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ABSTRACT 

This paper assesses maize-coffee-banana agro-ecosystemsô resilience to damage as well 

as computing the social-ecological vulnerability index to climate change on the southern 

slope of Mount Kilimanjaro in Tanzania. The study focused on identifying agronomic 

practices and assessing their impacts on agro-ecosystemsô resilience; examine the socio-

economic status of the farmers in the region and its impacts on agro-ecosystems; and 

examine the agro-ecosystemsô natural resilience and assess social-ecological 

vulnerability index to the impacts of climate change.  

About 400 households was covered in this household survey with response rate of 97% 

where by farmers were asked on their farming practices and systems, key informants and 

transect walk was also employed in gathering necessary information. Study was carried 

out at a specific designed transect for a selected part of Kilimanjaro region between 

Kisangesangeni-Miwaleni (700 m.a.s.l) and Makunduchi/Kirua Vunjo (1600 m.a.s.l) of 

about 21.7 km long at the southern part of Mount Kilimanjaro in Moshi rural district.  

The study shows a significant variation in agronomic practices with altitude and lack of 

sufficient agro-ecosystem resilience framing like conservation agriculture including 

agro-forestry, conservation tillage, contouring and terracing, mulching, Mix-

intercropping, and fallowing to mention a few; pest and disease control, soil 

conservation infrastructure, and off farm diversification were also key challenge to 

farmers. Social-ecological and economic Parameters was used in computation of 

vulnerability index. Because of variation in altitude which associates with different in 

microclimate and soils, the vulnerability also varied with altitude.  Elements like 

household cooking energy (94.8%), agriculture as main source of household income 

(94.5%), off farm contribution to the household (34%) etc. has shown to have some 

implication on household on choosing alternatives options on adaptations.  
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INTRODUCTION  

 

1.1 Background  

The Intergovernmental Panel for Climate change (IPCC) Fourth  Assessment Report 

cleared the doubt against the existence of climate change by proclaiming that warming 

of the climate system is unequivocal, as is now evident from observations of increases 

in global average air and ocean temperatures, widespread melting of snow and ice and 

rising global average sea level (IPCC, 2007).  

Climate change has gained momentum as a field of concern for the 21
st
 Century 

whereby scientific community has reviled the persistence of change in hydrosphere and 

biosphere due to atmospheric alteration which is said to be exacerbated by the functions 

of anthroposphere. Anthropogenic activities have been said to increase the quantity of 

greenhouse gases, especially CO2, which contribute to excessive global warming and 

threaten the living condition of both terrestrial and aquatic biodiversity. 

ñThe current debate on climate change, its impacts on socio-ecological systems and the 

role of agriculture has shifted from an emphasis on how to mitigate the effects of 

increasing greenhouse gases emissions to how to prepare and adapt to the expected 

adverse impactsò (Thomas et al., 2007).  
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One suggestion for measuring vulnerability is to use poverty as a proxy for household 

welfare, and measure the degree to which households or individuals are susceptible to 

and unable to cope with adverse impacts of climate change as a change in poverty status 

or change in depth of poverty. Second suggestion, is the use econometric analysis to 

estimate either expected poverty measures or expected utility measures of vulnerability 

to a shock. 

Agro-ecosystems in which humans manage and use communities of plants, animals, 

their biophysical environment, and their interactions (Gomiero et al., 2006) can be 

considered as social-ecological systems. In most modern agro-ecosystems, the native 

ecosystem has been replaced and has been dominated by humans over long periods of 

time (van Aperdoom et al., 2011). Although globally modern agro-ecosystems are seen 

as the epitome of non-resilience with their monocultures and energy-intensive farming 

practices (Holling and Meffe 1996), they are highly resilient at farm-field level. It is, 

therefore, important to consider the temporal and spatial parameters in determining the 

resilience of any particular agro-ecosystem taking into account the farming system, 

input and management employed over time. 

Conventional farming differs from organic farming, as the latter responds to site-

specific agro- cultural conditions by integrating biological and mechanical practices that 

foster cycling of resources, promote ecological balance, and conserve biodiversity; 

rather than using synthetic fertilizers, pesticides, growth regulators and livestock feed 
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additives, organic farming systems rely on crop rotation, animal and plant manures as 

fertilizers, some hand weeding and biological pest control (Williams, 2002). 

The more diverse the agro-ecosystems and the longer this diversity remains undisturbed, 

the more internal links develop to promote greater insect stability. Therefore, any 

changes on the levels of plant diversity in such systems can lead to disruptions of 

natural pest control mechanisms, potentially making farmers more dependent on 

pesticides (Kakar, 2011). 

Susceptibility is the concept which is used interchangeably with vulnerability. 

According to Adger (1999), vulnerability is the extent to which a natural or social 

system is susceptible to sustaining damage from climate change but vulnerability of a 

system can be determined by the nature of a system itself.   

Resilience can be referred to as ñcapacity of a system to experience disturbance and 

still maintain its ongoing functions and controlsôô (Holling and Gunderson, 2002, P. 

50). The resilience of a system can be determined by its exposure and vulnerability to 

internal or external shocks.  

1.2 Statement of the research problem  

During the course of this century the resilience of many ecosystems is likely to be 

exceeded by an unprecedented combination of change in climate and in other global 

change drivers (especially land use change and overexploitation), if greenhouse gases 

emissions and other changes continue at or above current rates (IPCC, 2007). By 2100 
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ecosystems will be exposed to atmospheric CO2 levels substantially higher than in the 

past 650,000 years and global temperatures that will be the highest in 740,000 years. 

These two factors will alter the structure, reduce biodiversity and perturb functioning of 

most ecosystems, and compromise the services they currently provide (IPCC, 2007). On 

the other hand, these may also present some opportunities to some ecosystems by 

enhancing favourable conditions for survival. 

Tanzaniaôs economy depends on agriculture, which accounts for more than one-quarter 

of GDP, provides 85% of exports, and employs about 80% of the work force (WFB, 

2013). Most interesting observation is that in Kilimanjaro, which is considered to be the 

main coffee producing region in Tanzania, cash income from coffee appears to be a 

very small share of total cash income among coffee producing households (a mere 8.7% 

of total cash income of coffee producers) (Sarris et al., 2006).  

In addition to coffee the other cash crops grown there are sugar cane, sisal, pyrethrum 

and cotton. Kilimanjaro Region is also important in terms of food crops such as 

bananas, beans, rice and millet. Since the 1970s, generational fragmentation of peasant 

farms in Kilimanjaro has increased in the case of a positive demographic growth. In 

such situations, potential coffee farmers (i.e., the sons of older peasants) are likely to 

abandon coffee farming in lieu of other activities and to remain on their parentsô tiny 

farms only as a last resort (Maghimbi, 2007). 

Agro-ecosystems are different from natural systems in that there must be an intervention 

by humans for the system to meet our needs (Cabell and Myles, 2012). In this case, the 
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interaction of human and natural environment would affect each other either negatively 

or positively. Therefore, how these interactions are going to cause either of them to 

compromise or lower the performance or its existence is the question to be addressed by 

this study. Studies have been done on agro-ecosystemsô resilience, yet most of these 

have been done in dry land ecosystems outside the African context. This calls for urgent 

research on the African context where agro-ecosystems are said to be most vulnerable to 

climate change. This study will be undertaken in mountainous agro-ecosystems of 

Kilimanjaro Region in Tanzania whose resilience and susceptibility are yet to be well 

documented.     

1.3 Objective of the study 

The main objective of this study is to assess a maize-coffee-banana agro-ecosystemsô 

resilience to climate change focusing on Kilimanjaro Region, Tanzania. 

1.3.1 Specific objectives 

i. To identify the farming practices of Kilimanjaro Region and assess their 

susceptibility to the impacts of climate change. 

ii.  To examine the socio-economic status of the farmers in Kilimanjaro Region and 

assess their capacity to adapt to the impacts of climate change.  

iii.  To examine the agro-ecosystemsô natural resilience and assess their 

susceptibility to the impacts of climate change. 
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1.3.2 Research questions 

i. What are the farming practices of Kilimanjaro Region and their susceptibility to 

the impacts of climate change? 

ii.  What are the socio-economic status of the farmers in Kilimanjaro Region and 

their capacity to adapt to the impacts of climate change? 

iii.  What is the agro-ecosystemsô natural resilience and their susceptibility to the 

impacts of climate change. 

1.4 Significance of the Study 

This study significantly aims to disclose information on climate change impacts to 

ecosystem services and help policy and decision makers in formulating smart strategies 

to deal with them in site specific. Also it aims to enhance awareness to local 

communities and extension officers about their social-economic practices on the 

environment and their associated impacts on agro-ecosystem taking in to account the 

resilience of agro-ecosystem. Meanwhile, the study aims to come up with the 

information on the extent to which the agro-ecosystem is vulnerable and inform the 

local ecosystem managers on how to reduce vulnerability of that system.  
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LITERATURE  REVIEW  

2.1 Introduction  

This section describes the secondary data about the situation of agriculture in 

Kilimanjaro and Tanzania in general with reference to its challenges especially climate 

change which is of no doubt unequivocal. Also it pinpoints the resilience issues and 

index of behavioural based to agro-ecosystems and its interaction to social ecological 

systems. 

2.2 Agriculture and Climate Change in Tanzania   

Agriculture is clearly one of the most important sectors of the Tanzanian economy. It 

comprised 45.1% of GDP in 2000 (World Bank, 2002). Upwards of 80% of the 

population of the country relies directly on agriculture of one sort or another for their 

livelihood. The three most important crops are: maize, coffee and cotton with maize 

being a major food staple, coffee a major cash crop grown in large plantations (and 

contributing significantly to the GNI), while cotton is another cash crop grown largely 

by smallholder farmers (Agrawala et al., 2003). 

Widespread social and economic changes in the peasant society and regionally as a 

whole have led to a decline in coffee production in Kilimanjaro since the 1970s, despite 

the fact that coffee is its principal cash crop (Maghimbi, 2007). The argument is made 

that wider institutional changes, in addition to internal changes in peasant households, 

have contributed to the decline of coffee and the rise of maize and rice as the principal 
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crops and Kilimanjaro peasants now produce only about 5,000 tons of coffee per year, 

which is less than half the yearly amount produced, on average, between the 1950s and 

the early 1990s (ibid).  

A number of studies conducted recently in Tanzania have recognized that climate 

change and variability is happening and is coupled with significant impacts on these 

natural resources, including agriculture which is the main source of livelihood in rural 

areas (Agrawala et al., 2003; Majule, 2008). Recent research suggests that, along with 

other East African countries, climate change is having significant impacts on Tanzania 

(Mwingira et al., 2011). ñDeteriorating water quality and quantity, loss of biodiversity 

and declining agricultural productivity due to climate change, are no longer potential 

threats but rather actual threats that have already materialized and caused Tanzanians 

repeated miseryò (Yanda, 2005). 

So far the government of Tanzania has realized that dealing with climate change 

requires local, regional and international efforts as both the causes and effects of climate 

change recognize no geographical boundaries (IPCC, 2001). The country has taken 

some steps in addressing the issues of climate change in its widest sense and it has 

ratified the United Nations Framework Convention on Climate Change (UNFCCC) in 

1996.  

Policies on natural resources of the country are also not framed well, specifically to suit 

local areas rather they are too general to cater for designated local variability. Land 

ownership is also a factor affecting the agricultural sector in Tanzania.  For example, the 
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institution of land tenure for Tanzanian peasants has been weak since the days of 

colonialism. Because the male children must share their fatherôs land, a peasant coffee 

farm in Kilimanjaro dwindles in size with each generation, especially when the father 

has no land other than the mixed coffee/banana farm where the family lives (Maghimbi, 

2007). Farms have dwindled in size to the point that the returns for most peasants are 

likely to be very small, even if/when prices are fair or high (ibid). 

2.3 Agro-Ecosystem and Social-Ecological Resilience 

ñAgro-ecosystem can be defined as an ecosystem managed with the intention of 

producing, distributing, and consuming food, fuel, and fibre. Its boundaries encompass 

the physical space dedicated to production, as well as the resources, infrastructure, 

markets, institutions, and people that are dedicated to bringing food to the table, fibre 

to the factory, and fuel to the hearthò (Cabell and Myles, 2012).  

The primary purpose of assessing resilience is to identify vulnerabilities in social-

ecological systems so that action can be taken to create a more sustainable future for 

people and the land (Berkes et al., 2003). Essentially, building resilience gives agro-

ecosystems the capacity to maintain the ability to feed and clothe people in the face of 

shocks while building the natural capital base upon which they depend and providing a 

livelihood for the people who make it function (Berkes et al., 2003).  

Complex agro-ecosystems are able to adapt and resist the effects of climate change. 

Many studies show that small-scale farmers who follow agro-ecological practices, cope 
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with, and even prepare for, climate change, thus minimising crop failure (Altieri, 1999). 

Results from studies like Natarajan and Willey (1986) on polyculture, Linda and 

Abdulai (2012) on organic certification suggest that these practices provide a higher 

resistance to climate events reduce vulnerability and make farms more sustainable in the 

long term. Based on this evidence, various experts have suggested that reviving 

traditional management systems, combined with the use of agro-ecological principles, 

may represent the only viable and robust path to increasing the productivity, 

sustainability and resilience of agricultural production (Altieri and Clara, 2013).  

ñData from nearly three decades of research trials indicate that wide-scale 

implementation of established, scientifically researched and proven practical farming 

methods will change agriculture from a global warming contributor to a global 

warming inhibitor, from a problem to a solutionò (LaSalle, 2008:5). Similar, but more 

detailed studies, are required to develop plausible predictions of local impacts as the 

current models tend to operate at greater scales (regional and global) that are not 

particularly useful for any one locality. This remains a great challenge for developing 

countries that lack the appropriate know how and human capacity (Thomas et al., 2007) 

and appropriate social economic and natural capital to manipulate their surroundings for 

their better living standard. 

2.4 Index of Behaviour-Based Indicators on Agro-Ecosystems Resilience 

Darnhofer et al., (2010) affirm that developing sets of surrogates or indicators, as 

suggested by Bennett et al., (2005) and Carpenter et al., (2006), is a more useful 
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approach to assessing resilience than trying to measure resilience itself. Cabell and 

Oelofse (2012) identified thirteen behaviour based indicators from resilience literature 

but only about five of them will be discussed hereunder. As is the case with other 

indicators, systems in which they are present are more likely to be resilient to shocks of 

vulnerabilities or indicate movement away from resilience. The following are some of 

those surrogates or indicators:  

2.4.1 Socially self-organized  

Carpenter et al., (2001:778) argue that the degree of self-organization in a given social-

ecological system is assessed by the extent to which the system managers force a 

particular configuration as opposed to the components of that system arranging them. 

Less interference allows the system to settle into a configuration that is ñdiverse [and] 

persistent.ò The manipulation of the land in the form of tilling, planting, weeding, and 

harvesting is in a sense a repeated disturbance (Ohlander et al., 1999). 

2.4.2 Ecologically self-regulated  

A self-regulating agro-ecosystem, as with any ecosystem, relies on the work of 

regulating ecosystem services. It relies on the hydrological cycle, biodiversity, and soil 

resources upon which terrestrial communities depend (Carpenter et al., 2006). ñThese 

regulating services provide the feedback mechanisms that make a system responsive 

and capable of adapting to both internal and external changesò (Cabell and Oelofse, 

2012). 
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2.4.3 Appropriately connected  

This refers to the dynamic relationships between elements within a system and between 

systems across spatial and temporal scales (ibid). Number and strength of connections 

within a system and between systems can determine its capacity for adaptation, 

transformation, and overall responsiveness to changes, thus influencing the systemôs 

degree of resilience (Gunderson and Holling, 2002). Appropriate connectedness appears 

as: farmers collaborating with multiple suppliers and multiple outlets, including 

consumers, rather than just one; flexibility in laws that enable producers to adapt their 

practices to local and changing conditions; and access to a labour pool with a wide 

range of skills changes (Cabell and Oelofse, 2012). 

2.4.4 High degree of functional and response diversity 

Functional diversity refers to the variety of elements and the ecosystem services they 

provide within the social-ecological system (Moonen and Barberi, 2008). Each element 

has a different job in making the system work. Response diversity, as defined by 

Elmqvist et al., (2003:488), is ñthe diversity of responses to environmental change 

among species that contribute to the same ecosystem function.ò An agro-ecosystem that 

contains a high degree of response diversity will be more resilient against various types 

and degrees of natural and man-made shocks (ibid).  
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2.4.5 High degree of spatial and temporal heterogeneity  

Heterogeneity in an unmanaged landscape results from the work of both biotic and 

abiotic actors. In agro-ecosystems the drivers of heterogeneity are more directly 

anthropogenic. Di Falco and Chavas (2008), argue that an agro-ecosystem with a 

heterogeneous pattern of land uses and crops, including crop varieties, is more resilient 

against future climatic changes. A temporal aspect of heterogeneity involves shifting 

cultivation which allows the long rest of the land and encourages biodiversity recovery 

over time which may facilitate the regeneration of natural enemy and in turn maintain 

the biological pest control. 
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MATERIAL  AND METHODS 

3.1 Introduction  

The following chapter provide information on the characteristics and location of the 

area under study, methods and techniques used in conducting this study. The chapter is 

divided in to three sections; first section providing the description of the study area; the 

second section describes different data collection techniques used during field survey. 

The last section describes data analysis and presentation of findings. 

3.2 Study area 

This study was carried out at a specific designed transect for a selected part of 

Kilimanjaro region between Kisangesangeni-Miwaleni and Makunduchi/Kirua Vunjo of 

about 21.7 km long (3
0 

28ǋ
 
0ǋǋ S to 3

0 
16ǋ 0ǋǋ S) and about 2 km wide (37

0 
30ǋ 0ǋǋ E to 

37
0 
26ǋ 0ǋǋ E) which is located in Moshi Rural District.

 

3.2.1 Geographical location 

Kilimanjaro Region is one of Tanzaniaôs thirty administrative regions situated in north-

eastern Tanzania. The region is contiguous with the Republic of Kenya to the north, to 

Tanga Region in the south-east, to Arusha and Manyara Regions to the west and south-

west, respectively. Kilimanjaro Region is administratively divided into seven districts, 

namely Hai District Council, Moshi District Council, Moshi Municipal Council, 

Mwanga District Council, Rombo District Council, Same District Council, and Siha 

http://en.wikipedia.org/wiki/Hai_District
http://en.wikipedia.org/wiki/Moshi_Rural_District
http://en.wikipedia.org/wiki/Moshi_Urban
http://en.wikipedia.org/wiki/Mwanga_District
http://en.wikipedia.org/wiki/Rombo
http://en.wikipedia.org/wiki/Same_District
http://en.wikipedia.org/wiki/Siha
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District Council. The regional capital is the Municipality of Moshi. According to the 

2012 national census, the region had a population of 1,640,087 inhabitants (URT, 

2013). 

 

Map 1: The map of study site 

 Source:   Chiesa geo-network site                                                        

http://en.wikipedia.org/wiki/Moshi,_Tanzania
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Map 2: CHIESA, Kilimanjaro study area (Down from Kisangesangeni to    

             Makunduchi Kirua Vunjo). 

Source: Chiesa geo-network site 
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3.2.2 Climate of the area 

In Kilimanjaro region the year is divided into four seasons with respect to the amount of 

rainfall. Two rainy seasons of April to May as major and a minor one in September to 

November, and two dry seasons, a major one in December to January and a minor one 

in July to August mark seasonal variations due to largely influence of the Inter-tropical 

Convergence Zone (ITCZ). There is marked variation in the amount of rainfall 

according to altitude and the direction of the slope in the mountainous areas of 

Kil imanjaro Region.  The mean annual rainfall varies from 500 mm in the lowlands to 

over 2000 mm in the mountainous areas of this region (over 1600 meters above sea 

level) (URT, 1998).  

Temperatures are closely related with altitude.  During the rains, more cloud cover and 

evaporative cooling tend to reduce maximum temperatures and cloud cover tends to 

raise minimum temperatures; hot seasons lasts from October to March with high 

humidity; temperatures going up to 40
0
C the lowlands of the region (URT, 1998). In the 

mountainous areas temperature ranges from 15
0
C to 30

0
C while the soils of the region 

varies; there are alluvial soils which are good for crops cultivation through irrigation 

farming due to unreliability of rainfall of these areas (URT, 1998).   

The Kilimanjaro region is divided in to four ecological zones based on altitude, soils, 

moisture and climate.  The zones include the peak of Kilimanjaro Mountain, Highlands, 

Intermediate (middle) and Lowland/Savannah Plains (Tambarare) Zones (URT, 1998).  
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The peak zone lies between 1,800 and 5,895 meters above sea level and normally it 

receives annual rainfall of more than 2000 mm.  The area between 1,800 and 2,400 

meters is gazetted both as the Kilimanjaro National park and Forest reserve. Due to its 

altitude and weather conditions, it is uninhabited while the highlands zone lies between 

1,000 and 1,800 meters above sea level with annual average rainfall falls between 1250 

mm and 2000 mm and temperature range of between 15 
0
C and 20 

0
C (URT, 1998). 

Intermediate zone lies between 900mm and 1100 meters above sea level and receives 

annual rainfall ranging between 800mm and 1250 mm.  It has a moderate soil fertility 

which is good for coffee plantations, bananas, maize, and beans and also suitable for 

dairy cattle, goats, pigs, rabbits and poultry farming of which is the economic activities 

of the indigenous of this area. Lowland zone lies below 900 meters above sea level and 

has an average annual rainfall of between 700 and 900 mm, while temperatures are 

above 30
 0

C (URT, 1998). Common crops grown in this zone include maize, cotton, 

rice, sorghum, cassava and pigeon peas.  

3.2.3 Land and land use in Kilimanjaro 

The region has an area of square km 13,209 of which are divided by land use of five 

categories as indicated in table 1 below. 
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Table 1: Distribution of the area and land use for Kilimanjaro region   

APPLICATIONS AREA (Km
2
). PERCENTAGE (%) 

Arable land 6,433 48.7 

Game reserve 3,051 23.1 

Parks and Pastures 2,018 15.3 

Forest 1,403 10.6 

Water 304 2.3 

TOTAL 13,209 100 

Source: URT, 1998 

3.2.3 Demographic characteristics of the region 

The population in Moshi Rural District has been increasing over time since 1967 and so 

has been the population density of the district. While in 1967 the population was 

241,490, it has reached 504,287 by the year 2002 (William, 2003), but 2012 Population 

and Housing Census for United Republic of Tanzania found the population of Moshi 

Rural District to be 466,737 which mark the decline since 1997. The decline may have 

been caused by natural decrease and out migration in search for livelihood elsewhere 

outside the region. 

3.3 Study Design and Sampling Design 

The study employed the cross-sectional study design. In this type of research study, 

either the entire population or a subset thereof is selected, and from these individuals, 

data are collected to help answer research questions of interest (Olsen and Daine, 2004). 

However, this cross-sectional design used household survey closed questionnaires to 
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collect socio-economic characteristics of the respondents, and details regarding 

agriculture practices, opportunities and challenges. 

In this study three sampling procedures was undertaken, namely purposive sampling, 

simple random and proportionate sampling. In purposive sampling farmers were 

selected across the transect. In selecting households (400 households) to be interviewed, 

a simple random sampling was employed to obtain representative households across the 

transect. Proportionate sampling was used to select villages across the transect, whereby 

the longevity and number of villagers within the zone determined the number of villages 

and respondents to be interviewed. A total of six villages were sampled along transect, 

these villages include Nduoni (in the upper zone), Iwa village (in the mid upper zone), 

Uparo village (in the mid lower zone), Yamu Makaa village, Uchira village and 

Kisangesangeni village (in the lower zone). A total of 400 households were 

proportionately chosen along the transect to provide an equal representation whereby 

the lower zone provided 150 household representation whereby three villages namely 

Kisangesangeni (530 households), Yamu Makaa (777 households), Uchira (600 

households) was involved. The mid lower zone involved one village (Uparo) which had 

747 households and provided 100 households as a sample. The mid upper provided 100 

households as a sample from one village (Iwa) having a total of 528 households and the 

upper zone provided 50 households representation out of 625 households in Uparo 

village. Sampling intensity differed according to longevity of the zone and number of 

villages it contains. Meanwhile the response rate of the survey was 95.75% when 383 

households participated fully, but addition of seven household was added to make up 
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400 households as a planned sample. One field assistant and one research assistant were 

involved in the data collection process which lasted for two months, i.e. March and 

April , 2014.  

3.4 Methods Used in Data Collection 

Basically there were two types of data collected, namely secondary and primary data. 

Secondary data were obtained from different resourceful literatures. Different 

documents related to the study were explored for in depth understanding of how far the 

problem had been studied. The sources included books, journals and unpublished 

literatures from the internet. Secondary data also gave an insight of what had not been 

covered about the research problem. 

Primary data are findings from the field. The following were the methods that were used 

in collecting primary data from the field. These included household questionnaires; key 

informantsô interviews and transect walk/field observation. About 400 questionnaires 

collaboratively designed with the manager and 6 M.Sc. scholars under the Work 

Package 7 of the CHIESA Project were administered to households to obtain their 

understanding of the problem under investigation. The open-ended questions from 

discussion was purposely designed to allow the respondents to freely provide their 

views and understanding about the problem being investigated on the ground (e.g. the 

status of agro-ecosystem, ecosystem service flow over time and the sustenance of these 

services to the local population). The focus group discussions were undertaken by 

selecting six to eight discussants per each village by summoning them for two to two 
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and half an hour. Three key informants (Village agricultural officer, Ward extension 

officer and District crop pest and disease specialist) were involved under interview for 

in-depth clarification of agriculture status of the study area.  

Field observation was undertaken by the researcher and indicators like crop pest and 

diseases, soil and water conservation strategies on the farm sowing systems, type of 

crops and their management at plot level and estimation of output was used to counter-

check the responses given by the respondents and it was based on judgement on the 

relationship between the social economic activities carried out by the indigenous 

farmers on the environment and how the environment and agro-ecosystem would be 

capable to endure and become resilient against its damage. In each zone some farms 

were traversed during transect walks and field observation. In the lower zone about 

eight farm plots were visited for this exercise. In the mid upper zone about four farm 

plots were traversed while in the mid upper and upper zone three plots were visited.  

3.5 Data Analysis 

Data from closed questions were analysed using IBM Statistical Packages for Social 

Sciences (SPSS) version 20 and Microsoft office Excel. The open ended questions were 

thematically analysed based the responses. Information collected through household 

surveys were summarized and put into descriptive statistics. Qualitative information 

collected through focus group discussions and key informant interviews was 

thematically analyzed and synchronized with household responses to add value to the 

information. Crop yield trend analysis from administrative offices was analyzed using 
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Microsoft Office Excel 2007 to present their patterns and trends in the form of graphs 

and tables. Findings from the analysis are presented in descriptive statistics, tables, 

charts, graphs, maps and photographs.   
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RESULTS AND DISCUSSION 

4.1 Introduction  

This particular chapter aims to analyse, describe, interpret and discuss the findings from 

the field data collected and its relationship with agro-ecosystem resilience to damage. 

Socio-economic parameters that lead to agro-ecosystems resilience to damage are also 

elaborated hereunder. 

4.2 Socio-Economic Characteristics of Households 

Among other things, the household survey was used to gather information such as age 

structure, gender status, education levels, primary and secondary occupation of 

households and how each of  these factors determine the resilience of agro-ecosystem of 

the area under study and how they exacerbate the agro-ecosystemôs vulnerability to 

climate change.  

4.2.1 Gender characteristics  

Very few cases of gender complications ware encountered in the field, and in this case 

the study was able to balance the gender representation between men and women of 

which 196 (49%) of male contributed to the survey and 204 (51%) of female were 

involved in it.  

Gender may have influence on agriculture and other socio-economic parameters. In the 

study area, most of the households interviewed were headed by males, which is a usual 
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tradition of most of African societies. Table 2 shows the gender distribution according 

to zone/altitude within the transect.  

Table 2: Percent distribution of respondents by gender and zones 

Gender of 

respondents 

Distribution by zones  

(N=150) 

Lower zone 

(N=100) 

Mid lower zone 

(N=100) 

Mid upper zone 

(N=50) 

Upper zone 

Male 44% 54% 56% 40% 

Female 56% 46% 44% 60% 

Total 100% 100% 100% 100% 

 

Source: Household Survey, May 2014. 

2.4.2 Age structure of respondents 

To ensure the validity and reliability of responses from the household survey, 

questionnaires were administered either to the heads of households or to adult children 

of a household. The minimum age was 23 years and maximum of 90 years with mean of 

52.5 years and 14.6 standard deviation. Most of the respondents were aged between 25-

54 years (57%). This was followed by middle aged of 55-64 years (22%). Only 20% 

was covered by elders aged 65 and above (Figure 1).  
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    Figure 1: Age structure of the respondents 

    Source: Field data, May 2014  

4.2.3 Household size and dependence 

The size of households in the surveyed villages varied across zones. Table 4 shows that 

51% of the households along the transect had between 4-6 household members. More 

than 19% of households had 7-9 members, while 25.5% had 1-3 household members, 

only 0.8% of the households had between 10-12 members.   

Table 3: Household size of respondents 

Household 

size 

Percent (%) of households per zone 

Lower zone Mid lower zone Mid upper zone Upper zone 

1-3  20 22 35 30 

4-6 54 51 45 52 

7-9 20 26 16 14 

10-12 4 1 3 4 

13-15 2 0 1 0 

Total 100 100 100 100 

Source: Field data, May 2014 
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Household size varied with zones, with households in upper zone and mid upper zone 

having fewer household members compared to mid lower and lower zones. The 

households having 1-3 members occupied 30% and 35% of the upper and mid upper 

zones, respectively.  Households having 1-3 members occupied 20% and 22% of the 

lower and mid lower zones, respectively; with a relative difference of 23%. Households 

with 4-6 members covered 52% and 45% for upper and mid upper zones, respectively, 

while 54% and 51% of households having 4-6 members seen in lower and mid lower 

zone, respectively - a difference of 8%. Another remarkable variation can be seen in 

households having members between 7-9 which covered 14% and 16% in upper and 

mid upper zones, respectively, while in lower and mid lower zones had 20% and 26%  

respectively, showing a relative difference of 16%. Large household size creates high 

dependence on land which is limited and reduce its outputs over time. 

 

Figure 2: Comparative household size according to altitude 

Source: Field data, May 2014 
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Meanwhile, household dependence varies with altitude in some ways as households in 

the upper and mid upper zone had 22% and 23% of 4-6 household dependants 

respectively, while the households having similar size of dependants in lower and mid 

lower zone accounts for 34% and 38%, respectively, but there is no remarkable 

variation in households having no any dependants across the zones. High dependence in 

households may results in difficult in adaptation and household diversification taking in 

to account their limited resources and education which exacerbate the dependence on 

land and which in turn limit agro-ecosystemsô goods and services provision.  

4.2.4 Education level of respondents 

Education is one of the factors that determine how people manipulate and master their 

surrounding environment. Education also influences the means of household income 

diversification and this reduces the dependence of agriculture per se for survival and can 

promote conservation or organic agriculture which is sustainable to agro-ecosystem.  

The study shows that 80% of the respondents had primary education. Only 17% of the 

interviewed respondents had secondary education. Very few (1%) had technical 

education, (1%) tertiary education, while 1% had no formal education (Fig. 3).  

Education status has indirect or direct influence in agro-ecosystemsô resilience. Most of 

adaptation and mitigation strategies on agro-ecosystem may require skills through 

formal education. Most of climate change challenges require sophisticated knowledge 

of which is learnt through formal education like model simulation, Disaster Risk 

Reduction (DRR) strategies like forecasting of climate related disasters and disaster 
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responses. Therefore, the lack of education may aggravate vulnerability both socially 

and ecologically.  

 
Figure 3: Education status of respondents 

Source: Field data, May 2014 

4.2.5 Household cooking energy 

Cooking energy is one of the basic energy which was discovered in ancient times 

whereby human kind was able to manipulate various types of food to make them easily 

edible. Hitherto, cooking energy has remained as one of the primary basic needs of the 

households for food preparation and to insure food security in the parameter of food 

processing and feeding habits. Fuelwood is one of traditional sources of energy which 

has remained the major source of fuel for over half of the worldôs population (FAO, 

1981).  
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About 94.8% of households along the transect uses fuel wood as their main source of 

cooking energy. About 62.5% of households using woods obtain them from their own 

farmlands, 14.5% buy fuel wood from the market, 9.8% from neighbour farmland and 

8% from gazetted forests. Only 5.2% use charcoal, Liquefied Petroleum Gas (LPG), 

Bio-gas, kerosene, animal dung, and farm residues. This may be interpreted that, there is 

heavy dependence on woods which may lead to negative implication on agro-ecosystem 

especially on the mid lower and lower zone where agro-forestry is not supported.  

 

        Figure 4: A farmer showing biogas plant in Nduoni village-Upper zone  

       Source: Shirima Kelvine, May 2014 

Due to limited economy of the households under study, it is difficult to manage biogas 

systems like the one shown in Fig. 4 as a source of household cooking energy because 

one biogas infrastructure costs not less than 1.5 million Tanzania shillings of which is 

difficult for an ordinary peasant to afford and this makes them rely only on fuel woods 

and few of them relied on charcoal.  
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4.2.6 Main source of household income  

The study show that about 94% of respondents identified subsistence farming as their 

main source of household income. About 87.5% depended solely on rain-fed 

agriculture, 11.25% depended on irrigated agriculture, while 1.25% practised both 

irrigated and rain-fed agriculture in the lower zone. On the other hand, about 2.8% of 

households depended on remittances as the main source of household income, another 

1.5% depended on non-agricultural salaried jobs as their main household income 

generation, and 0.8% was depending on coffee crop farming. The large percentage of 

households depending on subsistence agriculture are likely to increase the agro-

ecosystemsô vulnerability due to their entire dependence on farming because of constant 

soil disturbance and lack of fallowing and mono-cropping practice which led to constant 

fertility loss. 

Table 4: Main household income by frequency and percentage 

Source of income Number of households Valid percentage (%)  

Subsistence farming 378 94.5 

Ranching (beef) 1 0.3 

Cash crop farming 3 0.8 

Non agricultural employment 6 1.5 

Small business 1 0.3 

Remittances 11 2.8 

TOTAL  400 100 

Source: Field data, May 2014 
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4.2.7 Off -farm contributions  

Contributions from off-farm activities reduce overdependence on agriculture and 

lessens the agro-ecosystemsô vulnerability and over-exploitation. However, the results 

show that very few people engaged in these activities. About 22% of households had 

petty businesses varying from sale of liquor, small retail shops and crop business which 

enabled them to make a little profit that allowed them to diversify household income 

(Fig. 4). Another 7% of households had an employed member to non-agriculture related 

employment in government and non government organizations where they earned 

salaries. About 66% of households had no off-farm income generation sources, 

therefore, entirely depended on agriculture for their livelihood.   

 
Figure 5: Household off farm contributions 

Source: Field data, May 2014 
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4.2.8 Social safety nets of households 

Social safety nets can help rural households respond to more severe and more frequent 

climate-related shocks and build synergies with disaster risk management (DRM) and 

climate change adaptation (CCA) interventions for a continuum of responses from relief 

to social safety nets and to resilient rural development (FAO, 2011). Rural finance and 

micro-credit can be enabling activities for adaptive response, which are also used by 

women for resilience-building activities, as documented in Sudan by Osman-Elasha et 

al. (2008) and IPCC (2014). Credit and storage systems are instrumental in supporting 

families during the lean period, to prevent the sale of assets to buy food when market 

prices are higher (González et al., 2011). 

However, the overall safety nets situation in the study area shows that about 59% of 

household did not belong to any social safety net group. The social safety nets that 

existed varied with altitude. In the upper zone, for example, 14% belonged to Saving 

and Credit Cooperatives (SACCOs) and 10% belonged to a farmersô association, the 

Kilimanjaro Native Cooperative Union (KNCU) where they marketed their coffee. 

Other householdsô social safety nets varied from political groups (6%), staff 

associations (4%) and womenôs groups (4%). In the mid-upper zone about 46% had a 

membership in the farmersô association KNCU, only 6% of respondents belong to 

various SACCOs, while the remaining belonged to other social assistance groups, such 

as womenôs associations (2%).  
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The situation was different in the mid-lower and lower zones. About 26% of households 

in mid lower belonged to the farmersô association while 2% had membership in 

womenôs groups and another 2% belonged to the local SACCOs. About 22% of the 

respondents in the lower zone had membership in SACCOs and 8% were in womenôs 

groups. About 5.3% belonged to other social neighbourhood associations while 1.3% 

was in the farmersô association.  

 

Figure 6: Household social safety nets according to zone 

Source: Field data, May 2014 

4.3. Climatic Challenges on agricultur e 

Farmers have experienced difference climatic disasters like droughts, floods, below 

average rainfalls and few cases of strong winds which have altered their agricultural 

productivity over time. Some of these challenges are going to be discussed hereunder.  
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4.3.1 Flood and drought status 

Occurrence of different climatic disasters as mentioned above varies with zones due to 

differences in altitude of the study area with droughts and floods taking high frequency 

across the transect. In the upper zone with altitude between 1500-1900 metres above the 

sea level (m.a.s.l), about 42% reported drought as their primary climatic disaster while 

10% of them reported they had not experienced any type of climatic disaster. This may 

be due to the fact that these households do not cultivate in the mid lower and lower 

zones of which are more vulnerable to droughts. About 44% of these households depend 

on bananas as their staple food, while 8% practiced mixed farming of banana and 

coffee. All these farming were associated with agro-forestry which is common in home 

gardens.   

Meanwhile, 18% of these households claimed maize as their primary crop due to its 

ability to be stored for a long time. The maize is cultivated in the mid and lower zone 

from both leased plots and owned farmlands. About 22% of household sampled in 

Nduoni village in the upper zone reported below average rainfall as their primary 

climatic hazard. The remaining 22% of households reported a variety of other climatic 

events like floods (2%), erratic rainfall (2%), hail storms (6%), landslides (2%), strong 

winds (6%), and loss of top soils (4%).  

In the mid upper zone with an altitude of between 1300-1500 m.a.s.l, about 90% 

reported drought as their primary detriment of climatic event that affect their 

agricultural quality and yields as shown in Fig.7 below. This may be because most of 



36 
 

households (52%) cultivate maize as their primary crop in mid lower and lower zone 

farmlands where drought cases are mostly reported. About 39% of households sampled 

out in the mid upper zone depend on bananas as their primary and staple crop and only 

9% reported coffee as their major cash crop. Meanwhile, about 5% households in mid 

upper zone reported below average rains as their primary climatic events while 4% 

mentioned floods because their farmlands were located in the mid lower and lower 

zones which are prone to floods.  

The mid lower zone of altitude between 1000-1300 m.a.s.l reported almost similar 

situation as the mid upper zone as 89% reported drought as their primary climatic 

hazard with the remaining households reporting variously; from below average rains 

(3%), floods (3%), landslides (1%), strong winds (1%), and loss of top soils (2%) as 

their primary climatic issue Fig. 7. In this zone about 67% of the households depend on 

maize as their major crop and 33% depends on banana, there was no any household that 

depends on coffee as their major crop, because of price unpredictability and falling of 

market of this crop which led to its decline.  

In the lower zone the situation seems somehow different since 58% reported drought as 

primary climatic issue while 30.6% reported floods of which seems to be true because 

of nature of terrain. This zone has an altitude of 700-100 metres above the sea level in 

which all the drainage from upper, mid upper and mid lower zone are directed. This 

lower zone is dominated by maize as the main crop since 100% of the household 

sampled identified maize as their main crop although crops like sunflower, ground nuts, 
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sorghum, cowpeas and vegetables are cultivated by some few families either through 

irrigation or rain fed agriculture. 

About 88% of respondents admitted that the incidents of floods and droughts are 

changing while 10.25% said these incidences are not changing. Meanwhile, about 61% 

identified the trend of increase to these disasters while 28% admitted the trend of 

decrease. The reasons for changing of these disasters was reported to be deforestation 

by 26% of the respondents while 13.75% reported climate change as the causative and 

4.5%  said it is a matter of infrastructures.  

Unfortunately, about 41.7% of respondents did not know the reasons for changes in 

trend of climatic hazards over time. About 45.8% of farmers who have been impacted 

by drought responded to have altered their farming practices to adapt to these changes 

by either formulating or improving the existing soil and water conservation 

infrastructure or improve their seeds especially early maturity hybrid seeds. But 

unfortunately they claim these infrastructures like terraces and infiltration ditches to be 

inefficient due to increase in floods over time. About 51.3% of the farmers have not 

changed to any system after drought and the major reasons were economically driven 

and lack of enough extension services. 
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Figure 7: Climatic disaster responses according to altitude 

Source: Field data, May 2014 

4.3.3 Crop yield tr end analysis for Kilimanjaro region 

The trend of two major crops of the region is analyzed from the data obtained from 

historical records from Moshi rural district archive. The trend of maize and banana crop 

from 1985 to 2013 will be taken in to consideration. Regionally maize crop shows 

different trend for between years (Figure 8). Between the year 1985 and 1991 there has 

been low yield of maize regardless the land size which has very small variation in size 

per year.  

This might be caused by lack of enough inputs which may include improved hybrid 

seeds specific for a particular micro climate within the region. Also lack of fertilizers; 

pest and disease control inputs may have been among other the reasons. Meanwhile 

between the years 1986 to 1987 has shown a negative yield in relation to land size and 
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this may have been caused largely by climatic disasters like drought or extreme below 

average rainfalls.  

Between the years 1992 to 2005 the production seems to increase and probably it has 

been associated with availability and access of agricultural inputs and good climatic 

condition. Also there is a slight increase in land size under cultivation which may be as 

a result of availability and access of farm machinery like tractors which enable easy 

land tilling;  also migration to arable land may have been a reason behind the increase in 

land under cultivation. Meanwhile there are four consecutive years thus between year 

2005 to 2009 which shows the relative decrease in maize yield with almost similar size 

of land under cultivation. The reasons for these changes might be climatic problems and 

alteration of soil quality parameters due to farming system and inputs on the land. This 

trend has a closer relationship with household response as between 2003 to 2013 there 

has been a decline in maize yield due to two major reasons being lack of enough rains 

and land exhaustion. 
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Figure 8: A graph showing maize yield trend analysis for Kilimanjaro region 

Source: Moshi Rural District archive data, May 2014 

The case of banana crop trend analysis in Fig. 8 shows no significant changes from 

1985 to 1991 and from 1991 to 2000 where there was a significant fluctuation in yield 

despite the same land size under cultivation. Meanwhile from 2001 to 2013 there was 

no significant fluctuation in yield and this is because banana crop is cultivated in home 

gardens where it is associated with many elements of conservation agriculture like agro-

forestry, mulching and application of farm yard manure from zero grazed cattle. This 

situation seem to have maintained the agro-ecosystem stability that ensured the 

consistent yield in banana, contrary to maize which is cultivated in savannah plains of 

mid lower zone where conservation agriculture is not taken to consideration and this 
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cause the variation in agro-ecosystem resilience according to altitude given the variation 

in agricultural practices.  

 

Figure 9:  A graph showing banana yield trend analysis for Kilimanjaro region 

Source: Moshi Rural District archive data, May, 2014 

4.4 Farming practices  

Farming practices and cropping systems are directly proportional to agro-ecosystemsô 

resilience and this is determined largely by the conservation agriculture on farm lands. 

Conservation agriculture has good potential to both bolster food production and enable 

better management of climate risks (Verchot et al., 2007). Such practices, which include 

conservation/zero tillage, soil incorporation of crop residues and green manures, 

building of stone bunds, agro-forestry, and afforestation/reforestation of croplands, 
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reduce runoff and protect soils from erosion, increase rainwater capture and soil water-

holding capacity, replenish soil fertility, and increase carbon storage in agricultural 

landscapes. Conservation agriculture systems have potential to lower the costs of tillage 

and weed control with subsequent increase in net returns, as found in Malawi by Ngwira 

et al. (2012).    

4.4.1 Cropping systems 

This study explored existing cropping systems in the area namely mono cropping, 

mixed cropping, crop rotation, fallowing, mulching, cover crops and inter cropping. 

These cropping systems varied with altitude from lower zone to upper zone due to 

variation in soil types, temperature, moisture and perhaps land size per family along the 

transect. These cropping systems have different implication on the soils and hence 

determine yield and quality. For example, when a farmer practice mono cropping, it is 

difficult to maintain cover on the soil, encourages pests, diseases and weeds; and it can 

reduce the soil fertility and damage the soil structure (FAO, 2007).  

Due to variation of microclimates and ecological niches across transect, the farming 

systems also varies with altitude. The upper zone which is predominated by home 

gardens, mixed intercropping (the growing two or more crops simultaneously with no 

distinct row arrangement (Gliessman, 1992) system is common. About 63% of 

households practice mix intercrop, 34% intercrop banana, coffee, yam, trees and cover 

crops. About 4% of households in the upper zone practice mono cropping because their 
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major farmlands were located in the mid lower and lower zones which support maize 

cultivars.   

 

Figure 10: Mixed cropping at Iwa village in mid upper zone (Kilimanjaro) 

Source: The author, March 2014.  

In the mid upper zone about 42% practice mixed farming and 19% intercrop in their 

home gardens as their major farmland and the mixed inter cropping involve the same 

crops as in the upper zone while 39 % of households in the mid upper zone have their 

major farmland in the lower and mid lower zone where they practice mono cropping of 

maize as their primary and major crop. The mid lower zone where the conditions is 

different from mid upper zone, mixed cropping and inter cropping is highly practiced. 

According to the study about 51% of households sampled practice mixed cropping and 

29% practice inter cropping while 20% practice mono cropping system. This large 




















































































