planning was utilized by Mohamad et al. (2011), 
who employed the LINDO system to maximize total returns at the end of planning horizons. It was argued as 
well to apply the MIP model for longer planning horizons (more than 12 months). On the other hand, Cobuloglu 
et al. (2014, 2015) developed a more sophisticated version of a multi-objective, mixed-integer optimization 
model to analyze tradeoffs and competition between fuel and food product production using switch-grass in corn 
cultivated on marginal crop- and grasslands. Based on these experiences, a calibration and validation of the 
current model was assessed as not necessary. In contrast extended sensitivity analyses are made well as manual 
calculations to test the accuracy of the model outcomes.  

Gross margins (GM) were estimated to explore the financial performance of each tillage-rotation management 
system. The GMs were estimated as GM = GR - TVC; where GR equals the gross revenue from selling 
agricultural outputs such as raw cotton, wheat grain, maize grain, cotton stalk, wheat straw and maize stalk and 
TVC equals the total variable costs which included fertilizer costs (FC), Mulching cost (MC), and Cultivation 
costs (CLC). Rate of Return (RR) was consequently estimated as RR = GM / TVC (Tursunov, 2009) 

2.3.1 Crop Rotation and Crops  

Included in the analysis were a cover crop and three main crops that were considered in combination: cover crop 
(spring wheat) ( 1), maize ( 2), cotton ( 3), and winter wheat ( 4). A month was assumed as the 
smallest time unit. Therefore, the index of a crop rotation cycle was indicated as 	= 1, 2, …	 , where	  is the 
time horizon of crop rotation planning (2 years or 24 months). Here, land was devoted for crop rotation  ( 	= 
N1, N2 and N3) for each crop rotation cycle ( ). 	 	, 	, τ  is a land area in tract  devoted for crop rotation  
at crop rotation cycles	 	 1, 2, … , . So, once the total area of land available for crop rotation planning is 
fixed over the imposed time horizon of a crop rotation planning, the following constraint is considered: 

 ∑ , , , 				 1, 2, …	, ; 	 1, 2, … , 					 (1) 
in which: 	is given total area of tract of land  available for crop rotation planning; ,  is an area of 
idle land in  during period .  

2.3.2 Land Area of the Tract of Lands 

There should be a minimum module of land on which all crop and crop rotation and other technologies must be 
satisfied equally. Once the value of , ,  is determined, one can determine as well how much land is 
devoted to each crop cultivation at each month of the crop rotation cycle (period). Therefore, the main model 
structure parameter is a , ,  = 1 if crop rotation of  cultivates crop 	in month 	 1,2,3; 	1,2,3,4; 	 1,2, … , 24 ; , , = 0 if crop rotation of  does not cultivate crop	  in month . Using , , , 
we can calculate , , , , , the area of tract of land  devoted for cultivation of crop  with crop rotation of 
 in month	  of period : 
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   	 , , , , , , , ,  (2) 

Note: Equation (2) shows , , , ,  is fixed once	 , , , which is free, is determined.  The	 , , , ,  is free as far as Equation (1) is satisfied and therefore it must be optimally determined. Once 
the , , , ,  is determined, the important variables can be estimated as well as the optimization of crop 
rotations and area of lands devoted to cultivation of each crop are easily calculated. 

2.3.3 Input of Fertilizer 

  IF η, α, t, τ ∑ ∑ π η, α, i, j, t L η, i, j, t, τ 	 α 1,2,3  (3) 

in which: , , ,  is a necessary input of fertilizer of  in tract of land  in month  of period  (the 
same amount of (NPK) fertilizer was applied for both tillage practices); , , , ,  is a necessary input of 
fertilizer of  per unit of land devoted for cultivation of crop  with crop rotation  in tract of land  in 
month  (otherwise, it is zero). 

2.3.4 Production of Crop and Byproduct  

(a) Crop production: 

  PP η, j, t, τ ∑ Π η, i, j, t L η, i, j, t, τ        (4) 

in which: , , ,  is products of  in month 	of period  in tract of land  (productivity rate is 
different depending on tillage method);	 , , ,  is productivity of crop  with crop rotation  in tract of 
land η in harvesting month . If no harvest, it is 0 (zero). 

(b) Production of byproduct or crop residue:  

Given that the instruction of three ̅	types of crop residues provided by the three crops (cotton, wheat and maize), 
the amount of crop residue depends on the production of each crop: 

 PR η, β, t, τ 	∑ ∑ Ф β, i, j Λ η, i, j, t L η, i, j, t, τ 		 	β 1,2, … , ξ̅   (5) 

In which: , , ,  is the crop residue of  produced in tract of land  at (the end of) month 	of 
period	 ; , , ,  is (productivity of ) crop residue in month  in land area 		produced by unit area of land  
with crop rotation  devoted for cultivation of crop ; Ф , ,  is structural parameter or timing; it is 1 if area 
of land devoted for cultivation of crop  with crop rotation , produces agricultural residue  at month ; 
otherwise it is 0. 

Note: , , , 	is supply of crop residue of type  in tract of land 	at (the end of) month 	of period . 

2.3.5 Demand and Supply of Crop Residue (Mulch) 

  DR η, β, t, τ ∑ ∑ Γ η, β, i, j λ i, j, t L η, i, j, t, τ    (6) 

Where: , , ,  is the demand for crop residues of type  in tract of land  at month  of period ; , , ,  is the crop residue of type β necessary for one unit of land tract  devoted for the cultivation of 
crop  with crop rotaion  (in CT each type of crop residue is “0”); , ,  is a structural parameter; it is 1 if 
demand for crop residue occurs during the month  for cultivation of crop 		with crop rotation; otherwise it is 0 
(for example, there is no demand for crop residues in CT) 

2.3.6 Revenue From Crop and Crop Residue 

(a) Revenue from crop sale 

  RP η, t, τ ∑ p j PP η, j, t, τ       (7) 

in which:  is price of crop j; , ,  is total revenue of crop sale in tract of land  at month  of 
period . 

(b) Revenue of crop residue sale 

   RS η, β, t, τ 	pcr β PR η, β, t, τ      (8) 

in which: , , ,  is production of crop residue of  produced in  at ( the end of) month 	of period ; 	is price of crop residue of type . 

2.3.7 Variable Costs 

(a) Fertilizer costs 

   FC η, t, τ ∑ pf α F η, α, t, τ    (9) 

 is price of fertilizer ; , ,  is total cost of fertilizers in tract of land  at month  of period . 
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(b) Mulching cost (MC) 

   MC η, β, t, τ 	 		pcr β DR η, β, t, τ         (10) 

in which:  is price of crop residue of type . 

(c) Cultivation costs (CLC) 

Cultivation Cost (CLC) comprised agricultural operation and intervention costs for machinery use, fuel, labour 
and herbicides (Appendix B). This was estimated as: 

   CLC η, t, τ ∑ ∑ pclv i, j, t L η, i, j, t, τ   (11) 

in which: , ,  is total cultivation costs in tract of land  in month  of period  (which is different 
depending on the type of tillage); , ,  are cultivation costs other than fertilizer and mulching costs; 
irrigation, seeds, machine operations and maintenance cost, labor costs of contingent employment, herbicide 
costs) per unit area of land devoted cultivation of crop  with crop rotation , in month .  

2.3.8 Revenue From Crop and Crop Residue  

(a) Gross Margin (GM) 

  GM η, t, τ 	RP η, t, τ 	∑ RS η, β, t, τ –	 FC η, t, τ 	∑ MC β, η, t, τ 	CLC η, t, τ   (12) 

in which: , ,  is net revenue (if it is positive) or/deficit(if it is negative) in  at month  of period  
(unit: USD per ton). 

3. Results 

3.1 Crop yield and Byproducts  

Bed Planting (BP) with mulch increased grain yields and byproducts significantly: For instance wheat yields 
increased by 12% and maize by 29% in BP compared to CT, whilst wheat stover increased by 13% and maize 
stover by 37% (Table 2). Above ground biomass (AGB) and crop residue amounts on BP with mulch were 
superior to CT in all cases (Table 2). In general BP with residue retention showed higher grain yield for wheat 
and maize, but not for cotton. 

3.2 Cost and Revenues  

Farmers often prioritize on-site (direct) benefits rather than off-site (indirect) ones because of their concern for 
attractive, short-term returns from investments. Fertilizer costs for cotton amounted to 128.7 $/ha, which equaled 
about 16-18% of the total variable cost (TVC). In contrast, the share of fertilizers to TVC during wheat 
cultivation ranged between 15-19% and for maize between 14-21%, depending on the treatments (Table 2, 
Appendix B). 

Cultivation Cost (CLC) differed according to tillage treatments and crops (Table 2). These differences (of CLC) 
between tillage systems amounted to 121 $/ha for cotton and ca. 79 $/ha for both wheat and maize. The lowered 
expenses for machinery under CA practices could however not offset the mulching cost that were incurred under 
BP systems owing to the cost of crop residue (99 $/ha, 216 $/ha 330 $/ha) of cotton, wheat and maize. The GM 
in BP exceeded nevertheless that of CT for all individual crops owing to a higher production of crop and 
byproducts. This increase of GM was most apparent for wheat (19%) and very outstanding for maize (28%), 
compared to cotton (in the range of 17-20% only). Similar, positive trends emerged through the Gross Revenue 
(GR) analyses whilst the Rate of Return (RR) analyses indicated contradicting results for wheat and maize due to 
the high costs for mulching. In this case, the RR of CT was much higher than for BP (Table 2). 
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Table 2. Main input parameters for individual crops for economic analysis section of the simulation model 

TRTs 
PP RP PR RS NPK TFC DR MC CLC GR TVC GM RR 

t/ha $/ha t/ha $/ha t/ha $/ha t/ha $/ha $/ha $/ha $/ha $/ha 

cc 0 0 2 65 0 0 0 0 55 65 55 10 0.19

M 3.91 887.6 4.198 125.9 0.43 118.2 0 0 438 1013.5 556.2 457.3 0.82

M+R 5.52 1253 6.16 184.8 0.43 118.2 10 330 359 1437.8 807.2 630.6 0.78

C 3.877 880.1 5.699 205.1 0.44 128.7 0 0 635 1085.2 763.7 321.5 0.42

C-cc(-C) 3.79 860.3 6.008 216.3 0.44 128.7 2 65 514 1076.6 708.1 368.6 0.52

C(-W) 3.916 888.9 5.721 205.9 0.44 128.7 0 0 635 1094.9 763.7 331.2 0.43

C(-W)+R 3.929 891.9 6.002 216.1 0.44 128.7 3 99 514 1107.9 741.7 366.3 0.49

W 7.345 793.2 8.727 287.9 0.43 118.2 0 0 497 1081.2 615.3 466.1 0.75

W+R 8.269 893.1 10.01 330.4 0.43 118.2 6 216 418 1223.4 752.2 471.2 0.62

Note. TRTs= treatments, cc= wheat grown as a cover crop, M= maize in CT, M+R= maize with crop residue in 
BP, C= cotton in CT, C-cc(-C)= cotton with cover crop in BP, C (-W)= cotton from cotton-wheat rotation in CT, 
C (-W) +R= cotton from cotton-wheat rotation with crop residue in BP, W= wheat in CT, W+R= wheat with crop 
residue in BP, PP= crop yield (t/ha), RP= Revenue from raw cotton or grains ($/ha), PR= residue amount 
harvested (t/ha), RS= Revenue from byproducts ($/ha), NPK= total amount of applied fertilizers (t/ha), TFC= 
Total Fertilizer Cost ($/ha), DR= Demand of crop Residue for mulch ($/ha), MC= Mulching Costs ($/ha), CLC= 
overall Cultivation operation and rest of the application Costs ($/ha), GR= Gross Revenue ($/ha), TVC= Total 
Variable Cost ($/ha), GM= Gross Margin ($/ha), (RR) = Rate of Return. 

 

Total revenues from crop production, which included benefits from crop and biomass (byproduct), were affected 
also by the financial value attributed to the residues and mulching activities thus generating Mulching Costs 
(MC). The accumulated biomass of wheat as cc amounted to about 2 t/ha, estimated to be 9% of TVC (Table 2). 
During wheat and maize cultivation, both crops had been mulched with the crop residues from the previous crop 
(100% cotton stalks and wheat straw), which amounted to 6 t/ha and 10 t/ha respectively. In contrast, during 
cotton cultivation only 33% of all crop residues produced by the previous crop (meaning 3 t/ha wheat straw) 
were utilized as mulch as this was considered an appropriate amount (Devkota et al., 2013a). The MC of the 
cotton-wheat-maize cropping system made up a substantial share (13.3%, 28.7% and 40.8%) of TVC, 
respectively. Consequently, the ratio (22 $/ha, 136.9 $/ha and 251 $/ha) in TVC between CT and BP for cotton 
was 1.03, but for wheat 1.22, and for maize 1.45 (Table 2). 

3.3 Sensitivity Analyses: Raw Cotton Price Response 

The profitability of the three crop rotation systems was examined for changes in costs of major inputs and 
product prices. The individual crop price varied from 0% (index equals 0 or no benefit from crop and byproduct) 
to 200% higher (almost equal to MP) than their base SPP 2009 values (taken as 100%). The crop prices 
obviously strongly determined the sensitivity of the economic rankings of the rotation systems to changes in 
absolute and relative price levels. The base value of raw cotton, wheat and maize grain crops determined by the 
SPP, which equaled to 227 $/t, 108 $/t and 227 $/t), and the Market Price (MP) which equaled to 333 $/t, 227 $/t 
and 227 $/t. Maize however was not part of the SPP as not being a strategic crop according to government 
declarations (see also Appendix B). While price (or costs) of the byproducts and other parameters had been kept 
constant during analyses, the effect of an individual product price change on optimized GM of crop rotation 
system (N1, N2, and N3) was calculated. It was hereby assumed that when the revenue from a component crop 
production was “zero”, only profits from the crop residues (res_pr) had been estimated and considered as a 
minimum benefit (Figure 1). The maximum benefits could be achieved at potentially high (at MP or higher) 
prices of that crop production (Table 3). 
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was superior to that of CT. Assuming the rule of thumb that producers prefer production systems that provide 
high economic returns, based on the comparisons of GM for the rotational-tillage treatments at selected price 
scenarios, the results indicated that unless raw cotton price is increased beyond 249 $/t and 267 $/t (9% and 15% 
higher than the price in the base case) in BP and CT respectively (Table 3), farmers would be ill-advised to 
continue C-cc-C and C-C, even when considering the current subsidy levels by the government. Furthermore, a 
back-to-back cotton sequence, to a certain extent still practices by farmers in the study region, would become 
superior to all rotation systems when raw cotton prices would increase to beyond 422 $/t and 443 $/t in BP and 
CT respectively.  

 

Table 4. Gross Margin and its difference (df)s according to rotation-tillage systems in various combinations of 
Market Price (MP) and State Procurement Price system (SPP) 

Cotton ($/ t) 227* df 227* df 333 df 333 df 

Wheat ($/t) 108* I (SPP) 227 II 108* III 227 IV (MP)

Maize ($/t) 227 case 227 case 227 case 227 case 

C – C 643.1 
114.7 

643.1 
114.7 

1465.1 
96.3 

1465.1 
96.3 

C - cc - C 757.9 757.9 1561.4 1561.4 

C – W 797.2 
40.3 

1671.3 
150.2 

1212.3 
41.6 

2086.4 
151.6 

C+R - W+R 837.5 1821.5 1253.9 2237.9 

C - W - M 1254.5 
213.6 

2128.6 
323.5 

1669.7 
214.9 

2543.7 
324.9 

C+R-W+R-M+R 1468.1 2452.1 1884.6 2868.6 

Note, *State Procurement Price (SPP) MP= market price ($/t), df= difference between treatments ($/t), all crop 
prices are at SPP for case I and at MP for case IV, case II and case III are other possible options in the medium 
with mixed commodity prices. 

 

Changes in raw cotton price marginally affected profitability determined by tillage management as introduced 
within the rotation system N2 and when compared to the rotation system N1 and N3 (Figure 1). This is very 
likely due to the difference in GM values of these rotations, which were determined while considering the 
compensation rate of MC in BP caused by added expenses of overhead machinery operations in CT. In cropping 
system N1, the GM differences of tillage treatments (114.7 $/t) was higher than within cropping system N2 (40.3 
$/t), but much lower than in system N3 when considering the assumptions in the base level or case I (213.6 $/t) 
(Table 4). Similar trends were observed for case III, while other cases (cases II and IV) presented quite different 
phenomena at various combinations of crop price. Whereas for case I all prices were set at SPP and for case IV at 
MP, for case II and III possible options in the medium terms were considered for instance through mixed 
commodity prices (Table 4).  

3.4 Sensitivity Analyses: Wheat Grain Price Response 

During the sensitivity test that considered varying wheat grain prices, the C-C and C-cc-C rotations did not 
respond to the changes of this product (Figure 2). The GM under BP was always superior to that under CT for all 
treatments of N1 and N3. For cropping system N2, this was true only after assuming a wheat price of 65 $/t 
(60% of base level) (Table 5), which is caused by the structure of the TVC and owing to different crop 
productivity rates in C+R-W+R and C-W rotations. At this, the TVC of the C+R-W+R system was estimated 
114.9 $/ha more compared to the C-W rotation due to the added mulching expenses in C+R-W+R (Table 2).  

The differences in additional overheads for agricultural operations in CT were fully compensated for by a higher 
productivity of wheat and its byproducts under BP. The GM line of C+R-W+R system maintained further growth, 
but would cross with the C-W-M rotation line at an exceptionally high (559 $/t) product price (not shown). When 
assuming increased wheat grain prices to more than 87 $/t and 98 $/t in CT and BP respectively, the rotations 
systems N2 and N3 rather than N1 (C-C and C-cc-C) would become more profitable (Table 5). The C+R-W+R 
and C-W rotations would become beneficial at even 7 $/t and “zero” product prices respectively, including the 
benefit of byproducts, while the C+R-W+R-M+R and C-W-M cycles generated 575 $/t and 461 $/t GM without 
benefits from wheat grain product (data not shown). These results indicate the combined effect of high maize 
yield and relative high prices of maize grain. The GM of C+R-W+R-M+R and C-W-M sequences could surpass 
that of C-C at 8 $/t and 25 $/t (very low) wheat grain prices, although further balanced with of C-cc-C at 22 $/t 
and 40 $/t crop prices respectively (Table 5). 
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than 94 $/t, C-W-M was superior to C+R-W+R-M+R. The GM lines of C-W-M and C+R-W+R-M+R cycles had 
intersections with a C-C rotation at 71 $/t and 78 $/t, and with C-cc-C at 100 $/t and 98 $/t maize grain prices. 
The C-W-M and C+R-W+R-M+R rotations could become competitive with the C-W rotation at high prices (110 
$/t and 100 $/t) compared to the base level. They would become balanced with C+R-W+R at elevated prices 
(120 $/t and 113 $/t) (Table 6). Even with a “zero” benefit from maize grain, C-W-M and C+R-W+R-M+R 
rotations stayed profitable and yielded 215 $/t and 461 $/t GM at the base price.  

3.6 Effect of Changes in TVC 

For getting in addition a better feeling on the robustness of the findings, the cost characteristics of the 
rotation-tillage systems under BP and CT had been evaluated while assuming a wide range of input price of the 
crops. The potential increases in TVC for each treatment were estimated while assuming that in the case of a 
complete abolishment of the omni-present state procurement policy for cotton and wheat, the increased rate of 
TVC of all treatments would vary from 0 (index equals 100) to 100% (index equals 200) above the prices in the 
base case (assuming the SPP). This allowed determining the sensitivity of the economic rankings for all rotations 
to fluctuations in TVC (Figure 4). Here the GM of tillage-rotation systems at SPP values had therefore been 
adjusted to the relative value of GM at MP prices for each rotation system through artificially increasing the 
TVC. The findings showed that a 100% cut of the state subsidy and services resulted in an 53.8%, 66.6%, and 
93.5% increase in TVC for C-C, C-W and C-W-M rotations under CT, respectively (Table 7). On the other hand, 
a 100% cut of the state subsidy and services resulted in an 52.7%, 60.9% and 93.7% increase in TVC for C-cc-C, 
C+R-W+R, C+R-W+R-M+R cycles under BP, respectively.  

  

Table 7. Increased rate of Total Variable Cost to adjust the Gross Margin of all treatments at two pricing systems, 
and thier relative Rate of Return 

Rotations TVC % 
RR 

SPP MP 

C - cc - C 152.7 1.49 2.02 

C - C 153.8 1.42 1.96 

C+R-W+R 160.9 1.56 2.5 

C-W 166.6 1.58 2.51 

C-W-M 193.5 1.65 2.31 

C+R-W+R-M+R 193.7 1.64 2.25 

 

Table 8. Intersections of Gross Margin lines and relative Rate of Return at increased rate of Total Variable Cost 

Rotations TVC (%) GM ($/ha) RR 

C+R - W+R 
169.3 

1202.9 1.48 

C-W-M 1202.9 1.37 

C+R - W+R 
178.2 

1069.7 1.4 

C+R-W+R-M+R 1069.1 1.26 

C-W 
182.2 

952.9 1.38 

C-W-M 952.9 1.27 

C+R-W+R-M+R 
184.8 

917.2 1.21 

C-W 917 1.36 

C+R-W+R-M+R 
188.8 

825.2 1.19 

C-W-M 825.2 1.22 
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Furthermore, the TVC between two tillage methods was 1.45 times higher under BP due to the high monetary 
value of the wheat straw. As a result, the GM in BP was 8% less than in CT. Tursunov (2009) estimated the 
financial benefits of conservation practices versus CT for cotton and wheat as well and with and without 
mulching in the same region (2004-2006). He concluded that an average TVC for cotton and wheat decreased by 
18% and 35% in CA practices in comparison to CT. As a consequence, GM increased up to 5% and 30% in 2006, 
respectively. Tursunov (2009) stated that savings in production costs for fuel, labour and machinery could be as 
high as 45- 116 $ per ha when using CA practices in Uzbekistan. It should be noted however that the MC 
considered here are a result from the agronomic demands of the trial from which the data was taken (Devkota et 
al., 2011b) and since the time horizon considered here was only 24 months. Such high MC could be avoided in 
practice when preparing a shift from CT to CA practices well in advance (Kienzler et al., 2012). 

4.3 Price Response to Individual Crops and System Productivity 

The cotton-based cropping systems under CT were not as beneficial as under BP while assuming production 
conditions in 2009. Under these conditions, they consistently indicated lower GM for all rotation-tillage systems 
in CT than in BP at any cotton price assumed. Particularly, the C-C rotation was inferior to any other rotation 
system, although it is still is commonly practiced by farmers. This result is consistent with the findings of 
Sommer et al. (2010), who simulated various cropping system scenarios underpinning that a cotton-cotton 
rotation could not compete with wheat-rice or wheat-maize cropping systems under the SPP production 
conditions. Later, the same optimization model was employed by Djanibekov (2013) to evaluate the effects of 
cotton policy changes on land and water use in Uzbekistan. Based on this, possible consequences of policy 
impacts through various scenarios had been analyzed including a stepwise abolishment of the state procurement 
system for cotton production, while determining farm-gate price (524 $/t). Also, the shadow price (of 249 $/t) 
was calculated reflecting the constraints imposed by the cotton production target for 2009. The previous findings 
together with the present ones emphasize that warranted, minimum raw cotton price, even when subsidized, 
makes cotton production competitive with other systems (Table 3). The chain value of cotton (CVC), showing 
average production cost of 487 $/t/ha (Rudenko et al., 2008) is more than 1.5 times higher than that of our 
calculations, which is 321.5 $/t/ha for cotton monoculture crop (Table 2). The simulations findings revealed that 
only at higher than 443 $/t raw cotton prices, a back-to-back cotton cropping system could become superior to 
any other cropping pattern system. Yet, these prices are not only far beyond historic prices, but also it shows that 
as long as farmers are restricted in their crop choice and rotations, their gains are sub-optimal (see also 
Djanibekov, 2008). 

Wheat and maize have also been more profitable compared to cotton in previous studies (Boulal et al., 2012; 
Tursunov, 2009; Hassan et al., 2005; Sayre & Hobbs, 2004). Especially, maize under BP with mulch was the 
most beneficial practice for various reasons. First, it performed better with targeted mulch on a sandy loam soil 
and the crop price is not troubled by state procurement regulations (Djanibekov, 2014). Maize and wheat based 
cropping system (C-W-M and C-W) could stay competitive with cotton monoculture (C-C) at comparatively low 
(as low as 71 $/t and 87 $/t, respectively) crop prices under CT. Compared to a wheat value chain (WVC) 
analyses (Rudenko, 2008), the required crop production (296 $/t/ha) equaled our calculations (466 $/t/ha) for 
wheat under CT. This implies that wheat could compete with other individual crops such as cotton and maize as 
previously postulated (Devkota at. el., 2013a; Sommer, 2010; Tursunov, 2009). Thus, maize-based or intensive 
cropping systems are much more resilient to the increase of component crop prices and are therefore a more 
reliable option for the risk-averse producers in Uzbekistan. The diversification of crop rotations reduces 
production risk in contrast to monoculture cropping. Other scolars observed similar findings (see for instance 
Stanger et. al., 2008; Meyer-Aurich et al., 2006; Zentner et al., 2002; Zentner et al., 1992). 

4.4 Effect of cost Structure and State Policy Changes on Cropping System Profitability 

According to recent findings, complexity in the cost structure and difference in cost distributions for various 
crops, especially when considering tillage-rotational management crops grown under different agricultural 
practice and agronomic conditions, pose difficulties during decision-making (Jeffery et al., 2012; USDA, 2012; 
Delbridge et al., 2011; Guadagni et al., 2005). Many studies underscored that because production costs differ 
according to tillage treatments, and CA practices often requires investments in planters and seeders, savings 
gained from a shift to CA practices at the onset are modest and not conducive to farmers to invest (Jeffery et al., 
2012; Delbridge et al., 2011). Hence, the distinct distribution of the agricultural operations and interventions of 
each tillage system tested created mixed effects on GM. This combined with fluctuating product price introduced 
another risk. In Uzbekistan, the SPP conditions are not only comparatively low (almost twice) compared to the 
MP, but also changeable over time. On the other hand, the government subsidizes all agricultural inputs for 
cotton and wheat production including fertilizer, seed and pesticides (Guadagni et al., 2005), and in addition 
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provides low interest rates for credits and even irrigation water for a fixed, low price (Gilham et al., 1995). It 
also ensures a score of supportive services such as machinery and maintenance of irrigation infrastructure or 
drainage networks, which generate lower variable costs for farmers, often much lower than the actual and true 
costs (Djanibekov, 2010; Rudenko et al., 2009; Abdullaev, 2009). The discrimination in crop support often 
ensures farmers to continue with cotton production despite the uncertainty and ambiguity. Furthermore, the 
actual value of implicit tax (or subsidy) is difficult to calculate (USDA, 2012; Guadagni et al., 2005) and there is 
on-going debate if overall cotton production in Uzbekistan is in fact taxed or subsidized. It is repeatedly stated 
that the design of the current cotton policy is outdated and not a motivation for farmers to produce more cotton 
than the state target (Pomfret, 2008). Djanibekov et al. (2013) argued even that abolishing of the restrictive 
cotton policy would likely cause an increase in cotton yield without affecting its production level. Our results 
showed that abolishing the existing state policy (the state subsidy and service supports), would increase the TVC 
in the range of 1.5-2 fold for various cropping systems (Table 7). Hence, this indirectly showed how 
improvements in the flexibility of farmer’s decision making can improve crop production and farm profits. 
Surprisingly, even without water constraints, when assuming profit maximization, farmers are more likely to 
shift from maize-based intensive cropping system (C-W-M and C+R-W+R-M+R) to wheat-based double 
cropping system (C-W and C+R-W+R) (Table 7), at least a after a deregulation of the current state policy. When 
considering only economic benefits, the choice between cropping systems under BP and CT would not change. 
As mentioned above, the maize price is the same for MP and SPP, while the difference between the two is about 
1.5 fold for cotton and wheat crops. Even when the treatments tested generated equal GMs when assuming 
different but increasing TVCs, the RR of the same treatments varied (table 8). It is likely that a maize-based 
intensive cropping system is prone to generate lower RR due to the stable maize costs regardless the pricing 
systems.  

A number of studies worldwide underlined better economic and environmental positive impacts of CA practices 
in the long run. For example, the findings by Sayre and Hobbs (2004) on wheat-maize cropping system inspired 
the success in an early stage for wheat, but for maize this occurred after about 10 years only. A similar trend 
observed by other scholars during the long term rotation-tillage experiments (see for instance Jeffery et al., 2012; 
Delbridge et al., 2011; Stanger et al., 2008; Meyer-Aurich et al., 2006; Zentner et al., 2002; Sayre & Hobbs, 
2004; Dos Santos et al., 1993; Zentner et al., 1992).  

5. Conclusion  

The study intended disclosing financial and economic benefits when integrating wheat and maize crops into the 
current cotton-dominated rotations and in addition when using conservation agricultural principles (here 
permanent bed with mulch) BP as compared to conventional practices (CT) of cotton, wheat and maize 
production. The maize under BP with crop residue retention (M+R) showed the highest potential, given the 
highest (630.6 $/t) Gross Margin (GM) owing in particular to increased yields (29%). However, this practice 
under BP concurrently had a much lower RR than under CT, owing to the high costs of mulching (MC) which 
were caused by a purchase of the stover at the very onset of the trial. In contrast, wheat under BP with mulch 
(W+R) turned out to be the second most profitable practice that yielded a 16% higher GM than under CT, but a 
1.2 fold lower RR. 

The effect of tillage on cotton yield was not significant over the two years under examination as evidenced by 
similar GMs. On the other hand, the C-cc-C and C-C rotation systems had the lowest profitability among all the 
systems tested and are therefore least likely to be adopted by the risk averse farmers in Uzbekistan, unless higher 
rates of subsidy or better supportive services are to be provided. The scenario analyses showed that at higher 
than 249 $/t and 267 $/t raw cotton prices, which are at present only 91% and 85% of the current prices paid to 
farmers at SPP level, back-to-back cotton cropping systems could be kept competitive with the C+R-W+R and 
C-W rotations. To become the most profitable cropping system, the farm-gate price had to be increased to as high 
as 422 $/t and 443 $/t respectively, which is presently far out of reach. 

At any cotton price tested, the BP practices were more beneficial than CT. This was true for wheat only at prices 
higher than 65 $/t, and for maize at 94 $/t which are presently 60% and 41% of the (SPP) prices paid. In any case, 
findings from previous studies combined with the current outputs underlined that wheat and maize are more 
beneficial compared to cotton even though at present the share of cotton production in the country is about 50% 
of all irrigated lands. Even at relatively low wheat grain prices, the GM of C-W (gain 87 $/t) and C+R-W+R (98 
$/t) crop rotations were equal to the GMs of the C-C and C-cc-C rotations indicating the low profitability of the 
present cotton-dominant systems. With reference to maize, at grain prices as low as 71 $/t, the C-W-M would 
become competitive with the C-C rotation systems whilst the same was true for the C+R-W+R-M+R cycle, 
which could compete with C-cc-C rotation system at a grain price of 98 $/t. The relative ranking according to the 
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profitability was in the order of C-C < C-cc-C < C-W < C+R-W+R < C-W-M < C+R-W+R-M+R. The 
C+R-W+R-M+R rotation ranked on top of the economic ranking among all rotation systems tested and therefore 
seems to be most resilient to an increase in raw cotton prices and increases in costs. On the other hand, at present 
cotton growing farmers have a fixed and warranted cotton price, which is attractive, at least to some extent. 
However, when abandoning all the state subsidies and service support for cotton and wheat, the C-W and 
C+R-W+R crop rotations appeared to have the highest potential, although the current ranking of C-C and C-cc-C 
would not change: C-C < C-cc-C < C+R-W+R-M+R < C-W-M < C-W < C+R-W+R. When assuming a 
liberalization of market prices, the total variable cost (TVC) would increase in the range of 1.5-2 folds in both 
BP and CT systems. 

The main crops grown under BP with mulch provided better agronomic and economic performance and 
generated comparatively higher economic returns even under minimum crop prices and cultivation costs, which 
was due mainly to reduced external inputs combined with sustainable agronomic practices. However, the current 
level of residue amounts (10 t/ha) tested is far from an optimal value, generating substantially high costs (about 
40% of TVC) owing to the high demand for livestock. Thus, supportive studies need to be initiated to evaluate 
the tradeoff that satisfies both sides of interest. Further studies need to be conducted while considering various 
land productivity and water constraints. When there is no water limit, diversified or intensive cropping systems 
are superior to other cropping patterns. Wider of crop options and more diversified crop cycles should be 
involved to evaluate long-term impact of tillage & rotation interactions under various constraints. 
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Appendex A. Crop rotations 
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Crop Rotation No 2
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Crop Rotation No 3
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Note. Here, crop rotation N1 for only in BP with cover crop (C-cc-C) was depicted. Crop rotation in CT, cotton –
cotton(C-C) was back-to-back cotton rotation system without cover crop.  
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Appendix B. Commodity price, cost and revenue variable used to calculate total variable cost and Gross 
Revenue in cotton-wheat-maize cropping system, 2009 

Item Cotton Wheat Maize 

Gross revenue 
Crop price at SPP (US$/t) 227 108 227 

Crop price at MP (US$/t) 333 227 227 

Byproduct 

Crop residues (US$/t) 36 33 30 

Variable costs 
Ammonium-Nitrate (US$/t) 152 152 152 

Ammonium-Phosphate(US$/t) 307 307 307 

Potassium-Chloride(US$/t) 553 553 553 

Seed (US$/t) 735 251 227 

Labor (US$ a person/day) 3.308 3.308 3.308

Diesel (US$/t) 716 716 716 

Electricity (US$/unit) 0.046 0.046 0.046

Note. 1 US$ - 1511 Uzbek Soum in 2009. 
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