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Summary
Agriculture plays a significant role in Uzbekistan‟s economy and food security. Rising
demand for agricultural crops causes mounting pressure for environment and economy. The
sector seems to be in need of transition. This has stimulated agricultural scientists, farmers
and governments to find alternative methods of agricultural practice that would be more
environmentally and economically justifiable, as well as keep or improve the soil structure
and production.
This research aims to identify opportunities of adopting conservation agriculture (CA) in
Tashkent and Sirdaryo provinces. The opportunities in this research will be referred to as fuel
and labour force usage and farmer‟s perception. To achieve the research objective three
research questions were formed:




How much fuel is used in traditional and conservation agriculture?
What is the amount of labour (person-hours) needed to grow winter wheat and cotton
in traditional and conservation agriculture?
How do farmers perceive conservation agriculture?

The reason for including energy (fuel) analysis of agriculture is that energy is the sole product
that cannot be either replaced and or recycled. Labour was included due to the unavoidable
need for increasing the efficiency of agriculture and decreasing the involvement of human
labour. The significance of determining farmer‟s perception is that because, farmers are the
most important stakeholder in the decisions made by the government, thus their viewpoint
should be taken into account on the first place.
To answer these research questions qualitative and quantitative data was collected. To collect
the necessary data 143 farmers in two provinces were surveyed through questionnaires. 15 indepths interviews were held with farmers. The results were analysed using descriptive
statistics. In total, 7 out of 143 farmers practise or practised CA. Interviews were also held
with 7 experts who specialised in agriculture-related fields. 80 farmers from Tashkent and 63
farmers from Sirdaryo provinces participated in the survey. Data collection process took place
during the months April and May 2017.
Conservation agriculture is an agricultural practice based on a set of three principles:
minimum tillage and soil disturbance, permanent soil cover, crop rotation. Conservation
agriculture (CA) and traditional agriculture (TA) is compared to bring a more comprehensive
view. Traditional agriculture represents conventional agriculture. The yields of winter wheat
and cotton were calculated to be higher in CA rather than TA, for 29 and 22 percent,
respectively. The results also show that CA, as opposed to TA, has considerably lower fuel
usage: 80 percent reduction in cotton and 36 percent reduction in winter wheat production. As
well as marginally decreased labour force usage: 3 percent reduction in cotton production.
Farmer‟s perception towards CA diverge. Those farmers who do or did practise CA are more
positive towards CA. For instance, for 13 negative statements about CA, and farmers were
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asked to answer them on the Likert scale (1- strongly disagree, 5 strongly agree), adopters of
CA had an average mean of 2.14, and non-adopters – 3.44. The above shows that nonadopters of CA are prone to dramatize the risks of CA. Over 60 percent of interviewed
farmers pointed out that following issues were experienced by farmers as an obstacle: lack of
equipment and technical support, economic justification due to the price of the equipment,
dearth of demonstrated experiences.
Finally, it was determined that the most motivating factor for farmers to consider the adoption
of CA is using less fuel and labour force. In fact, 35 percent of all farmers labelled the benefit
of CA in terms of fuel reduction as a very important motivating factor in adopting CA.
Economic justification, knowledge and equipment availability were discussed to be foremost
the barriers to a wide adoption of CA. Since the adoption of CA is a long and dynamic
process, the ways of a long-term and continuous partnership between research institutes,
farmers and business should be more elaborately researched. The ways for the creation of a
common platform for communication between stakeholders should be investigated.
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Chapter I. Introduction
1.1 Background of the study
Growing population and higher standards of living put mounting pressure on the food
industry and agriculture. The consumption in the world is growing. The consumption of food
per person per day has increased over the last few decades. Recent statistics show that during
the recent years the production of several key global crops, which constitute around 70
percent of global agricultural calories, has been rising on average by 1.2% (0.9-1.6%) (FAO,
2009). This is substantially lower than needed to feed growing world population (≈2.4%
growth is needed) to double the production of agricultural products until 2050 (Ray, 2013).
Obviously, intensification of agricultural crop production is needed, while this could
potentially damage the environment as a whole. Over the last few years unstable use of
fertilisers and agricultural equipment, as well as water shortages and soil problems, are
making it more difficult to predict the crop yields in Central Asia, including Uzbekistan
(Bates et al., 2008; McCarthy et al., 2001).
This situation has stimulated agricultural scientists, farmers and governments to find a better
method of agricultural production that would keep the soil structure and production intact.
The term conservation tillage, minimum-till or no-till, is a widespread alternative; other
methods could be the use of straw mulch, crop rotation and cover crop (Knowler and
Bradshaw, 2007). The label of “Conservation Agriculture” has recently been used and
promoted by the UN Food and Agricultural Organization (FAO) to name all mentioned
practices. As mentioned by the those who promoted CA, this method intends to make more
effective use of existing resources – soil, water and seeds (FAO, 2001).
CA is based on the following three main principles: minimal soil disturbance, permanent soil
cover and crop rotation (FAO, 2010). Empirical evidence indicates that there are both short
and long-term benefits (lower production cost, increased water productivity, lower erosion,
better soil structure, improved state of soil organic matter (SOM)) of CA-type management,
however, the scale of mentioned merits may vary stemming from the field and period (Hobbs,
2007; Derpsch, 2003; Giller et al., 2009).
Uzbekistan is the most densely populated country in Central Asia and has a population of 31.8
million people as of 1st July 2016 (“Population of Uzbekistan...”, 2016). It is important to
mention that the agricultural sector in Uzbekistan employed 27.0 % of the working population
of the country in 2016 (Uzreport, 2016), and obviously this number is significantly higher
compared to most countries in the world. As for the 1st July 2016, the population is evenly
spread over urban and rural parts of the country, 50.6 and 49.4 %, respectively (“Population
of Uzbekistan...”, 2016). The importance of the agricultural sector in the country can also be
demonstrated by the added value of this sector to the country‟s gross domestic product (GDP).
It is substantial with 18.3 %, in 2015 (World development indicators, 2016). This percentage
has been decreasing from 36.9 % in 1991 (World development bank, 2016). The percentages
were achieved while relying on low agricultural productivity and TA practices, inherited from
the former Soviet Union‟s policies (Gupta et al., 2009).
9

1.2 Problem statement
Cotton (Gossypium hirsutum L.) is produced in more than 100 countries worldwide. Yearly,
around 1,100,000 tons of cotton are produced in Uzbekistan, solely irrigated lands exploited
(Kooistra and Termorshuizen, 2006). Since gaining sovereignty in 1991, the country also had
to gain independence from food imports, and the country started focusing on wheat
production. After 1991 over 86 percent of the arable land was allocated for a cotton-wheat
rotation (Rudenko et al, 2011). Production of cotton and wheat are strategically important
crops, to support food security, employment and foreign exchange (Rudenko et al, 2011). The
production of cotton and wheat are based on the TA that has a range of disadvantages, such as
excessive fuel and labour usage, soil degradation and salinity, low levels of moisture and
humus in the soil. Fuel savings are one of the priorities to keep in mind, as its benefits are
twofold, both environmental and economic.
With the highest percentage of irrigated cropping systems as the main production system
(Kienzler et al., 2012), there is a necessity for changing the agricultural production of the
country. The need of transition to take place in the agricultural practices of Uzbekistan, due
to being outdated and necessitating the labour sources, and as mentioned earlier, making 27.0
% of the population busy with agricultural activities, seems timely. Giller et al. (2009) came
to conclusion in their work about the substantial savings in labour along with other benefits of
CA.
The first research in the field, in Uzbekistan, was done in Tashkent province and resulted in a
decreased exploitation of resources and improved yield of cotton and winter wheat, as well as
improved soil quality (Pulatov 1999, 2002; Pulatov et al. 1997, 2001a, b; Choudhari et al.
2000; FAO 2007, 2009). Knowler and Bradshaw (2007) gave a comprehensible list of
benefits and costs related to the adoption of CA, where they clearly mentioned: “reduction in
on-farm costs: savings in time, labour and mechanized machinery” along with a host of other
environmental benefits and costs. The new agricultural practice will also benefit society. CA
will allow people to be less involved in agricultural production and indirectly contribute to the
increase of social welfare. Moreover, reduced use of equipment will clearly contribute to the
reduction of the CO2 production due to lower use of diverse fuels.
Although the projects are taking place promoting CA as sustainable agricultural practices, the
majority of the projects state that practice of CA is ceased as soon as the projects end. In other
words, farmer‟s perception towards these practices stays unchanged, even with the influence
of the projects. Farmers‟ perception, belief and concerns should be taken into account when
promoting CA. In the end, farmers are those that are most influenced by the decisions at stake,
although they are not the most influential interested party. Addressing farmers‟ needs can
only be adequately estimated when their perception is known.

1.3. Study area
The study is conducted in two provinces of Uzbekistan: Sirdaryo and Tashkent provinces. In
the map of Uzbekistan - Figure 1, the provinces are under the numbers of 10 and 12.
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Figure 1 - Map of Uzbekistan
(source: http://www.nationsonline.org/oneworld/map/uzbekistan-political-map.htm)
Sirdaryo and Tashkent provinces were chosen for the purpose of conducting the research on
CA technology due to the availability of the farmers and networks.
Sirdaryo region is located on the left bank of Sirdaryo river. The area of the province
comprises 5100 km2 and with the population of more than 650000 people. Sirdaryo province
in total has 6395 farms, the average farm size of 35 hectares. Over 85 percent of the fields are
intended for cotton/wheat planting. There are 8 districts in the provinces as shown in Figure 2.
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Figure 2 - Sirdaryo districts
(Source: https://uz.wikipedia.org/wiki/Fayl:Sirdaryo_districts.png)
The study area is Akaltyn district. Akaltyn district in total has 746 farmers, with over 34987
hectares of land.
The targeted farm in Sirdaryo provinces for conducting the research is Pakhtakor farm, as it
has fields that use traditional agriculture and conservation agriculture technologies.
The climate of the region is dry, continental and sunny. The annual temperature in average is
between 13-15 degrees Celsius and the maximum temperatures are up to 45-47 degrees
Celsius. Precipitation levels are different in foothills and plains and is 130-1600 mm and 440620 mm, respectively. During the years, there are about 247 sunny days.
The meadows in the region mostly consist of gypsiferous and light grey soils. A significant
part of the province is covered with starving steppe. The province‟s average soil bonitet is 49
(on a 100 scale). The bonitet grading system of the soil refers to the potential productivity
based on quality and fertility expressed in the scales of 1 to 100. The average soil bonitet of
experimental field is between 52-59 points, which suits the average soil bonitet of 41-60
points (Ahrorov & Niyazov, 2012).
Agriculture accounts for the predominant branch of regional production and is 60 percent of
the total GDP of the region. The main agricultural products are cotton and grain production,
viticulture and horticulture. Another prevalent activity in the region is cattle breeding.
Tashkent region is located in the north-eastern part of Uzbekistan. The area of the province
comprises of 15300 km2 and with the population of more than 4450000 people. Tashkent
province in total has 16925 farms, the average farm size of 17 hectares. Over two-thirds of the

12

fields are intended for cotton/wheat production. There are 13 districts in the provinces as
shown in Figure 3.

Figure 3 - Tashkent districts
(Source: https://uz.wikipedia.org/wiki/Fayl:Tashkent_districts.png)
The specific study area is Urtachirchiq District, which was formed in 1926, with the total
population 163400 people. Urtachirchiq district in total has 939 farmers, with over 29015
hectares of land.
The targeted farm in Tashkent province for conducting the research is an Experimental farm,
as it has fields that use traditional agriculture and conservation agriculture technologies.
The climate of the region is hot mediterranean / dry summer subtropical. The average annual
temperature is 14.2 degrees C. Total annual precipitation levels in average are 420 mm.
During the year, there are about 2870 hours of sunshine per year. According to the Holdridge
life zones system of bioclimatic classification Tashkent is situated in or near the cool
temperate desert biome. The province‟s average soil bonitet is 56.

1.4 Research objective and research questions
This research aims to identify opportunities of adopting conservation agriculture in Tashkent
and Sirdaryo provinces. The opportunities in this research will be referred to as the use of fuel
and labour force and farmer‟s perception towards CA. To reach this, the following specific
research questions (RQ) were formulated.

1.4.1 Research questions
RQ1 – How much fuel is used in traditional and conservation agriculture?
13

RQ2 – What is the amount of labour (person-hours) needed to grow winter wheat and cotton
in traditional and conservation agriculture?
RQ3 – How do farmers perceive conservation agriculture?

1.5 Significance of the study
The research is aimed at producing knowledge related to CA, and the accent lays on three
aspects of it (fuel, labour and farmer‟s perception). The obvious benefits of CA are
overlooked for a variety of reasons, such as lack of equipment, desire and support from the
government. The reason for including energy (fuel, labour) analysis of agriculture is that
energy is the sole product that cannot be either replaced and or recycled (Stout, 2012). Labour
was included due to the unavoidable need for increasing the efficiency of agriculture and
decreasing the involvement of human labour.
Daujanov (2015) conducted a cost benefit analysis, where he calculated that labour and fuel
savings are second and third in terms of the increased profit from CA, just next to the
increased yield (crops considered in the research were: mung bean, cotton and winter wheat).
Nkonya (2011) determined that investing in CA has higher benefits compared to other
resource saving technologies e.g. drip irrigation systems, especially benefits in the form of
degradation abatement. In the meantime, the government of Uzbekistan concentrates its
investments in the following technologies: drip irrigation; use of polyethylene screened
furrows; flexible irrigation piping, syphons etc. (GoU, 2013). Government‟s concern can also
be seen by the fact that it has spent over 672 million USD between the years 2008-2014,
predominantly for the purposes of mending water-pumping stations, drainage network etc.
(Khamraev, 2014). Obviously, government's focus is in diverse aspects of agriculture and
there is meagre attention drawn for the benefits of CA. Therefore, the question is “what could
be the opportunity of CA”. And it has been the purpose of this master thesis to present
opportunities of CA through its benefits as fuel and labour force reduction and identify
farmer‟s perception towards new agricultural practice.

1.6 Organization of the thesis
The research is presented in 8 chapters. Chapter 1 starts off by presenting background
information to CA in the world and Uzbekistan. As well as specifying the significance of the
research for the relevant stakeholders, and to elaborate on the use of the information.
Chapter 2 details typology used for undertaking the research, the concepts of CA and its
origins are described in a more detailed way. Additionally, the works of the researchers in the
field are described.
The methodology applied in the study is described in Chapter 3. The origins of the collected
primary and secondary data are also explained in this chapter. In addition, this chapter gives
elaborated information on the samples and sampling.
The comparison of CA and TA in terms of the yield will be given in Chapter 4. Chapter 5
compares fuel and labour use in CA and TA answers RQ1 and RQ2. Chapter 6 conveys the
14

results of RQ3, elucidating farmer‟s perception towards CA. This is followed by the final
Chapter 7, discussion and finalized with conclusions in Chapter 8. The following Figure 4
shows the overview of thesis organisation.

Figure 4 - Organisation of thesis
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Chapter 2. Literature review
This chapter contains information about the typology of the term CA used in the study. Due to
the existence of diverse ways of classifying conservation agriculture, a more elaborate
definition of the concept is presented. Furthermore, some studies of scientists and researchers
in the field are discussed to show the link and divergence between the studies.

2.1 General overview of conservation agriculture
Conservation agriculture is a set of practices based on three main principles as defined by
FAO (2017):




“Minimum tillage and soil disturbance”
“Permanent soil cover with crop residues and life mulches”
“Crop rotation and intercropping”.

FAO also gives a list of the most noticeable benefits of CA as presented below (modified
from FAO, 2017):
Minimum tillage:
- prevents the process of soil erosion caused by wind and water, in the long run;
- long-term reduction in costs: fuel, labour, time;
- enhances infiltration increases soil moisture;
- improves SOM;
- increases the efficiency of manure or fertilizer.
Permanent cover:
- prevents the process of soil erosion caused by wind and water, in the long-run;
- decreases germination and growth of weeds;
- increases nutrient recycling;
- contributes to carbon sequestration and SOM accumulation;
Crop rotation:
- more efficient water usage, with roots in diverse depths;
- increased fertility and production;
- a decline of diseases and pests.
In order to be classified correctly as a land under Conservation Agriculture all three principles
as described above should be existent. To decrease the likelihood of confusion this research
uses the definition of CA given above. For the purpose of exemplifying the terminology that
causes confusion and is used in some papers, Table 1 is shown.
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Table 1 - Resource-saving practices according to Mitchell et al. (2009)
Term

Land management

Term

Land management

Reduced tillage

15-30% residues preserved

Ridge tillage Seed row is tilled; fertilizer injection;
weed control via herbicides

Conservation
tillage

>30% residues preserved:
reduced soil disturbance

Mulch
tillage

No tillage /
direct tillage

Soil disturbance only at
planting: weed control via
herbicides

Stale
seedbed

Strip tillage

Seed row is tilled; one pass
combining strip tillage and
seeding

Minimum
tillage

>30% residues preserved; limited
passes across the field (only 1-3
passes)
<30% residues preserved; weed control
via herbicides; conventional land
preparation
Reduced tillage passes by 40%

(adapted from Kienzler et al. (2012))
The following table compares adoption of CA by different countries of the world.
Table 2 - Worldwide adoption of agriculture in 2013
Country CA area ‘000 ha 2013

Country

CA area ‘000 ha 2013

USA

China

6,670

35,613

Brazil
31,811
Argentina 29,181

Russia
4,500
Kazakhstan 2,000

Canada

Uzbekistan 2

18,313

Australia 17,695
Total
157001
Source: FAO (2014) - AQUASTAT: www.fao/org.ag/ca/6c.html. More detailed list in Table
17, Annex 3

2.2 Conservation Agriculture in Uzbekistan
So far, conservation agriculture is prasticed, in Uzbekistan predominantly in farms with pilot
projects. AQUASTAT displayed on its website the total amount of land under CA is 2450
hectares (2017). Figure 5 gives a clear idea of the agro-climate in Uzbekistan, the
Abbreviations displayed in the legend of the figure are further elaborated in Table 16 (Annex
3).
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Figure 5 - Agro-climatic zones in Central Asia
Uzbekistan is highlighted with black borders. Details of legends are below
Source: De Pauw (2008). Definitions of the Agro-climatic zones given in the legend are in
Table 16 of Annex 3.
The most noticeable information shown in Figure 5 is that the bulk part of the territory of
Uzbekistan consists of the arid lands with cold winters and warm summers (A-K-W), as well
as arid lands with cool winters and warm summers (A-C-W) and this is the main reason why
80 percent of all the land allocated for agriculture is irrigated. This increases the concern to
search for alternative agricultural practices.
The research conducted by Bronzes (2014) as a dissertation was titled as “Social and
economic aspects of application conservation agriculture technologies in Uzbekistan”. In her
work, the author calculated and found similarities in the costs and benefits of two agricultural
practices (conservation and traditional agriculture), based on the government‟s standards and
farmers actions. Although the author mainly focused on the social and economic aspects of
conservation agriculture technologies, she also included such issues as soil conservation
policies and their influence on the promotion of conservation agriculture. In the meantime,
she gives information about the ways of conserving soil, by penalties and subsidies. The
research is concluded by several points one of which is that CA is not blocked by any political
constraints from the side of government, but it is also not incentivized. The work also claims
that CA is not adopted as a state program, unlike some other countries such as the USA.
One of the recent papers of Daujanov (2016) conducts a cost-benefit analysis (CBA) of the
implementation of conservation agriculture in Sirdaryo region. In his research, the author
carries a CBA on a hypothetical farm, which implements CA in its field. The study involves a
full cycle of crop rotation of 14 years to analyse the long-term benefits and costs rather than
constraining it over the short term. The research indicates that “only savings in fuel and
18

labour cannot always offset additional costs of conservation agriculture”, but since the work
did not take into account benefits in water use, off-site benefits and increase in yield, it is
questionable whether we might draw a completely reliable conclusion about the benefits of
CA. By and large, the study suggested that CA brings positive increasing benefits,
considering that the merits of CA are converted into money.
The paper by Kienzler et al. (2012) identifies the possibilities and limits to CA adoption in
Central Asian Countries (CAC). The author presents information about each country's agroclimatic conditions of the agricultural lands, as well as the implementation of resource
conserving practices. By way of conclusion, the author states that there is a room for
expansion of resource saving technologies in CAC, especially due to the issues related to
water scarcity and land degradation. Furthermore, the critical point of the conclusion is
“enabling agricultural policies backed by the national administration and centring on
providing incentives and alleviating bottlenecks that will encourage farmers to adopt CA
practices”. Eventually, the author completes the work by asserting about the importance of
increasing awareness of policy makers and farmers about the benefits of CA.
Friedrich et al. (2009) elaborates on the background of CA in developing countries while
touching the issues of food security in these countries. Apart from that, the author gives
information about the implications and opportunities of CA for the mechanization of
agriculture with a special relevance to developing countries. Furthermore, the work was
conducted while allowing for institutional as well as political implications for developing
countries; by concluding the point that behavioural change and knowledge acquisition in all
the related stakeholders is crucial in changing over the system of CA. The main conclusion
was put by means of pointing to the necessity of guiding policies that might promote the
sector of agricultural machinery and contribute to the mechanization of agriculture in general.
These conclusions were made in a very general context, including developing countries on a
global scale.

2.3 Fuel and labour costs
For large producers, machinery and fuel costs are regarded as one of the important costs;
therefore, these costs are regarded as one of the most critical ones. The majority of the
research suggests that CA substantially decreases machinery costs. Less fuel will be used in
CA, Also zero tillage implies that big tractors are not needed and fields need only a few
passes over it. On the other hand, there is another side of this simple explanation. For
instance, farmers might consider CA as an additional measure focused on conservation, as
opposed to regarding CA as a complete replacement of their practice. In this case, the effect
of CA on the might be economically counterproductive, as they will need to maintain two
diverse cultivation systems, or else use their existing equipment ineffectively, by exploiting
them on CA fields (FAO, 2002).
To identify this complexity, economists use two types of costs: short-run and long-run. In this
case, the short-run costs consider no change to the capital equipment present while the latter
option includes that change. Mueller et al (1985) conducted a comparative analysis of TA and
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CA and came up with a result that average short-run costs of CA per hectare noticeably
exceed the long-run costs; these conclusions are also supported by the results of the research
conducted by Ibragimov et al. (2011). Nevertheless, costs of CA fell lower than those of TA
even after changing the capital equipment (FAO, 2002). To instantiate, Tony Reynolds who
has been practising CA for over 10 years reported about the benefits of farming under, and
along with the list of miscellaneous benefits of CA he also pointed out that fuel consumption
in his land was decreased from 92 l/ha to 42 l/ha (Kassam and Brammer, 2016).
The evident decrease in the demand for labour in CA spurred a high focus on it. Labour needs
are twice as less in CA as opposed to tillage-based farming, especially due to no longer
needed hardest work of deep cultivation and soil tillage (Friedrich et. al., 2009). In developed
countries, for instance, even relatively insignificant labour-savings make CA attractive to be
adopted. Currently, there are a number of case studies that mention savings in time ensured
under CA as a principal motivation for adopting conservation tillage (Wandel and Smithers,
2000).
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Chapter 3. Methods and materials
3.1 Research methods
Figure 6 points out the paths to the adoption of CA. Non-adopters of CA in the left, bottom
corner have two ways for CA adoption. In a first way, farmers get enough reasons and
motivation to adopt CA, after experimenting with CA they access sufficient knowledge base
to effectively shift to CA. In the “reasons” part, fuel and labour are considered by this study.
Following the arrow comes “Change of Perception”
Another path is the second one when farmers impede adoption due to a list of diverse
stumbling blocks (financial, mindset, technology, knowledge etc.). To deal with those issues
farmers need to acquire necessary knowledge and experience; that is what blocking their use
of CA practices.

Figure 6 - Chart of CA adoption paths
( source: adapted from Bossange et al. (2017))
The two paths indicate that knowledge is imperative for adoption. Therefore, informationsharing and individual experiencing are likely to ease dynamic adoption process of CA.
Clearly, demonstration of successful practices, along with the availability of affordable
technology is necessary for CA to start its effect in the provinces.
This research aims to identify opportunities of adopting conservation agriculture in Tashkent
and Sirdaryo provinces. The opportunities in this research will be referred to as fuel and
labour force usage and farmer‟s perception towards CA. To reach this aim primary data and
secondary data is collected.
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There are several methods for calculating fuel and labour usage. The most straightforward and
fast way is manual bookkeeping of the used fuel and executed work. The aforementioned
method can mostly provide decent accuracy, energy analysis can be performed using this
source of information. Therefore, this method will be utilized in the following study. Indirect
measurements can also be done online, using injection needles and exhaust gas temperature
needle, or else deploying fuel flow meter (McLaughlin et al., 1993).
Surveys and in-depth interviews were conducted with farmers from Sirdaryo and Tashkent
province to acquire primary data. The survey was predominantly carried out to get an insight
into farmer‟s perception towards CA. The questionnaires also incorporated several questions
to discover farmer's socio-demographic characteristics. The questionnaire utilized in the study
is given in Annex 1. All questions in the survey are closed questions, where they have to
choose either - “yes” or “no”, number “1” to “5” - meaning “Not at all important” to “Very
important” (Likert scale), and some other questions with ordinal or nominal categories to be
chosen by the respondent. Some factors such as gender and income are not included in the
questionnaire to avoid non-responsiveness. Since this study is cross-sectional the interviews
and questionnaires were conducted with a respondent a single time.
Secondary data is information from Tashkent City Farmer‟s Association. All the statistical is
accurate for the date of 1st May 2016. This data incorporates statistical data of the results of
optimisation of farm sizes in the regions of the country and the number of farms with the area
they are assigned.
The study focused on the impact of determinative factors regarding farmers‟ perception
towards conservation agriculture.

3.2 Data collection
Primary data was largely obtained through questionnaires and in-depth interviews. Table 3
shows the list of interviewees with whom in-depth interviews were conducted.
Table 3 - List of interviewees
Interviewees

Organisation

1
2
3

Farmers
Farmers
CA expert

Tashkent province
Sirdaryo province
Agrarian university

4

CA expert

GM Uzbekistan

5
6
7
8

Agricultural Expert
CA Expert
CA Expert
GIS Expert

FAO
TIIM
TIIM
IWMI

9

CA Expert

IWMI
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The interviews and questionnaires were conducted in April and May of 2017, in Tashkent and
Sirdaryo provinces. Interviews with experts and farmers were carried out, taking into
consideration respondents‟ willingness and under conditions of complete privacy. The
interviews were of semi-structured format. The structure of the interviews was made based on
discussion with experienced specialists. The recording of the interview was not made for the
purposes of keeping privacy. During the interview, the notes were taken and afterwards, the
most recurring topics and issues were determined. Questions for the survey were initially set
up in English, afterwards translated to Uzbek language and handed out to respondents. The
questionnaire consisted of 11 questions. Questions were intended to find out farmer‟s
viewpoint and experience of CA, as well as record their socio-demographic characteristics.
For the collection of primary data (questionnaires) sampling of the population is needed.
Tashkent and Sirdaryo provinces are the target population. In these provinces, there are, in
total, 23320 farmers, according to the date of May 1st 2016. Due to financial and time
constraints one district from each province were chosen - Urtachirchiq and Oqoltin districts.
These districts were chosen stemming from the principles of convenience sampling. In
Urtachirchiq district there are 939 farmers, while in Oqoltin - 746.
In total, sampling includes 1685 farmers. Confidence interval for the sample is 95 %,
precision is ±8 and p = 0.5 (maximum variability). Sample size (n) was calculated based on
Yamane‟s (1967) Simplified formula:

Here:
n - sample size
N - Population size
e - Level of precision
As a result of calculation sample size is 143 for two districts in two provinces. The amount for
each of the districts is determined from the share of the farmers from their total amount (Table
4):
Table 4 - Sample size in the district
Region

Total number of farmers in the district Sample size for the district

Urtachirchiq
Oqoltin

939
746

143/1685*939=80
143/1685*746=63

Total

1685

143

The resultant number of farmers is achieved as a means of snowball sampling: a few
individuals in the sample are contacted and handed out the questionnaires. Then, they are
asked to identify other farmers in the district. The process continued until the saturation point
is achieved, in terms of the number of respondents. 143 surveyed farmers represent almost 9
% of the study‟s target population.

23

3.3 Data analysis
In the framework of this research, generally, we analyse the opportunities of CA through two
lenses (labour and fuel). This research will make use of different methods for collecting data
to investigate the theme, such as literature review, interviews, semi-structured interviews and
questionnaires. Desktop research is used for conducting literature research. Indoor and
outdoor meetings were carried out for interviews and questionnaires.
Data from the survey were analysed by means of SPSS, to determine the perception towards
farmers. Results were achieved using parametric and nonparametric analyses. Demographics:
age, education, number of years as a farmer were tested for correlation to willingness to
practise CA. The number of crops listed was calculated and compared to farm size. Figure 7
gives an overview of the process of achieving objectives.

Figure 7 - Steps to achieve objectives
Specific research objectives:
1. - Identify and compare fuel efficiency in traditional and conservation agriculture.
Define the processes which necessitate fuel usage.
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In order to achieve that goal, farmer‟s work procedures are investigated and interviews with
farmers who practice both conservation and traditional agriculture are organised. The
definitions of each procedure will be asked from a worker responsible for tractors and
machines. So, the results will allow decision-makers and other stakeholders more closely
observe the processes of agricultural production when making decisions on adopting and
promoting conservation agriculture or traditional agriculture.
2. Analyse and calculate labour (person-hours) needed for the season to grow the crop in
traditional and conservation agriculture.
To analyse and calculate labour necessary, the same data collection methods, as in the
achievement of objective 1 will be exploited. Initially, we will look through and based on this
study we will have interviews with the farmers who have field with conservation and
traditional agriculture. The closely examined aspect of the labour usage will lie on labourrequiring processes that could be reduced, and we will describe these processes based on the
interviews with the workers of the farm. During the interviews possibilities of low labour
farming will be most closes paid attention, this might have influence on the employment, but
in the long run, the overall effect is expected to be positive.
3. Identify farmer‟s perception towards CA
To identify farmer‟s perception towards CA the interviews with farmers will be considered, as
well as questionnaire handed out to them will include questions aimed at finding the answers
to achieve the goal. The questions for questionnaire were derived from the literature review
and personal interviews with experts in the sphere and some experienced farmers. The results
of this questionnaire (Annex 1) of the research will be shown in the form of graphs.
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Chapter 4. Comparison of CA and TA
The chapter presents general information of both farms: Experimental farm (Tashkent
province) and Pakhtakor farm (Sirdaryo province). Additionally, includes the comparison of
the fuel consumption in CA and TA. Further, labour exploitation in two agricultural
production methods is described. Eventually, the results of the surveys are described along
with some tables concerning the farmer‟s perception towards CA.

4.1 Experimental field
The agricultural land of experimental field is 282 hectares. The irrigation is based on a surface
irrigation where furrows are made between rows of crops - furrow irrigation. The type of soil
in Chirchiq Akhangaron river basin mainly consists of grey soil (sierozem). The main crops
planted are cotton and winter wheat. In 2017 the cotton was planted in 109 ha, wheat - 118 ha,
rice - 20 ha, potato - 10 ha, apple/apricot/plum - 20 ha, mung bean - 5 ha (personal
communication with farm representative, May 6, 2017). Usually planted breeds of cotton are
“Gossypium hirsutum L. cv. С-6524” and “AN Bayavut-2”. Winter wheat breeds are
“Triticum aestivum L. vs. Kroshka”, Babur, Tanya, Durdona (personal communication with
farm representative, May 6, 2017).
TA has a crop rotation of cotton - wheat - maize.
Table 5 - TA and CA - crop rotation
Traditional agriculture
Crop
Vegetation period
Cotton
April (May) - September
Winter wheat
October - June
Maize
June - October

Conservation agriculture
Crop
vegetation period
Cotton
April (May) - September
Winter wheat
October - June
Mung bean
June - September
Rye
September - April

Source: (Daujanov, 2015)
The experimental field has practically 90% of the necessary equipment, provided by Tashkent
Institute of Irrigation and Melioration (TIIM) to apply conservation agriculture. Opportunity
also exists to rent the equipment to other farmers, if needed and allowed (personal
communication with farm representative, May 6, 2017).

Pakhtakor farm
The agricultural land Pakhtakor farm is 127.3 hectares. The irrigation is based on a surface
irrigation where furrows are made between rows of crops - furrow irrigation. The average soil
bonitet of Pakhtakor farm is 41 points, which hardly suits the average soil bonitet of 41-60
points (Ahrorov & Niyazov, 2012). The main crops planted are cotton and winter wheat. In
2017 the cotton was planted in 49 ha, wheat - 45 ha, rice - 15 ha, potato - 7 ha,
apple/apricot/plum - 4 ha, mung bean - 5 ha (personal communication with field
representative, May 12, 2017). Usually planted breeds of cotton are “Gossypium hirsutum L.
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cv. С-6524” and “AN Bayavut-2”. Winter wheat breeds are “Triticum aestivum L. vs.
Kroshka”, Babur, Tanya, Durdona (personal communication with field representative, May
12, 2017).
TA has a crop rotation of cotton - wheat - maize.
The Pakhtakor farm just like the experimental field has about 90 % of the necessary
equipment, provided by the TIIM to apply conservation agriculture. Opportunity also exists to
rent the equipment to other farmers, if needed and allowed (personal communication with
field representative, May 12, 2017).

4.1.1 Cotton production in TA and CA
Due to the fact that conservation agriculture was started only since 2016, the data related to
Pakhtakor farm will be considered and assumed as a base for this study.
Cotton is planted and grown on raised beds with 90 cm between beds and no tillage
operations take place. Disturbance of the soil takes place only during sowing processes.
Linted seed is sown at the average weight of 60 kg/hectare while delinted seed at 30 kg/ha. In
Conservation Agriculture N is applied by farmers during sowing, mainly due to the fact that
application of N can disturb the soil in the course of vegetation season. The soil surface
should be permanently covered with mulch. Due to the absent mulch cover, as a cover of the
soil for the first year of application of CA, the wheat straw was purchased and scattered over
the field (personal communication with field representative, May 12, 2017).
In TA as opposed to CA farmer needs to apply a bigger amount of N and has to till the field
with cultivator (personal communication with field representative, May 13, 2017).

Figure 8 - Cotton yield in TA and CA (2016)
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Analysis of cotton yield of on 14th September 2016. The measurement of three fields with
conservation agriculture was done. The results of this study showed that the maximum yield is
on a plot with 100 % CA application and is 3800 kg/ha. Yields on plots with 33 and 66 % CA
adoption about the same, and corresponds to the values of 3220 and 3160 kg/ha, respectively.
On the fields under CA yield averaged 3390 kg/ha, which is 610 kg more than in the TA field.
Thus, the average yield in areas of cotton under CA is higher than the TA for about 22 %
(Figure 8)

4.1.2 Winter wheat production in TA and CA
Winter wheat is planted and grown on raised beds with 90 cm between beds and no tillage
operations take place. Disturbance of the soil takes place only during sowing processes. 240
kg/ha is an average weight of wheat seeds at which it is. In Conservation Agriculture fertilizer
is applied by a farmer in the same amount as in TA. The soil surface should permanently be
covered with mulch. Due to the absent mulch cover, as a cover of the soil for the first year of
application of CA, the wheat straw was purchased and scattered over the field (personal
communication with field representative, May 12, 2017). In CA, fuel consumption is
considerably lower owing to the reduced usage of the machinery. Elaborate information on
fuel consumption will be given in the following chapter.
The planting process of winter wheat takes place while cotton is still there in the field that is
the case both for TA and CA. In CA, meanwhile, the cotton stems, should be cut and left on
the field (Annex 2 for a detailed list of operations for TA and CA). Figure 9 indicates that the
yield of wheat is higher in CA when compared to TA, CA gives almost 29 percent increased
wheat yield.

Figure 9 - Winter wheat yield in TA and CA (2011)
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One of the differences of CA from TA is that wheat straw is to be spread on the field rather
than feeding the livestock. Other operations are similar (personal communication with field
representative, May 12, 2017).

4.1.3 Cover crop in TA and CA
In CA mung bean plays the role of an intermediate crop that is planted after the harvest of
winter wheat (Florentin et al., 2010; FAO, 2009). In traditional agriculture maize assumes the
role of intermediate crop. As Okuda et al. (2013) suggests, mung bean production has lower
financial benefits compared to maize production. There is a probability that maize is chosen
by those who practice TA due to its financial, merits. Figure 10 points out that CA might give
more than 3 times increased mung bean yield.

Figure 10 - Mung bean yield in TA and CA (2016)
Following mung bean, rye is planted and serves as a covering crop in the fall. The herbicide is
applied in the spring, and grown rye is spread on the field. In the year 2014, EcoGIS research
centre in TIIM has measured the biomass of rye and the average biomass amounted to 2396
kg/ha (Pulatov, 2014). Fields are left unploughed from fall until spring in the TA.
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Chapter 5. Fuel and labour consumption in TA and CA
Fuel and labour costs are considered to be the most significant expenses for agricultural
production (Daujanov, 2015). Following figures compare fuel and labour usage in traditional
and conservation agriculture.

Figure 11 - Labour (h/ha) and fuel (l/ha) usage in cotton production, TA vs CA (2015)
The figure given above shows that there is a difference between fuel and labour usage in
traditional and conservation agriculture. The substantial difference can be observed especially
when fuel usage is considered. TA makes use of 5-6 times more fuel as opposed to CA.
Labour needed for the second agricultural practice is lower for only 11 hours/ha (Figure 11).
The staggering amount of human force is due to the fact that picking process of cotton
necessitates of hours of collecting cotton from the field by hands. Thus, cotton is more likely
to save a substantial amount of fuel under conservation agriculture.
Ploughing - the first step of preparing the soil in TA for planting cotton seeds starts in
November, while the first step for CA - irrigation for salt leaching takes place in December.
The final process of cotton production ends with the transportation of raw cotton to
warehouses in September - October for both agricultural practices.
In Figure 12, the information about fuel and labour usage for winter wheat production in two
agricultural practices is given. It is clear that labour needed for producing winter wheat in
both instances is identical, this could be due to the fact that most of the labour intensive work
is done by machines and equipment. When it comes to fuel, there is a noticeable discrepancy.
The difference of 48 litres of fuel saved for each hectare of wheat produced makes
conservation agriculture 36 percent more efficient when compared to TA.
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Figure 12 - Labour (h/ha) and fuel (l/ha) usage in winter wheat production, TA vs CA
(2015)
CA agriculture, which presupposes the rotation of at least three crops throughout the cycle,
assumes winter wheat as the second crop in the cycle. The wheat production commences with
chisel ploughing and transportation of seeds and fertilisers in traditional and conservation
agriculture, respectively. These operations take place either during the collecting process of
the previous crop - cotton or after its total collection, in October. Eventually, wheat producing
is finished with baling wheat straw and evenly spreading wheat straw on the field, accordingly
in traditional and conservation agriculture.

Figure 13 - Labour (h/ha) and fuel (l/ha) usage in maize production in TA (2015)
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Figures 13 and 14 show the usage of fuel and labour for the final crops in the fields for two
types of agricultural practice. Maize production, in this case, is compared with rye and mung
bean production, because they are the last crops in the rotation cycle for traditional and
conservation agriculture, correspondingly. As expected, fuel consumptions for maize in the
field under TA are twice the amount of the fuel used for rye and mung bean combined, in CA
field. With regard to a labour needed, again there is an advantage of CA field, where 20 hours
of a workforce will be saved from each hectare of the field.
In the given sample fields, the final crop for the field under TA start to be planted in June with
ploughing the fields and end with collecting maize stove in October. In the meantime, the case
is different with the field under CA. As stated earlier, there are two final crops that should be
planted after cotton and winter wheat in these fields. Mung bean takes the least time in the
production of the crops, starting planting in July and harvesting, already in September.
Following crop is rye, sowing it in October and finishing the operation in March. The main
function of rye is to be used as a cover crop.

Figure 14 - Labour (h/ha) and fuel (l/ha) usage mung bean and rye production in CA
(2015)
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Chapter 6. Farmer’s perception towards CA
6.1 Context of Tashkent and Sirdaryo regions
During the interviews, farmers expressed the difficulty and individuality of their farms. They
communicated the high diversity of crops and the need for individual care and farming style
for each crop. One of the farmers mentioned that CA might not be applicable for the mix of
crops he grows, „we sometimes change bed width and depth every year, it is not so
comfortable with CA fields‟ and it is difficult to practice CA for his crops. Another farmer
communicated that, „CA might be suitable for the crops that are relatively low cost, while
living in Tashkent province, close to capital, and having higher cost, I will not be able to
compensate for the losses due to rotations of cheaper crops compatible in the fields under CA,
in other words, I am not willing to exchange my profitable crops for less economically
beneficial crop types. In other parts of the country that might be possible due to lower
expenses for rent, workforce etc., but not in our province.‟
A further point expressed by the farmers is that economical aspects of practising agriculture
should be at the forefront of the advantages of the new practices if adopted. One of the
farmers discussed the need of economic justification, „Eventually, if it doesn‟t pay off
financially, then there is no point in practising farming, I would rather stay in business than
not.‟ Indeed, most of the farmers stated that economics played a crucial role, even in the case
of conservation agriculture.
Out of potential 1926 farmers for filling the questionnaire, a total, 143 filled questionnaires
were taken. Practically all of them were farmers, except for several farm managers, who were
assumed to have similar knowledge as farmers do. In the broad list of farmers, it is assumed
that all of them have a responsibility and power for decision-making and that they are key
individuals when it comes to making serious changes, be it in selecting crops or changing
agricultural practices. Of the 143 farmers, a bulk 136 (95 %) were non-adopters, and the other
7 (5%) reported to be adopters of CA (see Table 6).
Interview responses
The existing qualitative data from the interviews indicated to a number of the most repeated
themes. The top repeated topics and the ranking of the beliefs are included in Table 8.
Table 6 - Farmer demographics
Non-adopters
136
Mean age
45
Mean farm size (hectares)
69
Mean years farming
10.9
A more detailed table in Annex 3, Table 18
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Adopters
7
42
98
9.6

Both adopters and non-adopters of CA seem to have the same years of experience and be of
the same age group, however, farmers that did not adopt CA seem to be slightly older and
more experienced. Mean age of adopters - 42, with 9.6 years of farming experience; nonadopters - 45, 10.9 years of experience (see Table 6 above). The level of education doesn‟t
seem to be vastly divergent, with the majority of farmers claiming to have bachelor‟s degree.
With regard to the mean farm size, the mean size of farms with CA is larger than those
without (98 ha vs. 69 ha), as given in Figure 15.

Figure 15 - Size of farms in TA and CA
During the interviews, it was revealed that adoption of CA would require the involvement of a
specialist worker, due to the need of using a different, more complex sowing machine and
calculating the sowing norms in a diverse way. That would only be in the beginning stages of
the adoption. The interviews revealed that, as farmer communicated, „for farmer or farm
manager finding time to visit the field once or twice a day is something that might take
substantial time and attention.‟ In other words, the overwhelming majority of farmers
concluded that more commitment and higher attention was warranted if CA would be
adopted.
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Figure 16 - Crop diversity in farms, TA and CA
Findings show that those who practice CA tend to grow a higher number of crops as opposed
to non-adopters of CA. Division of crops grown by the group of farmers is demonstrated
above in Figure 16. Also, Figure 16 shows that the mean number of crops grown by CA
adopters equals 7, while for non-adopters, substantially lower 4 or 5 crops. It might be
concluded from this that those farmers with CA fields are more open for novelties, and
therefore more likely to grows a diverse mix of crops.
It is important to note that all of the surveyed farmers grow cotton and wheat, that is due to
the significance of these crops in the provinces and due to the sample choosing methodology snowballing. The more comprehensive list of crops grown is presented in Figure 17. The most
noticeable feature of Figure 17 is that adopters of CA have a tendency to grow any crops
(beans, cabbage, rye, alfalfa, melon, garlic, onion, tomato, cucumber, dill) listed below more
often the other group of farmers. The exception is only for maize, which is grown by 60
percent of non-adopters of CA. Crops grown by each and every adopter of CA are winter
wheat, cotton and beans, that is obviously because of the compatibility of these crops with CA
sowing machine parameters.
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Figure 17 - Crops grown by adopters and non-adopters of CA

6.2. Farmer’s perception towards CA
One of the main objectives of conducting a survey was to identify farmer‟s perception
towards CA. The answers to 14 questions concerning CA give information about the
viewpoint of farmers to CA, questions are shown in Table 7 below. The list of the questions is
put in the order of agreement by farmers as being important, as estimated by mean values
assessed by farmers. The strongest agreement by adopters and non-adopters is given to the
statement of „There is not enough demonstrated and successful experience with CA‟. In the
meantime, the agreement can also be observed in choosing four out of six most agreed
statements although the means are substantially diverse (see Table 7). One point which is
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absolutely pivotal to be highlighted is that non-adopters seem to view each barrier larger
compared to the estimation of adopters (see Table 7)
Table 7 - Farmer’s perception towards CA
CA adopters

CA non-adopters

# Question

Mean Rank SD Mean Rank SD

1 How much do you know about CA?
2 There is not enough demonstrated and
successful experience with CA.

4.43
3.71

N/A 0.53 1.85
1
0.49 4.77

N/A
1

0.84
0.46

3 I am satisfied with my current practices.
4 CA is being promoted by environmentalists.

3.00
2.71

2
3

0
3.82
0.49 3.24

6
12

0.49
0.44

5 CA results in more crop disease and weed-related 2.57
losses.
6 There is not enough technical information and
2.43
support available for CA.

4

0.53 3.25

11

0.45

5

0.53 3.88

4

0.81

7 The costs of converting to CA are too high.

2.29

6

0.49 4.01

3

0.56

8 CA will not work for my crops

2.29

7

0.49 3.38

10

0.53

much new 2.14

8

0.38 4.43

2

0.71

9 Converting to
equipment.

CA

requires

too

10 CA requires too many changes in what I‟m
currently doing.
11 CA will not work in my soils.

2.00

9

0

3.51

8

0.66

2.00

10

0.58 3.50

9

0.65

12 CA will not work with my irrigation systems.

2.00

11

0.58 3.08

13

0.44

13 CA fields will not yield as well as
traditional agriculture fields.

1.43

12

0.53 3.83

5

0.72

14 CA is too risky.
1.29 13
0.49 3.60
(1 – strongly disagree, 2 – disagree, 3 – neutral, 4 – agree, 5 – strongly agree)

7

0.82

The difference the substantial difference can also be observed in answering the question „How
much do you know about CA‟, accordingly, those who practise CA had mean agreement
score of 4.43, while non-adopters a mere 1.85.

6.3. Obstacles to CA adoption
Those farmers that have ever used CA have more profound knowledge of it; therefore they
perceive the barriers to adopt new practice more objectively. As a result of that, the responses
of adopters to the questions in Table 7 were consistently divergent, than non-adopters.
Obviously, the practice-based knowledge of adopters played a key role in differences in
answers. Another possibility is that the differences could stem from the character types among
the group of farmers who practised CA as a result of their decision to innovate.
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It can be anticipated that successful adopters of CA have a comparatively more positive
opinion towards CA. If they did not succeed, however, their prior viewpoint of CA would be
strengthened. Among the interviewees in this study, all of those who practised CA were
successful adopters but had to stop practising mainly due to lack of technical spare parts of
sowing machine and lack of support in the initial phases of the implementation. In other
words, external factors had a deciding influence on the cease of CA practising. Furthermore,
the group of farmers that had experience with CA probably conquered the hindrance of the
practice and do not deem these challenges to obstacle anymore. To the question of „CA is too
risky‟, there is a big difference; this results (mean 1.29 for adopters vs mean 3.60 for nonadopters) fortify statements given above.
The statement of „CA will not work with my irrigation systems‟ presupposes that the reasons
for the failure of CA also incorporate such criteria as soil, mix of crops, pest control
techniques, type of soil and available irrigation (see Table 7).
During the interviews, it was clear that some non-adopter farmer had a negative attitude
towards CA stemming from their overly subjective viewpoint, „I saw that CA is not practical
for us, as one farmer I know endeavoured to implement but couldn‟t‟, which show that they
have just a superficial information with regard CA. Indeed, the reason for not adopting CA
fully could actually lie in the lack of spare parts for worn or broken sowing machine, which
was the case in one of the farmers‟ I interviewed. If the field under CA is very visible to
passers-by, there is a probability that passing by farmers might see the condition of the field
and make a conclusion just from a glance. Certainly, the first impression is not an absolute
estimation of the real use and advantage of anything, especially in agriculture.
Some adopter of CA also confessed they practice CA with certain crops, as CA is not
universally applicable to every single crop. But such crops as cotton, winter wheat, mung
bean and rye are certainly provide a good example for the adoption of CA. The key lies in the
width and depth of the beds, as well as the size and norm of sowing the seeds of the crop.

6.4. Economic justification
Table 8 given below, elucidates the main interview themes occurred in the interviews with
farmers. Unambiguously, the topic of economics is shown on the top of the themes. Economic
benefits of the farming are indeed crucial. Farmers that were interview had a similar
conclusion: „The main existing pressure comes from justifying our business economically, the
expenses are substantial: water, fuel, workforce are ever increasing expenses for farmers.‟
Table 8 - Themes in interviews with farmers
Interview themes
Importance of economic aspects of CA adoption

Frequency
12

CA necessitates shift of mindset
CA requires a great deal of learning

11
11

Experimental fields with CA practices are needed

9
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Technical problems with CA
Availability issues of equipment and technical support
Unsuitability of certain crops with CA

11
8

CA requires higher rates of herbicide application

8

Evidently, Figure 18 also indicates that most recurring motivating factors for CA are, or
potentially are clearly correlated with financial gains (fuel, labour, water, equipment). Some
farmers contented that being flexible economically is vital for farmers, as there might always
occur unpredictable expenses or events, „committing to CA alone might prevent that
flexibility to a certain level.‟ Other farmers mentioned that the same profit could be yield
from CA as well as TA. On the other hand, group farmers attribute their non-adoption of CA
to being overly familiar with the existing cropping system, and being unwilling and
unmotivated to change; being risk aversive is one of the idiosyncrasies of the group of farmers
that do not practice CA.
One farmer advised that if there was a report with a well-calculated financial analysis,
showing the cost-effectiveness of CA, the transition to CA would go much more smoothly.
He also expressed the idea that „it is difficult to change long-lasting practice unless there is a
strong motive behind it, for example, those who do not suffer from water shortage would
probably never apply drip irrigation or other water-saving technologies.‟ So, a conclusion can
be made that, while existing agricultural practices are economically justifiable and
technologically accessible, the transition to other practices in big scales is far-fetched.
Adoption of CA
Based on the information exhibited in Figure 18, some four out of five top motivating factors
for CA adopters were, use less fuel, labour, water and tillage implements. Environmental
factors were not in the priority area of concern for farmers when adopting or not adopting CA
(Figure 18). Non-adopters also opted economic factors as a more important element to
consider in adopting new technology. Consequently, the primary short-range economic
benefits appeared to be primary reason for adopting or not adopting CA.
One farmer shared his view that „change of mindset is indispensable to shift the practice we
have been applying for decades, I deem that without changing the way we think we cannot
change the way we do something, that is applicable in any sphere ... and agriculture is no
exception.‟ Adopters of CA confessed that they experienced an enormous change to adopt
CA. Farmers instantiated several points needed for changing mindset compatible for CA and
they included: stepping against the farming approach in practice that has been applied by the
ancestors; setting aside extra time for learning and experience especially in the beginning
stage of shifting to CA, economic motives such as increase in price of fuel, labour, labour
etc.; environmental issues, such as land degradation, less available water resources, increases
in temperature etc. Initially, a great deal of time was spent out in the field in order to get a
deep insight into a new system of farming. „Would be very helpful if we could consult CA
experts and researchers, they would instruct us the aspects of the CA approach, that we are
learning now, learning by doing is good, but it sometimes takes too much time and resources‟
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says one of the farmers. Essentially, those who practise or practised CA show a solid belief in
the more successful adoption of this farming approach in the predictable future, with the
availability of technology and more accessible knowledge.

Figure 18 - Grading of motivating factors for CA adoption
Lack of technical support and implements, was suggested to be solved by one of the farmers,
„If private business owners or farmers could buy the necessary equipment and hire a
specialist, I contend that there would be more willingness to at least try the new technology,
and later adopt CA based on the success of experiment. That way farmers would be able to
use cutting-edge technology and get an excellent support from the experts, before deciding to
buy new implements for CA. This is applicable for not only CA but for almost any other
novelty in the sphere.‟
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Chapter 7. Discussion
The following chapter gives a description for a number of aspects of the research. Weaknesses
and challenges of the research will be discussed, along with the strategies to eliminate them.
In the discussion part, the comparison of this work with other studies will be highlighted.

7.1. Weaknesses and Challenges
Initially, there was a somewhat ambiguous connection between labour, fuel and farmer‟s
perception, as to a non-expert reader, it might come why exactly these parameters, as there are
many more of them that seems equally important. But in this study fuel and energy were
selected because of their environmental, economic and social benefits. It was a risk and
challenge to study, compare and calculate these two facets of CA and TA. But it was
performed anyways with the importance of those aspects and the expectation that farmers
would rank them as the most deciding feature to consider (Figure 18). As the analysis of the
study proceeded and results were clear that fuel and labour were indeed a crucial part of
production costs that farmers were focusing on.
The interviews with farmers from Tashkent province were not sufficient and substantial,
therefore, the study had to conduct more in-depth interviews with farmers of Sirdaryo
province. This could marginally influence the reliability of the calculations of fuel and labour
expenses. But that, by no means could alter the course of the research to a noticeable degree.
For the analysis of the survey results, the SPSS and Excel was utilized, but not all the aspects
could be fully investigated and enlightened due to lacking knowledge in SPSS usage. The
elementary features of the program, however, were made use of appropriately.
Challenges were also faced while trying to design the questionnaire. The language on which
the questions were formed was changed, from the original English to Uzbek language. The
translation could influence the meaning of the questions; also the level of the difficulty of the
text could be altered too. In other words, the translation could thwart the effective use of the
survey. But this challenge could be overcome, that to the availability of excessive time to
practise these question in a number of students, fellow researchers and farmers, who then
gave feedback about the parts for further improvement. The changes were made, and it was
assumed that no bias was left in the part of questionnaire translation.

7.2. Discussion
The study of CA has been a focus of numerous studies, and each of them is different in their
own way. Bultena and Hoiberg (1983) and Prokopy et al. (2008) and stated that age, farm size
and educational levels were correlated with CA adoption or best practices. On the contrary,
my study draws the correlation between age, experience and CA adoption; along with
including the information about fuel and labour inputs. Surprisingly, those who were younger
and less experienced were more likely to experience or adopt CA. This could be due to the
fact that younger farmers were more willing to practices something new, and their slightly
less experience could actually help them change their mindset towards experimenting. Also, it
was found that Tashkent and Sirdaryo provinces had a fairly decent level of educated farmers
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(Table 6), that could also be contributing factor to a change between the results of this study
with the statements of Bultena and Hoiberg and Prokopy et al.; this divergence goes in line
with the research results by Bossange et al. (2017).
Crop diversity, as iterated by Bossange et al. (2017), has a direct negative correlation with CA
adoption. But that is not the case with this research; those farmers who grow a wider variety
of crops were more prone to adopt or experiment CA. It could be owing to the personality
traits of the farmers, as was measured by Bultena and Hoiberg (1983). However, as
personality type of farmers was not measured by this research, there is no possibility for
decidedly, claiming the reasons for the disparity.
Generally, economic compensation, for adopter and non-adopters was by far the most pivotal
when considering adoption of a new agricultural approach; considering the findings in fuel
and labour reductions after the adoption of CA, it seems that farmers will satisfy their urge
(Figures 11, 12). These findings were in accordance with the findings of a multitude of others
studies in other parts of the world (Rodriguez et. al., 2008; Siebert et. al., 2006; Bossange et.
al., 2017).
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Chapter 8. Conclusion
The goal of the study “Identify and compare fuel usage and conservation agriculture” and
“Analyse and calculate labour force (person-hours) needed to grow wheat and crop in
traditional and conservation agriculture” was achieved and conveyed in the current report.
The comparison of conservation agriculture and TA made it possible to objectively evaluate
CA.
The conclusion can be made, based on RQ1 that from the perspective of fuel savings CA is
clearly an appealing practice for farmers. Calculations show that for the full cycle of 3
agricultural crops there is up to a 50 percent savings in fuel usage. The most substantial
reduction is observed in cotton production, where CA uses up to 80 percent less fuel. To
reformulate a statement, fuel usage is not obstacles for the adoption of CA; in fact, the
potential to reduce these cost constitutes an opportunity for those who are willing and able to
adopt CA.
As a result of finding the answer to the RQ2, it was determined that the reduction of labour in
a full cycle of growing 3 agricultural crops there is only a 5 percent reduction in labour. Of
course this cannot serve as a deciding motivating factor, but still farmers consider this aspect
to be the second most important factor to consider when adopting CA.
As a result of “Identifying perception of farmers towards CA”, in order to answer RQ3, it was
clear that farmers have differing views on CA. However, over 60 percent of interviewed
farmers pointed out that following issues were experienced by farmers as an obstacle: lack of
equipment and technical support, economic justification due to the price of the equipment,
dearth of demonstrated experiences. Naturally, the obstacles seemed more daunting for those
who have no adequate information concerning CA.
Economic savings in the adoption of CA were reportedly from fuel and labour reductions. The
results of the initial research objectives seem to support the expectation of farmers. However,
the measurable cut-back of fuel far outweighs the marginal reduction in labour needed.
Within the provinces, it is obvious that research is needed in elucidating the role of CA in the
agricultural systems, and benefit of CA in reaching agricultural objectives set by the state.
Farmers stated lack of available knowledge and affordable equipment even for experimenting
CA. Future studies should also aim to determine the ways of a more sustainable and
comprehensively viable ways of technology and equipment sharing.
The positive perception towards CA comes predominantly with those farmers who experience
or experienced CA, but state support in the form of involving research institutes is a factor
that impedes or will impede a wider adoption of the new practice. Also, adoption of CA is a
dynamic process, therefore, the ways of a long-term and continuous partnership between
research institutes and farmers should be more elaborately researched and implemented. The
ways for the creation of a common platform for communication between stakeholders should
be investigated.
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(Adapted from Bossange et al. (2016))
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Annex 2
Table 9 - Cotton production processes in TA
Operation

Type of work

Fuel cost (machinery
work, litres / ha)

Labour cost (worker,
hours/ha)

Months

1

Ploughing

Machinery

40

0

November

2

Arranging field for salt
leaching

Machinery

10

0

November

3

Irrigation for salt leaching Manual

0

16

December

4

Harrowing

Machinery

5.0

0

March

5

Demolishing bays for salt
leaching

Machinery

5.0

0

March

6

Harrowing

Machinery

5.0

0

March

7

Chisel plough

Machinery

17

0

April

8

Chisel plough

Machinery

17

0

April

9

Harrowing

Machinery

5.0

0

April

0

0.6

April

Machinery

2.6

0

April

Machinery

5

2.4

April

13 Transportation of fertilizer Machinery

6.6

0

April

1st cultivation with fertilizer
14
Machinery
application

7

2

April

Manual

0

26.7

April

16 Thinning

Manual

0

26.7

April

17 Application of aphis lions

Manual

0

0.6

April

Application of
18
trichogamma

Manual

0

0.6

April

6.6

0

May

Machinery

7

2

May

Manual

0

26.7

May

22 Tillage

Machinery

12

0

May

23 Application of aphis lions

Manual

0

0.6

May

Manual

0

0.6

May

25 Transportation of fertilizers Machinery

1

0

May

Application of suspension
Machinery
fertilizer

5

0.7

May

3.8

0

May

Machinery

5

4.6

May

Manual

0

0.6

June

Manual

0

0.6

June

10 Preparation of cotton seeds Manual
11

Transportation of cottons
seeds

12 Sowing

1st weeding

15

19 Transportation of fertilizers Machinery
nd

20

2 cultivation with
fertilizer application

21

2nd weeding

24

26

Application of
trichogramma

27 Transportation of fertilizer Machinery
28

Fertilizer application and
ridge forming

29 Application of aphis lions
30

Application of
trichogramma

51

31 Forming temporary furrows Machinery

4

0.6

June

32 Irrigation

0

0.4

June

33 Closing temporary furrows Machinery

4

8

June

34 Cultivation

Machinery

7

0.4

June

Manual

0

0

June

Manual

0

26.7

July

Manual

0

0.6

July

Manual

0

16

July

Manual

0

16

July

Manual

0

26.7

July

Machinery

5

0

July

42 Making temporary furrows Machinery

4

0.4

July

43 Irrigation

0

8

July

44 Closing temporary furrows Machinery

4

0.4

August

45 Cultivation

7

0

August

2.6

0

September

35

Manual

rd

3 weeding

36 Application of aphis lions
37

Application of
trichogramma

38 Topping
39 Topping
40

th

4 weeding

41 Ridge forming tillage

Manual
Machinery

46 Transportation of chemical Machinery
47 Defoliation

Machinery

4

3.2

September

48 Cotton collection

Manual

0

240

September

12.4

0

September
-October

219.6

459.2

Fuel cost (machinery
work, litres/ha)

Labour cost (worker,
hours/ha)

Months

49

Raw cotton transportation
Machinery
to the warehouse
Total

Table 10 - Cotton production processes in CA
Operation

Type of work

1

Irrigation for salt leaching Manual

0

16

December

2

Preparation of cotton seeds Manual

0

0.6

April

3

Transportation of fertilizer
Machinery
seeds

5.3

0

April

4

Sowing and fertilizer
application

Machinery

10

1.6

April

5

1st weeding

Manual

0

26.7

April

6

Thinning, leaving 11-12
sprouts per square metre

Manual

0

26.7

April

7

Application of aphis lions

Manual

0

0.6

April

8

Application of
trichogramma

Manual

0

0.6

April

9

2nd weeding

Manual

0

26.7

May

Manual

0

0.6

May

Manual

0

0.6

May

12 Transportation of fertilizers Machinery

1

0

May

Application of suspension
Machinery
fertilizer

5

0.7

May

10 Application of aphis lions
11

13

Application of
trichogramma

52

14 Application of aphis lions

Manual

0

0.6

June

Manual

0

0.6

June

Manual

0

8

June

17 3 weeding

Manual

0

26.7

June

18 Application of aphis lions

Manual

0

0.6

July

Manual

0

0.6

July

20 Topping

Manual

0

16

July

21 Topping

Manual

0

16

July

th

Manual

0

26.7

July

nd

Manual

0

8

July

2.6

0

September

15

Application of
trichogramma

16 1st irrigation
rd

19

Application of
trichogramma

22 4 weeding
23 2 irrigation

24 Transportation of chemical Machinery
25 Defoliation

Machinery

4

3.2

September

26 Cotton collection

Manual

0

240

September

12.4

0

September
-October

40.3

448.2

27

Raw cotton transportation
Machinery
to the warehouse
Total

Table 11 - Winter wheat production processes in TA
Operation

Type of work

Fuel cost (machinery
work, litres/ha)

Labour cost (worker,
hours/ha)

Months

1

Chisel ploughing

Machinery

17

0.8

October

2

Cultivation

Machinery

5

0

October

3

Cultivation

Machinery

5

0

October

4

Transportation of seeds

Machinery

1.7

0

October

5

Sowing

Machinery

5

2

October

6

Transportation of fertilizers Machinery

1.7

0

October

7

Fertilizer application

Machinery

5

2

October

8

Ridge forming

Machinery

10

0

October

9

Cutting the cotton for
residue

Machinery

5

0

October

10 Making temporary furrows Machinery

4

0.4

November

11 Irrigation

0

8

November

0

8

December January

1.7

0

February

12

Winter irrigation

Manual
Manual

13 Transportation of fertilizers Machinery
14 Fertilizer application

Machinery

15 Transportation of fertilizers Machinery
16 Fertilizer application

Machinery

17 Transportation of herbicide Machinery

5

2

February

1.7

0

March

5

2

March

1.1

0

March

18 Herbicide application

Machinery

5

1.33

March

19 Irrigation

Manual

0

8

March

1.1

0

April

20 Transportation of fertilizers Machinery

53

21

Application of suspension
Machinery
fertilizer

5

1.33

April

1.7

0

April

5

2

April

1.1

0

April

5

1.33

April

0

8

April

1.1

0

April

Application of suspension
Machinery
fertilizer

5

1.33

May

29 Closing temporary furrows Machinery

4

0.4

June

30 Harvesting

17

9.6

June

6.25

0

June

3

3.2

July

133.9

61.7

22 Transportation of fertilizers Machinery
23 Fertilizer application

Machinery

24 Transportation of fertilizers Machinery
25

Application of suspension
Machinery
fertilizer

26 Irrigation

Manual

27 Transportation of fertilizers Machinery
28

Machinery

31 Wheat grain transportation Machinery
32 Baling the wheat straw

Machinery

Total

Table 12 - Winter wheat production processes in CA
Operation

Type of work

Fuel cost (machinery
work, litres/ha)

Labour cost (worker,
hours/ha)

Months

1

Transportation of seeds and
Machinery
fertilizer

3.3

0

October

2

Sowing and fertilizer
application

Machinery

10

1

October

3

Cutting the cotton residues
and spreading it on the
Machinery
field

5

0

October

4

Irrigation

Manual

0

8

November

5

Winter irrigation

Manual

0

8

DecemberJanuary

6

Transportation of fertilizers Machinery

1.7

0

February

7

Fertilizer application

5

2

February

8

Transportation of fertilizers Machinery

1.7

0

March

9

Fertilizer application

5

2

March

1.1

0

March

Machinery
Machinery

10 Transportation of herbicide Machinery
11 Herbicide application

Machinery

5

1.33

March

12 Irrigation

Manual

0

8

March

1.1

0

April

5

1.33

April

1.7

0

April

5

2

April

1.1

0

April

5

1.33

April

13 Transportation of fertilizers Machinery
14

Application of suspension
Machinery
fertilizer

15 Transportation of fertilizers Machinery
16 Fertilizer application

Machinery

17 Transportation of fertilizers Machinery
18

Application of suspension
Machinery
fertilizer
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19 Irrigation

Manual

20 Transportation of fertilizer Machinery
21

Application of suspension
Machinery
fertilizer

0

8

April

1.1

0

April

5

1.33

April

22 Harvesting

Machinery

17

9.6

June

23 Wheat grain transport

Machinery

6.25

0

June

0

8

July

85.9

61.9

24 Spreading the wheat straw Manual
Total

Table 13 - Mung bean production processes in CA
Operation

Type of work

Fuel cost (machinery
work, litres/ha)

Labour cost (worker,
hours/ha)

Months

1

Transportation of seeds

Machinery

4.1

0

July

2

Sowing

Machinery

10

1.3

July

3

Irrigation

Manual

0

8

July

4

Transportation of fertilizers Machinery

1.7

0

July

5

Fertilizer application

Machinery

5

2

July

6

Weeding

Manual

0

26.6

July

7

Application of insecticide

Machinery

5

1

July

8

Irrigation

Manual

0

8

July

9

Harvesting

Manual

0

27

September

25.8

73.9

Total

Table 14 - Maize production processes in TA
Operation

Type of
work

Fuel cost (machinery work, Labour cost (worker,
litres/ha)
hours/ha)

Months

1

Ploughing

Machinery

45

0

June

2

Land levelling

Machinery

15

0

June

3

Transportation of seeds

Machinery

6.6

0

June

4

Sowing

Machinery

5

2

June

5

Ridge forming tillage

Machinery

5

0

June

6

Making temporary furrows
Machinery
for irrigation

4

0.4

June

7

Irrigation

0

8

June

8

Transportation of fertilizers Machinery

6.6

0

June

9

Cultivation with fertilizer
application

Machinery

5

2

July

10 Weeding

Manual

0

16

July

11 Ridge forming tillage

Machinery

5

0

July

1.7

0

July

Manual

12 Transportation of fertilizers Machinery
13

Application of suspension
Machinery
fertilizers

5

1

July

14

Making temporary furrows
Machinery
for irrigation

4

0.4

July
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15 Irrigation

Manual

0

8

July

16 Irrigation

Manual

0

8

August

17 Irrigation

Manual

0

8

August

18 Irrigation

Manual

0

8

September

19 Harvesting the maize cobs Manual

0

64

October

20 Collecting maize stover

15

0

October

122.85

125.8

Fuel cost (machinery
work, litres/ha)

Labour cost (worker,
hours/ha)

Months

Machinery

Total

Table 15 - Rye production processes in CA
Operation

Type of
work

1

Transportation of seeds

Machinery

3.3

0

October

2

Sowing

Machinery

10

1

October

3

Irrigation

Manual

0

8

October

4

Winter irrigation

Manual

0

8

DecemberJanuary

5

Mowing the rye

Machinery

15

0

March

6

Distribution of mowed
cover crop in the field

Manual

0

16

March

7

Transportation of herbicide Machinery

1.1

0

March

8

Herbicide application

5

1.33

March

34.4

34.3

Machinery

Total

Annex 3
Table 16 - Definitions of the Agro-climatic zones given in the Legend of Figure 5
Agroclimatic Description
zone

Aridity
index

Temp. range
coldest month

Temp. range
% of total
warmest month

SA-K-W
A-K-W
SA-K-M
SH-K-M
A-C-W
A-C-VW
PH-K-C
H-K-M
SA-C-W
SH-K-M
A-K-VW
PH-K-M
SH-K-C
SA-K-C
H-K-C

0.2-0.5
0.03-0.2
0.2-0.5
0.5-0.75
0.03-0.2
0.03-0.2
>1
0.75-1
0.2-0.5
0.5-0.75
0.03-0.2
>1
0.5-0.75
0.2-0.5
0.75-1

≤0°C
≤0°C
≤0°C
≤0°C
0-10°C
0-10°C
≤0°C
≤0°C
0-10°C
≤0°C
≤0°C
≤0°C
≤0°C
≤0°C
≤0°C

20-30°C
20-30°C
10-20°C
10-20°C
20-30°C
>30°C
0-10°C
10-20°C
20-30°C
20-30°C
>30°C
10-20°C
0-10°C
0-10°C
0-10°C

Semi-arid, cold winter, warm summer
Arid, cold winter, warm summer
semi-arid , cold winter
Sub-humid, cold winter
Arid, cool winter, warm summer
Arid, cool winter, very warm summer
Per-humid, cold winter, cool summer
Humid, cold winter, mild summer
Semi-arid, cool winter, warm summer
Sub-humid, cold winter, warm summer
Arid, cold winter, very warm summer
Per-humid, cold winter
Sub-humid, cold winter, cool summer
Semi-arid, cold winter, cool summer
Humid, cold winter, cool summer
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37.9
30.8
6.6
5.9
4.9
2.9
2.0
1.6
1.5
1.4
1.2
1.2
0.5
0.5
0.5

H-K-W
SH-C-W
A-K-M
PH-K-K
PH-K-W
A-K-C

Humid, cold winter, warm summer
Sub-humid, cold winter, warm summer
Arid, cold winter, mild summer
Per-humid, cold winter, cold summer
Per-humid, cold winter, warm summer
Arid, cold winter, cool summer

0.75-1
0.2-0.75
0.03-0.2
>1
>1
0.03-0.2

≤0°C
0-10≤0°C
≤0°C
≤0°C
≤0°C
≤0°C

20-30°C
20-30°C
10-20°C
≤0°C
20-30°C
0-10°C

0.2
0.1
0.1
0.1
0.0
0.0

Source: De Pauw (2008)

Table 17 - Farmer demographics
Country
USA

CA area ‘000 ha 2013
35,613

Country
South Africa

CA area ‘000 ha 2013
368

Brazil

31,811

Zimbabwe

332

Argentina
Canada

29,181
18,313

Venezuela
Finland

300
200

Australia

17,695

France

200

China

6,670

Zamibia

200

Russia

4,500

Germany

200

Paraguay

3,000

Chile

180

Kazakhstan
India

2,000
1,500

New Zealand
Mozambique

162
152

Uruguay

1,072

United Kingdom 150

Spain

792

Columbia

127

Bolivia

706

Others

494.65

Ukraine

700

Uzbekistan

2.45

Italy

380

Total

157001.1

Table 18 - Farmer demographics

Age (years)
25-30
30-35
35-40
40-45
45-50
50-55
55-60
60-65
65-70

Non-adopters
137

Adopters
7

4
13
24
31
26
27
4
5
2

1
1
3
1
1
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Mean age
Farm size (hectares)
0-30
31-50
51-70
71-90
91-110
111-130
131+
Mean size (hectares)
Mean years farming
Education level
High school
Bachelor‟s
Master‟s
Other

45

42

2
13
65
41
13
1
1
69
10.9
7
122
7
0

58

2
1
2
1
1
98
9.6
0
6
1
0

