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ABSTRACT 
 

A survey was carried out to determine the causes of low vegetable production by looking at the 
challenges faced by organic based smallholder farmers and the potential coping strategies 
employed and their experiences, coping and adaptation strategies to climate change and variability 
(CCV). The study’s objective was to determine the major vegetables grown, marketable quality 
attributes, challenges faced and coping strategies to enhance vegetable production and 
understanding of CCV. More than 60 organic based farmers from Kajiado, Kiambu and Murang’a 
counties of Kenya were selected for the survey through questionnaires. The data collected was 
analysed using SPSS. The challenges faced in production of the key vegetables included; 
unpredictable rains 85%, lack of irrigation equipment 43%, crop pests and diseases 28%, among 
others. Causes of CCV cited were; deforestation and poor agricultural practices (62%) and 
emission of green house gases (33%). Effects of climate change were (80%) reduced crop yields. 
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Ninety percent of farmers’ responded to the effects of CCV through good agricultural practices such 
as; agro-forestry, mulching, organic inputs, drought tolerant crops and rain water harvesting. The 
farmers contended that through trainings and exposure, they would be empowered to cope with 
and reverse the negative impacts of CCV and consequently guarantee food and nutritional security. 
In addition, research efforts ought to be directed towards soil analysis, irrigation and greenhouse 
production and recommendations on site specific input rate application made available to the 
farmers.  
 

 
Keywords: Challenges; climate change and variability; crops; organic farmers. 
 
1. INTRODUCTION 
 
Formal organic agriculture in Kenya dates back 
to the early 1980s when the first pioneer organic 
training institutions were established [1]. Certified 
organic farming in Kenya is mostly geared to 
products destined for export with the large 
majority being exported to the Europe, which is 
Africa’s largest market for agricultural produce 
[2]. The produce with the greatest demand are 
horticultural crops and most specifically 
vegetables. Consumer demand for organic 
vegetables has increased tremendously due to a 
number of reasons such as food safety, 
environmental concerns, flavour and freshness of 
the produce, health benefits and nutritional value 
[2]. Many African farmers mix long-tested 
traditional practices with adaptations of 
conventional technologies that suit their farming 
systems and these types of systems blend 
themselves well to conversion to organic 
agriculture [3]. However, new processes and 
production guidelines are required in many cases 
[4] to keep up to the standards of the quantity 
and quality of produce reaching the markets 
through better understanding of impacts of 
climate change. 
 
The issue of climate change and variability 
(CCV) is a challenge to agricultural production in 
Kenya as the country’s gross domestic product 
(GDP) normally mirrors rainfall pattern. Climate 
change is therefore a major impediment to 
agricultural production particularly and thus a 
threat to achieving millennium development goal 
number one (MDG 1) of eradicating extreme 
poverty and hunger [5]. The anticipated impacts 
of climate change will manifest in the form of 
floods, storms, prolonged droughts and 
increased atmospheric temperature [6]. The 
consequences will have far reaching adverse 
impacts on human health, food security, 
economic activities, physical infrastructure, 
natural resources and the environment [5]. The 
advancement of research on CCV and its 
impacts on agriculture has played a key role in 

development of both tactical and strategic means 
to buffering the impacts associated to it. 
However, less emphasis has been put on 
farmer’s perception, experience and adaptation 
strategies as a basis for informing development 
of sustainable approaches to minimize the risks 
imposed by climate change and variability [7] 
especially so on organic farming.  
 
The organic agriculture sector in Kenya has 
therefore mainly developed without any formal 
government policy support. The sector has 
consequently encountered a wide range of 
challenges during the last two decades. It is for 
this purpose that a survey was carried out to 
determine the specific quality attributes, 
challenges and coping strategies that the farmers 
face and find possible solutions which will create 
an influx in production and hence create food 
security to the organic consumer. In addition, this 
study intended to assess farmers’ perceptions, 
experiences, and adaptation strategies with a 
view of enhancing and prioritizing the               
farmers’ preparedness to minimize the effects of 
CCV. 
 
2. MATERIALS AND METHODS 
 
2.1 Site Description 
 
The survey was carried out around Nairobi in 
central Kenya in the counties of Kajiado, Kiambu 
and Murang’a between 1st and 4th

 

of February 
2012. These are areas where organic cultivation 
of vegetables is prevalent due to awareness 
created there by Kenya Organic Agriculture 
Network (KOAN). Kajiado is categorized under 
agro-ecological zone IV [8]. Kiambu and 
Murang’a counties are categorized under agro-
ecological zone III [8]. The main economic 
activities in Kajiado County are pastoralist 
livestock herding, tourism, agricultural crops-
vegetables, cereals and pulses and urban-life 
activities like cattle trading, whereas in Kiambu 
and Muranga, dairy cattle, coffee and tea farming 
are predominant [9]. The food crop patterns are 
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dominated by production of; vegetables, maize, 
beans, potatoes in a mixed intensive cultivation 
[10].   
 
2.2 Study Approach 
 
The study area had 108,358 households [11]. 
Among these 63 were listed in KOAN register 
(2012) as smallholder organic farmers all of 
whom were interviewed by trained enumerators. 
The respondents were visited on their farms on 
appointment after sensitization by KOAN field 
workers. A questionnaire (Appendix 1) was used 
to gather information on knowledge (i.e. 
challenges, causes and effects of CCV and 
adaptation strategies (i.e. change cropping 
systems, introduction of new technologies).  
 
2.2.1 Questionnaire administration  
 
To ensure that the questionnaire accurately 
captured the intended information, it was 
subjected to review by experts, supervisors and 
peers. The questionnaires were pre-tested by 
interviewing twenty (20) organic farmers on the 
first day. The content and clarity of questions of 
the questionnaires were checked and necessary 
corrections effected. Each of the five 
enumerators was assigned an average of three 
farmers a day.  
 

2.3 Data Analysis  
 
The collected data was entered into a 
spreadsheet and analyzed using Statistical 
Package for the Social Sciences (SPSS) for 
Windows version 17.02 [12]. Descriptive 
statistics and proportions were calculated for key 
categories.  
 

3. RESULTS AND DISCUSSION  
 

3.1 Demographic Information 
 
The majority (66%) of the farmers practicing 
organic farming were females compared to 
(34%) males (Table 1). This may be attributed to 
the fact that women are being empowered by 
government and non-governmental organisations 
to engage in enterprises, such as organic 
farming to enhance their economic wellbeing.  
 
Women were found to be organized into self-help 
groups and received funding from government 
and nongovernmental programmes. Thus most 
women make their own decisions on safe 
farming practices, healthy and productivity for 
their families. These findings corroborate those 

of Foeken and Owuor [13], who found that the 
majority of urban farmers are women. In Kenya 
over 70 per cent of agricultural activities are 
undertaken by women, especially in the small-
scale producer sector. Similarly Grolink [10] and 
Taylor [14] found that on a small scale, women 
mainly undertake the production, sometimes 
primary processing, and the marketing of organic 
produce/products at the national level. 
Smallholder management is, in large part, in the 
hands of men while a great deal of the farming 
work is executed by women. Grolink [10] argues 
that, due to these inequities, social and economic 
development in Tanzania has been, and 
continues to be, uneven. In Kenya, the 
possibilities offered by organic farming are 
particularly appealing to women. They offer the 
possibility of successfully securing food for the 
family, without having to depend on cash or 
potentially dangerous chemical products 
according to Chavas et al. [15]. As a result, 
organic agriculture has begun to develop in 
densely populated areas on small holdings 
where food crops are grown intensively. Urban 
and peri-urban organic production provides food 
to vulnerable groups.  
 
Table 1. Characteristics of the households in 

the study area 
 

Demographics  Description  Proportion 
(%) 

Gender  Male 34 
Female  66 

Age  Below 30 7 
31 - 40 21 
41 -50 11 
51 - 60 28 
61 - 70 30 

 71 and above 3 
Level of  
education  

Primary 16 
Secondary 36 
Post 
secondary 

30 

University 18 
Source of  
income  

Farming  62 

 Business  
Employed  

28 
10 

 
Women in the region are in general more prone 
to poverty and unemployment. Likewise, 
Darnhofer et al. [16] reported that organic 
agriculture projects and others in the region 
adopt a policy of promoting women and 
employing them in various operations. Almost 
100 per cent of casual labourers in various 
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processing operations are women. This stance 
has tremendous impact on the social status of 
women in communities and is an added input for 
the poverty reduction policy of the region which 
can improve family livelihoods according to 
Taylor [14]. Uganda has over 39,000 households 
certified as organic, the majority of which have 
organic cash crops as their major source of 
income. In this regard, commercial organic 
agriculture can be seen as an important source 
of employment and an employment opportunity 
especially for women [15]. 
 
In Argentina a model of organic orchards                        
has been experimented to promote employment 
and food self-sufficiency especially for women, 
since the beginning of the 1990s. An NGO (pro-
Huerta), with institutional support of the 
Secretariat for Social Development and other 
Government agencies, sought alternatives to 
improve the nutritional status (both                                
quality and variety of food) of rural and urban 
populations and to create employment 
opportunities. This project benefited by 1996 
nearly two million individuals, namely 
unemployed, indigenous, and food-insecure 
persons such as female-headed families, elders 
and under-aged according to Scialabba [17]. The 
initiative promoted small-scale food production 
by providing capacity-building, technical 
assistance, development and validation of 
alternative technologies, inter-institutional 
coordination, and provision of critical inputs [17]. 
In Costa Rica health motivations led to the 
formation of small-farmer groups to produce 
organic vegetables, which have been 
successfully marketed nationally over the last ten 
years. Agro-chemical price increase, soil 
exhaustion, health hazards, and growing 
alternative markets motivated producers to 
convert to organic production [18]. A study by 
Saito et al. [19], concluded that in most parts     
of Africa, women have traditionally been 
responsible for household food provision and 
farming is relatively easy to combine with the 
care of children. 
 
Majority (61%) of the organic farmers were aged 
over 50 years whereas 32% of them were 
between 31 and 50 years old (Table 1). This 
observation could be related to the fact that the 
youth mainly seek white collar jobs in the urban 
centres, leaving behind the elderly to engage in 
farming. Similarly the retired and elderly take up 
farming as a means to continue generating 
income and a hobby. According to Zelinski [20], 
the reasons why the elderly and retirees engage 

in farming include; that it may provide a purpose 
and structure and intellectual stimulation, 
conquer boredom and work environment 
provides more social interaction than staying at 
home.  The elderly practise smallholder farming 
as a livelihood strategy in an effort to supplement 
their pensions according the findings of FAO 
[21]. According to surveys in the US by 
Kirkpatrick [22] of those respondents who 
planned to retire, a majority of them (55% in Iowa 
and 60% in Wisconsin) did not plan to move from 
their current home. The retiring generation 
consider their ability to truly relinquish control of 
the farm if they are living in the farmhouse, 
watching the daily activities and judging the 
successors’ decisions. The desire to remain in 
the family home is natural, and this natural desire 
must be balanced with the needs of the business 
to not only continue but to thrive for the next 
generation. 
 
A significant number (84%) of farmers had a 
secondary level education and higher whereas 
16% obtained primary education (Table 1). This 
implies that farming is appealing to the elite in 
the society as an alternative to white collar jobs 
and a means of supplementing income from 
other sources. This goes to stress the fact that 
organic based farming is being embraced by 
people who can comprehend the significance of 
this particular method of farming. A majority 
(62%) of the farmers (mostly of retired civil 
servants) generated their income solely from 
farming, 28% businesses while 10% were in full 
time employment while practicing farming in their 
off-work hours (Table 1). These findings show 
that farming can on its own act as a steady 
source of income. Scialabba, [17] found that 
developing countries’ farmers easily adopt 
organic techniques because they are close to 
their traditions and culture. The growth in the 
number of NGOs in agricultural development, 
particularly organic agriculture efforts, has 
proceeded to an especially impressive degree in 
Kenya. National and local NGOs dominate nearly 
all aspects of organic agriculture promotion, 
training, research, extension, and marketing 
according to Shrum [23]. A number of 
researchers; Farrington et al. [24], Wellard and 
Copestake [25] and Shrum [23] reported that, for 
the past two decades, indigenous NGOs have 
been promoting environmentally, economically, 
and socially sustainable agricultural alternatives 
to high external input (Green Revolution-GR) 
agriculture to the rural poor throughout Africa, 
Asia, and Latin America. National and local 
NGOs have played a significant role in organic 



 
 
 
 

Ndukhu et al.; BJAST, 17(6): 1-22, 2016; Article no.BJAST.16270 
 
 

 
5 
 

agriculture promotion, training, research, and 
outreach since the 1980s.  
 
Educational messages to promote organic foods 
need to consider psychographics, including 
personal values. Such messages could be 
tailored to appeal to people, particularly women, 
with strong environmental values. As Schwartz 
and Inbar‐Saban [26] found out, one method of 
altering people's behaviour via their beliefs and 
values is values self‐confrontation. This 
technique aims to modify behaviour by changing 
the priority of the values that lie beneath the 
behaviour. It has been used successfully to 
increase weight loss [26], decrease smoking 
rates [27], enhance pro‐environment behaviour 
[28], and alters beliefs about meat, fruit and 
vegetables [29]. Participants in the latter study 
altered their beliefs and increased their 
consumption of fruits and vegetables when 
confronted with the results of a previous study 
that suggested that hierarchy and dominance are 
positively associated with meat, but negatively 
associated with fruit and vegetables [29]. It is 
therefore possible that this educational tool 
(values self‐confrontation) could be used to alter 
beliefs about organic foods and consumption of 
organic foods. Similarly, Grube et al. [30] 
asserted that, values self‐confrontation has been 
used through the mass media and therefore has 
the potential to reach large numbers of people. 
 
3.2 Crops Grown by Organic Farmers 
 
Most of the farmers surveyed produced kales 
(63%), followed by spinach (32%), tomatoes 
(21%) and (18%) maize (Fig. 1).  
 
This study shows that kale was the most popular 
vegetable produced because of high demand in 
the urban and peri-urban areas of which the 
study area are neighbouring. This corroborates 
with a study in Kiambu County by Salasya [31], 
which also found kale as a popular green 
vegetable consumed in most households in 
urban and peri-urban in Kenya. This was 
attributed to it being a major source of cash and 
having highest returns to variable inputs among 
other crops. Mose et al. [32] also reported that, in 
Kenya, kale vegetable is popular in many 
smallholder households because it is consumed 
together with maize, the staple food for majority 
of the citizens in both urban and peri-urban 
areas. According to; Ngigi et al. [33] and Torquati 
et al. [34], in contrast to urban agriculture, which 
is to be found within a town, city or metropolis, 

the places for peri-urban agriculture are on the 
fringe of a metropolis, a city or a town. The peri-
urban area has also been described as a 
blended area with urban and rural landscape 
interests competing with each other. The peri-
urban area is the interface between the highly 
complex urban area and the more uniform rural 
landscape area, mainly built on an agricultural 
economy with similar land use and community 
values according to Mackenzie et al. [35]. The 
increasing urban populations are thus turning 
into peri-urban populations and need more food 
and housing. In fact urban and peri-urban 
agriculture produces the majority of the 
perishable goods (e.g. vegetables, fruits, flowers 
etc.) consumed and used by the urban 
population. Thus, livelihood opportunities for 
urban and peri-urban farmers are generated 
[33,34]. Furthermore, peri-urban farming 
contributes to the growing, processing and 
distribution of a diversity of food and non-food 
products. Peri-urban agriculture reuses largely 
human, material resources and products and 
provides products for input suppliers, traders and 
other service providers, thereby adding value in 
the supply chain as reported by IWMI [36] and 
Scott et al. [37]. Maize, a predominant food crop 
in the country, is produced by less than 20% of 
the interviewed farmers. Duflo et al. [38], 
attributed this to the fact that most of the 
respondents were small holder farmers                    
owning less than half an acre of land to 
economically produce the crop. Thus, they 
engaged in production of high value crops 
(vegetables) to take advantage of the ballooning 
city population. 
 
3.3 Marketable Quality Attributes Sought 

by Vegetable Consumers 
 
Nearly 76% of the farmers reported that 
consumers mostly look for clean and free of pest 
and disease signs, over 50% mentioned size, 
35% colour while 14% cited texture as 
marketable quality attributes that are sought in a 
produce/vegetable before buying it (Fig. 2). 
Consumers consider absence of pest and 
disease attacks and physical damage as the best 
sign that the produce is of high quality. The 
demand for bigger cleaner kale could be 
because consumers regard them as a direct 
reflection on the farming practices and thus 
health and safety of the produce. Though size is 
mostly a characteristic of the specific kale 
variety, soil and environmental factors may 
contribute to size of kale leaves. 
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Fig. 1. Major high value crops grown by smallholder  organic farmers 
 
In their production therefore, the farmers paid 
keen attention to produce disease and pest free 
products. This was attributed to practicing 
organic based techniques such as planting 
certified seeds, early planting, use of bio-
pesticides and also incorporation of pest 
repellent crops in the cropping systems. Well-
drained loamy soils relatively high in organic 
matter are suitable. Phelan et al. [39] suggested 
that, reduced susceptibility to pests and diseases 
in organic farming may be a reflection of 
differences in plant health, as mediated by soil 
fertility management. These findings corroborate 
those of Okello and Swinton [40], who reported 
that, the demand for produce with specific 
physical attributes such as; colour, shape, size 
and spotlessness by consumers has encouraged 
farmers to produce with these attributes in mind. 
Consumer concerns about the safety of 
vegetables such as kale arise from the increase 
in food borne illnesses, thus raising the need to 
address food safety. 
 
According to Scialabba [17], many NGOs have 
actively promoted organic agriculture in India. 
Growing environmental consciousness and fears 
of health hazards of conventional food has 
spawned domestic consumption of organic food. 
Similarly, expansion of domestic markets is 
leading to the surge of organic producers 
attracted by premium prices. Findings from 
analyses of the agro-economic performance of 
organic farming techniques compared to their 
conventional equivalents suggest that organic 
agriculture may be a viable and sustainable 

option for Kenyan smallholders, especially in 
areas of low or medium agricultural potential, 
according to; der Werf et al. [41], Diop et al. [42] 
and Onduru et al. [43]. Kenya Institute of   
Organic Farming (KIOF) and ETC-Netherlands 
researchers, employing matched pairs of organic 
and conventional farms, found that the use of 
compost, double dug beds, and liquid manure for 
maize production in medium-potential areas 
outperformed conventional practices in terms of 
maize grain yields, new cash benefits, return to 
capital, and return per family labour as reported 
by; der Werf et al. [41] and Diop et al. [42]. 
 
Similarly, Dimitri and Greene [44] found that, the 
use of organic farming techniques to grow crops 
has gained in popularity in recent years as a 
result of both an increase in consumer demand 
for organically grown produce and a genuine 
desire on the part of many growers to sustain or 
improve the soil. Oberholtzer et al. [45] asserted 
that, organic produce generally commands a 
higher price than conventional one, prompting 
producers to grow crops organically. The 
increased consumer demand appears to be 
driven primarily by the perception that organically 
grown produce is safer and more nutritious to eat 
than produce grown conventionally, according to; 
Lockie et al. [46] and Williams and Hammitt [47]. 
Iheke [48] also found out that, there was a rise in 
the production of vegetables globally, stimulated 
by high public demand, driven in large part by 
enhanced consumer awareness of the dietary 
and health benefits of fresh vegetable 
consumption. 
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Fig. 2. Kale quality attributes that farmers produc e for the market 
 

3.4 Challenges and Constraints of 
Organic Vegetable Production  

 
The biggest challenge farmers faced in 
production of kale and other key vegetables    
was unpredictable rains (85%), followed by 
inadequate knowledge on input application rates 
(66%), lack of irrigation equipment (43%), 
inaccessibility to proper soil testing and analysis 
facilities (37%) and (28%) crop pest and 
diseases (Fig. 3). Changes and variability in 
climate in terms of rainfall and temperature affect 
crop productivity as well as pest and disease 
prevalence and incidences. Lack of knowledge 
on irrigation and soil fertility status may result in 
poor crop production. The challenges of rainfall 
delays and occasional erratic thunderstorms 
cause damage to crops and this is reflected in 
losses to the farmers and food insecurity in the 
country at large. These results corroborates 
those of a study conducted by Foeken and 
Owuor [13] who showed that farmers faced 
various constraints such as irregular rainfall, 
drought, flooding, water logging, poor soils, pests 
and disease, and destruction of crops by 
animals. IPCC [6] noted that challenges of 
vegetable production include population 
pressure, problems associated with land use 
such as erosion/siltation and possible ecological 
consequences of land use change on the 
hydrological cycle. Similarly Bationo et al. [49] 
found that, in Kenya, low and declining soil 
fertility is a major constraint to crop production in 
smallholder farming systems.  
 
However, a strengths, weaknesses, opportunities 
and threats (SWOT) analysis on the smallholder 
farming sector was undertaken by Bett and 
Freyer [1] and summarized the main challenges 
and opportunities in the sector as policy based. 
This is because the government though has put 

in place policies and legislation that protect 
farmers in general, no extension of such policies 
existed for organic based farmers. This group of 
farmers is covered in the broad grouping of the 
agricultural sector and thus the specific 
challenges they face which do not relate to other 
farming practices cannot be ably addressed. It is 
observed that small scale organic based farmers 
in Kenya are faced by difficulties in gaining 
access to formal credit, since they do not have 
the requisite collateral to obtain credit and also 
due to the fact that the financial institutions do 
not recognize the differences between organic 
based and conventional agriculture. 
 
In Nigeria, vegetable farmers’ yields are below 
global yields. These low yields according to 
Abdulrahman and Yahaya [50] are due to a 
decline in the unit output from the various 
agricultural inputs such as capital, land, labour 
and management. Other constraints according to 
them include; soil fertility decline, soil borne 
diseases and pests, inadequate planting 
materials, high cost of labour, labour intensive 
operations and marketing of the product. 
Abdulrahman and Yahaya [50] in their study 
revealed that vegetable production is constrained 
by high cost of labour and labour intensive 
operations. Unreliable weather patterns and 
limited knowledge on appropriate inputs are the 
major challenges facing smallholder organic 
farmers. 
 

3.5 Coping Strategies Adopted by 
Farmers in Response to the 
Challenges of Organic Vegetable 
Production 

 
Most farmers (76%) reported use of manures, 
mulches and ashes (76%) as a coping strategy 
to challenges of crop production followed by 
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blanket recommendations (74%), irrigation 
(64%), mass application of inputs (55%) and 
(32%) late planting (Table 2). 
 
Adoption of organic based soil fertility 
management strategies such us use of manures, 
mulches and ashes is a good strategy by farmers 
in response to the challenges of organic 
vegetable production. Similarly, FAO [9] reported 
that, changes in crop planting schedules, 
management practices and varieties used, as 
well as the diversification of crops planted, are all 
low-cost options for reducing agricultural risk, 
which could be widely promoted through 
extension services and communication 
campaigns. Careful screening of these strategies 
and participatory action-oriented research with 
farmers will be needed to jointly identify and 
implement adaptation options that are feasible 
and effective and to ensure that these strategies 
do not have any negative or unexpected impacts 
on farmer livelihoods according to FAO, [9] and 
Howden et al. [51]. Low-cost opportunity for 
policymakers and donors to invest in small-scale 
infrastructure, such as improved irrigation 
systems or crop storage facilities, which can help 
farmers to increase production and better protect 
their harvests, is vital. In the same token, USAID 
[52] and World Bank, [53] recommended that, 
governments and organizations working in 
vegetable production areas should seek to 
further promote such small-scale infrastructure 
through the development of small-scale grants 
and credit to farmers or farmer associations.  
 
3.6 Perceived Causes of Climate Change 

and Variability  
 
Above 62% of the farmers mentioned 
deforestation and poor agricultural practices 

(PAPs) such as; monocropping, burning of crop 
residues and excessive application of synthetic 
agrochemicals, while over 33% reported 
emission of green house gases (GHGs) as major 
causes of CCV (Fig. 4). Factors that cause 
climate change can be divided into two 
categories - those related to natural processes 
and those related to human activity. The Earth’s 
climate can be affected by natural factors that 
are external to the climate system, such as 
changes in volcanic activity, solar output, and the 
Earth's orbit around the Sun. Human activities, 
such as the burning of fossil fuels and the 
conversion of land for forestry and agriculture 
also cause climate change. According to a report 
by NAS [54], since the beginning of the Industrial 
Revolution, human influences on the climate 
system have increased substantially. Similarly, a 
report by IPCC [55] stated that the dominant 
product of fossil fuel combustion is carbon 
dioxide, a greenhouse gas. 
 
The overall effect of human activities since the 
Industrial Revolution has been a warming effect, 
driven primarily by emissions of carbon dioxide 
and enhanced by emissions of other greenhouse 
gases. There is a scientific consensus that 
concentrations of greenhouse gases in the 
atmosphere are increasing and that this is 
causing global climate change according to IPCC 
[56] and NAS [54]. Human-driven emissions of 
carbon dioxide and other greenhouse gases, as 
well as land-use change, are the processes 
primarily responsible for the increase. Solomon 
[55] urged that, water vapour (H2O) and carbon 
dioxide (CO2) are the two largest contributors to 
the greenhouse effect. Methane (CH4), nitrous 
oxide (N2O), chlorofluorocarbons (CFCs) and 
other greenhouse gases are present only in trace 
amounts, but can still have a powerful warming

 
Table 2. Coping strategies adopted by farmers in re sponse to the challenges faced 

 
Challenges  Coping strategies  % 
Unreliable rainy season Irrigation 64 

Late planting 32 
Knowledge on soil input application Mass application 55 

Indigenous techniques-use of manures, 
mulches and ashes 

45 

Access to soil fertility and nutrient analysis Blanket recommendations 74 
Outdated information – rates advised by 
government extension agents in the last 
decades to the farmers still in use presently 

28 

Pest and disease management Bio pesticides 11 
Indigenous techniques 76 
No management 13 
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Fig. 3. Challenges and constraints of vegetable pro duction by smallholder organic farmers 
 

 
 

Fig. 4. Perceived causes of climate change and vari ability as per respondents 
 

effect due to their heat-trapping abilities and their 
long residence time in the atmosphere. 
According to Solomon [55], the concentration of 
CO2 in the atmosphere in 2005 was 379 parts per 
million (ppm), compared with the pre-industrial 
value of 280 ppm, and is rising at 1.9 ppm per 
year (1995-2005 average). The increase in 

concentration of greenhouse gases in the 
atmosphere has altered the earth's radioactive 
balance, resulting in more of the sun's heat being 
absorbed and trapped inside the earth's 
atmosphere, producing global warming. Without 
mitigation measures, the concentration of CO2 in 
the atmosphere is predicted to rise to at least 
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650 ppm and up to 1200 ppm by 2100 [56], 
which is expected to increase average global 
temperature by 1 to 6°C. Most scientists agree 
that global warming caused by anthropogenic 
greenhouse gas emissions is one of the most 
serious environmental problems facing the world 
today, with far-reaching consequences for all 
sectors of society. To avert catastrophic impact it 
is generally agreed that atmospheric CO2 
concentration should be constrained to 550 ppm, 
which is believed will limit the temperature 
increase to 2°C. 
 
3.7 Techniques of Weather Forecasting 
 
More than 70% of the farmers were familiar                  
with the scientific techniques of weather 
forecasting as presented by meteorologists, 
which they use to inform their farm                         
management decisions whereas only 23% of 
them reported use of traditional methods of 
weather forecasting such as observation                     
of the sky for either clouds or stars and 
movement of ants, birds, shading of tree leaves 
to herald onset of rains (Fig. 5). Scientific 
techniques of weather forecasting are reliable in 
these times of climatic changes hence more 
farmers adopt them as opposed to rudimentary 
traditional ones.  
 
The reason for more and more reliance on the 
scientific weather forecasting techniques could 
be due to environmental degradation induced by 
the current CCV which has made non-routine 
and complex, the specific behavioural aspects of 
the plants and animals that were relied upon for 
weather forecasting. Similarly Luseno [57] found 
that, the application of traditional means of 
weather forecasting was on the decline. He 
attributed the decline in use of these techniques 
to the fact that it has become increasingly difficult 
for people to anticipate weather patterns, a 
situation some linked to CCV. Consequently 
credibility of these methods is suspect as they 
are subject to seasonal and/or yearly variation. 
According to Dunn [58], activities of arthropods, 
such as fleas, cockroaches, houseflies, spiders 
and many others are indications for the arrival of 
the summer season in Japan. Even the local 
names of invertebrates are figuratively indicative 
of a particular season. These arthropods have 
been noticed by farmers to be abundant during 
the summer season. Farmers for example stated 
that cockroaches disappear during winter 
season. Kihupi et al. [59], also observed that 
traditional climate prediction and contemporary 
seasonal predictions were both useful and 

dependable, by resource poor as well as 
commercial farmers. This system of indigenous 
knowledge leads farmers to participate as agents 
as well as consumers in programs that use 
modern climate science to plan for and adapt to 
climate variability and climate change as 
reported by Orlove et al. [60]. According to 
Ziervogel [61], provision and proper utilization of 
science-based agro-meteorological knowledge 
could guide farm level decisions on crop 
suitability, cultivar selection, choice of cropping 
systems, planting dates as well as planting 
densities. 
 
3.8 The Effects of Climate Change and 

Variability from Farmers Perspectives 
 
Reduced crop yields and/or crop failure were 
reported by 80% of the interviewed farmers as 
the most profound impacts of climate change and 
variability on agricultural productivity compared 
to 8% who indicated change in planting time and 
6% mentioned increased crop pest and disease 
attack (Fig. 6). These impacts lead to a decline in 
farm production affecting incomes and food 
security. As the climate continues to change, 
there will be increased disturbance through more 
frequent extreme weather events, including 
severe storms, drought, tornadoes, hurricanes, 
and ice storms. Indirect effects may amplify 
these changes, with conditions that favour fire, 
insect and pathogen outbreaks, and invasive 
species.  
 
This exacerbates hunger and poverty, contrary to 
the aspirations of the MDGs of halving extreme 
hunger and poverty by 2015 [5]. These 
observations imply that the more dependent a 
person is on agriculture as a source of income 
the greater the sensitivity to climate related 
changes. This observation is also in agreement 
with Grothmann and Patt [62] who noted that, the 
more one is likely to be affected by a given 
factor, the higher the attention given to it. The 
high rating of climate change by farmers who 
depended on farming solely as their source of 
income is therefore attributable to the fact that 
any factor, in this case climate change, that 
lowers crop production poses a threat to their 
livelihood hence considered a serious risk, which 
is also inconformity the findings of Grenzeback 
and Lukmann [63].  
 
Pauchard et al. [64] also found that, disturbances 
such as fire, insect outbreaks, disease,                    
drought, invasive species, and storms                            
are part of the ecological history of most forest 
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ecosystems, influencing vegetation age and 
structure, plant species composition,                 
productivity, carbon (C) storage, water, crop 
yields, nutrient retention, and wildlife habitat. 
Climate influences the timing, frequency, and 
magnitude of disturbances, according to Dale et 
al. [65]. Climate change will alter the abiotic 
conditions under which plant species can 
establish, survive, reproduce, and spread, 
according to Alpert et al. [66]. Key environmental 
consequences of climate change are increased 
temperature, longer growing seasons, less snow, 
and more frequent drought. According to Allen 
and Breshears [67], these effects are expected to 
increase plant stress and decrease survival in 
the drier, warmer, and lower elevation portions of 
species’ ranges. With climate change, however, 
new habitat, once too cold or wet, may become 
available, enabling plants to survive outside their 
historical ranges and expand beyond their 
current ranges. O’Gorman and Schneider and 
[68] Trenberth et al. [69] are also in agreement 
that, based on analysis of recent climate records 
and the projections of climate change 
simulations, hydro-climate extremes will become 
more prominent with a warming climate, (with 
potential increases in flood frequency, droughts 

and low flow conditions, saturation events, 
landslide occurrence, and erosion. 
 
3.9 The Challenges of Climate Change 

and Variability 
 
About 93% of the interviewed farmers had heard 
of and experienced the impacts of climate 
change, the common aspects being erratic and 
often inadequate rainfall (83%) and raising air 
temperatures (58%) whereas over 50% of them 
experienced climate variability through droughts 
(Fig. 7). 
 
Most of these farmers recall the variations in the 
amounts and distributions of rains and daily 
temperature ranges of the past in comparison to 
the current period. Most of them felt that this 
change started to be evident more than was two 
decades ago. As a result of climate change, after 
every 1-3 years, 97.6% pointed out that air 
temperatures had increased and the start of rains 
had become unpredictable leaving 68.8% of the 
farmers guessing on the right time to plant in 
Mbeere, Mount Kenya region. This fact is also 
reinforced by Williams and Funk [71] and 
Markowitz [72] assertion that people’s

 

 
 

Fig. 5. Rating of weather forecasting methods by th e respondents 
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Fig. 6. Effects of climate change as perceived by o rganic farmers  

 
perceptions of environmental risks suggest that 
people perceive little personal control over global 
and regional environmental problems. Thornton 
et al. [73] concluded that Eastern Africa is to face 
the impacts of climate change with temperatures 
only rising by 1°C by 2030 and in general, rainfall 
increasing by 7 to 9% with a corresponding 
increase in length of growing season in many 
parts. Williams and Funk [71], in an analysis of 
East African rainfall data, suggest a decline in 
the long rains which they attribute to temperature 
increases in the Indian Ocean. Researchers 
have, however, warned that should climate 
change exacerbate current conditions, food 
production in Africa could decline and the range 
of infectious diseases could spread, according to 
Butt et al. [74]. In other words, the impacts of 
anthropogenic climate change on Africa at 
present and in the future are very much 
uncertain.  
 

3.10 Organic Farmers’ Adaptation 
Strategies to Climate Change and 
Variability 

 

Good agricultural practices comprising; agro-
forestry, mulching, organic inputs, drought 

tolerant crops, legume intercrops and rain water 
harvesting as reported by about 90% of the 
farmers were the principal adaptation strategies 
with over 15% reporting afforestation (Fig. 8). 
Through farm planning and training on climate 
change and variability farmers will effectively 
cope with the effects of climate change and 
variability.  These findings are in line with 
Kaloki’s (2010) who deduced that almost all 
farmers interviewed (98.5%) had adopted a new 
technology in the last 10 years. This was 
important because new interventions in the area 
meant adoption rates were high so long as the 
technologies are appropriate. The most important 
adaptation technique was early planting followed 
by planting drought tolerant crops and 
monocropping. By planting a sole crop, inter-
specific competition for water is limited hence 
crops could perform better. Use of manure to 
provide high plant vigour in the initial stages of 
growth was also identified as an important 
practice alongside planting early maturing                      
crops [70]. Farmers have long been using plant 
and animal manures, but guidance on                  
optimal timing, placement, and quantity was 
needed. 
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Fig. 7. Aspects of climate change 

 

 
 

Fig. 8. Organic farmers’ adaptation strategies to C CV 
 

Similarly Mihindo [75] reported that, intercropping 
and crop rotation are other traditional practices 
where science can support the traditional 

process of trial and error. To cope with these 
challenges, there is an urgent need to improve 
farmer extension services to provide technical 
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information and training on the best management 
practices for planting, harvesting and crop 
storage, to facilitate the adoption of new 
management practices and to encourage farmer-
to-farmer learning. Madison [76] concurred that, 
strengthening extension services has been 
shown to be particularly effective at convincing 
farmers to change farming practices in response 
to climate change. Savings and loans groups in 
which members pool resources and lend to 
members in need are also a low-cost solution 
that could help to reduce the worst impacts of the 
extreme weather events, while creating local 
funds that farmers can tap into for other 
development activities, according to the findings 
by; Heltberg et al. [77] and Bhattamishra and 
Barrett [78]. 
 
4. CONCLUSION 
 
It can be concluded that farmers were aware of 
the challenges, causes and effects of climate that 
and have embraced adaptation strategies to 
mitigate these impacts. In the same token, 
farmers know the challenges they in vegetable 
production and have adopted coping measures.  
Therefore, by availing knowledge of the 
challenges, causes and effects/impacts of 
climate change and variability to vegetable 
production and the existing coping strategies that 
farmers use, this study provides critical 
information for development organizations and 
donors focused on food security and poverty 
alleviation, as well as for policymakers working 
on the design of both national and international 
strategies for climate change adaptation, 
agricultural productivity, and hunger and poverty 
alleviation. Low-cost and local approaches such 
as revitalizing farmer extension services, 
implementing small-scale local infrastructure 
projects with farmers, strengthening informal 
safety nets and safeguarding natural 
ecosystems, could go a long way towards 
beginning to address this critical challenge and 
improving the livelihoods of smallholder                       
farmers across the country. The survey sought to 
assess the causes of low vegetable production 
by looking at the challenges faced by organic 
based smallholder farmers and the potential 
coping strategies employed and their 
experiences and perceptions of climate change 
and variability. 
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APPENDICES 
 

1 Baseline Survey 
 

Analysis of smallholder organic production systems in Kenya 
 

 
QUESTIONNAIRE 

 
A) Identification 
 
Date of interview: …………Name of the Enumerator: ………Questionnaire number: ………. 
Name of respondent: ……………………………………….Tel no: …………………………… 
County: ……………………Sub-county/District: ………Ward/Division…………………….. 
GPS Coordinates: ……………………… Distance from Nairobi (BHR): …………………… 
 
B) Demographics and household characteristics  
 

No Questions  Coding categories  Skip to  
1 Gender Female: .………………………….........…1 

Male: ……………………………........…...2 
 

2 Position in the household Household head: …………………..........1 
Spouse: ………………………….........….2 
Daughter: ……………………..….......…..3 
Son:…………………………….........……4 
Other: (Specify).. ..……………........……5                

 

3 Marital status Single: ………………………......…...…...1 
Married: ………………………..........……2  
Divorced: …………………….........…......3 
Widow/widower: ……………….........…..4 
Other:(Specify) …………………..........…5 

 

4 Age Age in years: ………………………..  
5 Level of education Less than primary: ………………............1 

Primary: ………………………..........…...2 
Secondary: …………………….........…...3 
College: ……………………..........………4 
University: …………………….............….5  

 

6 What is your occupation/source of 
income 

Farming: ………………………..........…...1 
Employed: ……………………….............2 
Business other than farming: ….......…...3 

 
 

 
Climate Change 
 

7 Have you ever heard of climate 
change? 

Yes: …………………………...........…….1 
No: ……………………...........…………..2 

 

8 If Yes (1 above), what is your 
understanding of climate change? 

Rising Temperatures: ............................1 
Droughts: ..............................................2    
Floods: ..................................................3   
Erratic Rainfall: ......................................4 
Low rainfall: ...........................................5 
Strong wind: ..........................................6 
Cold Spells: ...........................................7 
Others (specify): ....................................8 

 
 
 
 
 

9 How and where do you get 
information on climate change from? 
 

Radio: ....................................................1 
Newspaper: ...........................................2 
Friends: .................................................3 
Extension Officers: ................................4 
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Internet: .................................................5 
Television: .............................................6 
Others (Specify) …………..........……….7 

10 What in your opinion are the possible causes of climate change? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 
………………………………………………………………………………………….. 

 

11a Have you ever experienced/noticed 
any changes in climate in your 
locality? 

Yes: ………………………...........……….1 
No: ………………………...........………..2 

 
 

11b If Yes in above, what changes have you experienced/noticed and since when?   
 Change  From When (Give years e.g. 1990 or  

range of years e.g. from 1990 to 1999) 
Erratic rainfall [  ]  
Low rainfall [  ]  
Flooding due to heavy rains [  ]  
Prolonged droughts [  ]  
Increasing temperatures [  ]  
Others (specify) ………………….  

 

 

12 To what extent have the changes identified in 11a above impacted on 
agricultural activities? 
At your farm/local level  
Reduced crop yield [  ] 
Change in planting time [  ] 
Crop failure [  ] 
Increased pest and disease infestation [  ] 
Flooding of crop fields [  ] 
Reduced soil moisture [  ] 
Others (specify) ………………………. 

 

 

13 How are you responding to these changes in 11b above? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 
………………………………………………………………………………………….. 

 

14 Do you anticipate further changes in 
climate in the near future? 

Yes: ……………………………...….1 
No: ……………………………....…..2 

 

15a If Yes in 46 above, in what timescale 
do you expect these changes to 
occur? 
 

0 – 5 years: .....................................1 
5 – 10 years: ...................................2 
10 – 20 years: .................................3 
over 30 years: .................................4 

 
 
 

15b Give reasons for choice of your time scale in (a) above. Record detail  
………………………………………………………………………………………….. 
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………… 

 
 
 

16 What aspects of climate change do you anticipate to notice profound changes 
and why? E.g. rainfall, floods, temperatures etc 
 

Aspect/Change  Why  

 
 
 

 

 

17 How will you respond to the changes identified in 16 above? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 
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18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Which of the practices listed below are used in your locality in response to 
climate change? 

Strategy  Approximate% /proportion/ No 
of farmers using 

Agro forestry [  ]  

Drought tolerant crops [  ]  

Rain water harvesting [  ]  

Irrigation [  ]  

Soil and water conservation [  ]  

Application of fertilizers and organic 
inputs [  ] 

 

Planting appropriate crop varieties [  ]  

Use of different cropping systems [  ]  

Others (specify) …………………...  
 

 

19 Which strategies of the ones 
mentioned above do you use? 
 

........................................................... 

........................................................... 

......................................................... 

 
 
 

20 Are you aware of other strategies 
that can be used in response to 
current and/or anticipated climate 
change? 

........................................................... 

........................................................... 

.......................................................... 

 

21 What would you require (techniques/information) to implement some of these 
strategies on your farm and/or in your locality? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 

 

22 Why do you think knowledge on climate trends and projected changes is 
important to a farmer? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 

 

23 What indigenous/traditional techniques do you use in weather forecasting and in 
what aspects of your agricultural prediction are they applicable? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 

 

24 Using the indigenous techniques in 
23 above, are you able to forecast 
weather changes accurately? 

Yes: ……………………………….1 
 
No: ………………………………..2 

 
 
 
 

25 In a scale of 1 (low) to 5 (high), how 
do you rate the accuracy of scientific 
weather forecasting? 
 

1 [  ]   
2 [  ]   
3 [  ]   
4 [  ]   
5 [  ] 

 

26 
 

Between the traditional approach 
and the scientific approach methods 
of weather forecasting, which one 
do you rely on most when making 
your farm management decisions? 

Traditional approach: .....................1 
Scientific approach: ........................2 
 

 

27 Why would you go for the approach in 26 above? Record detail  
………………………………………………………………………………………….. 
…………………………………………………………………………………………. 
………………………………………………………………………………………… 
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28 How do you rate the significance of 
climate change as an issue in 
agricultural production? 
 

1 [  ] Rated least  
2 [  ]   
3 [  ]   
4 [  ]   
5 [  ] Rated high 

 

29 Who do you think should play a 
bigger role in the mitigation of the 
effects of climate change? 

Researchers: ....................................1 
NGOs: ..............................................2 
Farmers: ...........................................3 
Developed countries: .......................4 
Government: ....................................5 
Private companies: ..........................6 
Research institutions: ......................7 
Others (specify) ………………...….8 

 

 
Thanks for giving me an opportunity to interview you 
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