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ABSTRACT

About 23,000 drip kits were distributed in 53 districts of Zimbabwe by 20 Non Governmental Organizations with the assistance of LEAD Zimbabwe and USAID/OFDA  between 2003 and 2006. The program’s objective was to mitigate the food shortage crisis in Zimbabwe by helping families grow their own vegetables and earn extra income.

The objectives of this study were to objectively and quantitatively assess the impacts and outcomes of these technologies (and the programs under which they were distributed); and to understand the main factors underlying “success” or lack thereof of drip irrigation kits, in order to derive lessons for designing future programs of this nature.  

A questionnaire was administered to 105 households each in Gweru and Bikita districts that received 618 and 400 drip kits from ORAP and FACT-Chiredzi respectively.  Of these 105 households in each district, 35 had adopted and continue to use the drip kits, while 35 had dis-adopted and the remaining 35 had never used drip kits (non-adopters).

The two implementing agencies in Gweru and Bikita Districts had different beneficiary selection criteria. ORAP’s beneficiaries were paid-up members of the Vukuzenzele association while FACT insisted on beneficiaries being able bodied and having a reliable source of water. Two contrasting extension systems were noticed in the two study areas. In Gweru District it is typically farmer-to-farmer training/extension with limited involvement of the implementing agency. A co-coordinator based at the growth point did the extension in Bikita. 

Three types of drip kits (Plastro, IDE and Netafim) were distributed in Gweru while only one type (Netafim) was distributed in Bikita.

Non-adopters had significantly more net garden income (NGI) than adopters in Gweru while adopters had significantly more NGI than non-adopters in Bikita. On a per hectare basis, adopters had higher NGI than non-adopters in both districts. For similar garden sizes, the analysis suggests that drip kits can be used as a tool to mitigate food shortages and at the same time generate income, in that drip irrigation gives more income.

However, that said, in both districts the contribution of dryland agriculture to net household income was far higher than drip irrigated gardening.  The contribution of drip irrigation to the well-being measures used was not discernible, possibly because of the small size of gardens compounded by the lack of local markets.

Several reasons were advanced for dis-adoption in the two areas, including water availability, health and unavailability of inputs. Successful adoption is dependant on availability of water, availability of affordable inputs, appropriate training and appropriate extension services. Dis-adoption rates were lower in Bikita than Gweru. In Gweru, dis-adoption rates varied according to availability of water. Two of the wards had high dis-adoption rates because water resources are limited. 

Selection criteria of the beneficiaries are also important. Though the program targeted the elderly, the study shows that they have higher dis-adoption rates than the able-bodied because they do not have the labor to fetch and lift the water into the tank. Training of trainers on drip kit management is crucial in such short programs, because it ensures sustainability even after the program has terminated. The Gweru case is a good example in that the program was embedded in a viable association and it ensured continuity and sustainability where other prerequisites, like availability of water, are met. The program was successful in Bikita because, even though funds for the drip kits were exhausted, FACT continued to use its other funds for paying the field co-coordinator.

The area covered by the drip irrigation kits is small compared to the area under bucket irrigation such that most farmers who had drip irrigation had another portion devoted to bucket irrigation. It is recommended that beneficiaries should have an area under drip of their own choice so that they can have the full benefit of using drip irrigation.
We came across a few farmers combining treadle pumps with drip kits, and they seemed to be doing better than those supplied only a drip kit.

Overall, we conclude that drip irrigation kits did not have a significant an impact on the incomes and well-being of poor farm households.  However, it is clear that under the right conditions (for example, inputs, technical support and spare parts available, and local markets for sale of produce), drip irrigation kits can make an important contribution to farm incomes.

1.0
INTRODUCTION

Zimbabwe is divided into five agro-ecological regions. These natural regions are a classification of the agricultural potential of the country, from Agro-ecological Natural Region I, which represents the high altitude wet areas, to Agro-ecological Natural Region V which receives low and erratic rainfall averaging 600 mm per annum (Vincent and Thomas, 1960). 

There are 170 communal lands, totalling 163,500 km2 or 42% of Zimbabwe (Anderson, et al., 1993). About 75% of these communal lands are in Natural Regions IV and V and depend on rainfed crop production as the main source of their staple food. These semi-arid areas receive less than 600 mm per annum with frequent droughts (Vincent and Thomas, 1960). The rainfall is also erratic, poorly distributed and falls predominantly for only a few months each year resulting in livelihood insecurity since water scarcity and food security are interrelated problems (Gowing, 2003). Good crop yields are achieved in three out of five years (Nyamudeza, 1998), forcing the communities to rely on stored underground water (Lovell, 2000; Mbetu, 1993) or water stored in dams, for vegetable production during the dry years (Mugabe et al., 2003).

Maize is the staple food of the communities living in the Communal lands of Zimbabwe. However, maize fails in most years especially in the semi-arid areas such that people resort to gardening as a source of income to purchase food and for subsistance.  A study carried out by Campbell et al. (2002) in Chivi shows the importance of gardening in the semi-arid areas of Zimbabwe. All the households sampled engaged in dryland crop production with 84% having access to gardens for small-scale irrigation. Slightly more than half of the gross income from gardening comprises cash while about a quarter of the dryland crop gross output is sold with the balance left for subsistence purposes (Campbell et. al., 2002). Garden production stands out in three ways – firstly it is something practiced by a wide range of household types. Secondly, a high proportion of its income is cash (as compared to dryland production), and thirdly it is predominantly women who provide labor for gardening production (Campbell et. al., 2002). 

In addition to cash income, specific environmental benefits of community gardens include reduction in pressure to cultivate marginal land, particularly streambanks, and the promotion of longer-term management strategies due to decreased risk and increased security of tenure that the schemes bring (Lovell et al., 1998)
1.1
The Socio-Economic Context

The Gross Domestic Product  (GDP) of Zimbabwe decreased from US$25.7 billion in 2001 to US$ 21.4 billion in 2005. The number of families making a living out of agriculture in Zimbabwe increased from 29% in 1995 to 60% in 2003 because of the declining economic situation that has resulted in 80% unemployment (FAO). The yields of maize (which is the staple food) in the smallholder sector have declined from 1.7 t/ha in 1996 to 0.5 t/ha in 2007 because of persistent droughts and inability to purchase inputs. This has resulted in a sizable proportion of rural people being unable to meet their food requirements (Figure 1.1). Drought relief programs have been implemented almost every other year since Zimabwe’s independence in 1980 as smallholder farmers frequently experience dry spells. The food insecurity situation has been exacerbated by the HIV/AIDS pandemic. The number of orphaned children and malnourished children stands at 1.3 million and 1.6 million respectively.  
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Figure 1.1: Rural people unable to meet their food requirements (FAO)

The impact of HIV/AIDS is felt more strongly in the rural areas more than in the urban areas because of the usual practice of taking a sick relative “back home” to the rural areas where they are supposed to be catered for until they eventually pass away. This situation is against the background of 62% of households experiencing extreme poverty (GoZ, 2004). This figure has always risen following a decrease in the amount of disposable income due to high inflation rate which stood at about 7900% in late 2007 (CSO, 2007). Generally all the social indicators (Table 1.1) have been deteriorating as a result of lack of viability in the economic sector. 

Table 1.1: Key development indices in Zimbabwe

	
	1990
	1995
	2000
	2002
	2003

	Real GDP growth (%)
	7.0
	0.2
	-8.2
	-14.5
	-13.9

	Per Capita real GDP growth (%)
	5.5
	-1.3
	-7.7
	-14.7
	-14.1

	Inflation (%)
	15.5
	22.6
	55.9
	133.2
	525.8

	ODA flows (US$ million)
	295.9
	347.7
	192.6
	**
	**

	Net Foreign Direct investment (US$ million)
	-12
	98
	16
	23
	5

	Population (million)
	10.4
	11.8
	**
	11.6
	11.9

	HIV/AIDS prevalence Population (%)
	**
	**
	25
	34
	34

	Structural unemployment
	**
	**
	**
	>50
	>50


** not available.

There has been a negative trend in development indicators and an increase in inflation, HIV/AIDS and structural unemployment. Of particular interest is the way inflation has affected companies involved in the production of seeds, fertilisers and other agricultural inputs rendering it difficult to get the inputs.

It is against this background that the present study on drip kits must be understood. For example, some of the farmers had problems reporting their profits either in thousands or million of dollars because of the devaluation of the Zimbabwean dollar which led to the “removal of three zeros” such that if someone bought something for Z$10 000, the new price would be Z$10. This devaluation took place in August 2006 and thus had the effect of confusing rural farmers when it came to pricing their goods and calculating their income.

1.2
Overview of drip irrigation in Zimbabwe

There has been a number of water saving technologies developed for dryland crop production in Zimbabwe (Nyagumbo and Mugabe, 1996). Despite limited water resources, few technologies have been developed for gardening, yet farmers spend a lot of their time irrigating and most of the water is lost through evaporation. Low head drip irrigation kits have been developed in India with the aim of saving water in vegetable production.  

Different types of drip kits have been developed by different companies in different countries. Those that have been used in Zimbabwe are depicted in Table 1.1. 

Table 1.1: Some of the drip kits that have been used in Zimbabwe and their country of manufacture

	Drip Kit
	Country of manufacture

	
	

	Netafim
	Israel

	Plastro (Ronfleur)
	Israel

	EIN-TAL
	Israel

	IDE
	USA

	Automated (small diameter)
	Zimbabwe

	Automated (large diameter)
	Zimbabwe

	Forster
	Zimbabwe

	Plastro (Water Wise)
	Israel


The low head drip kit can irrigate around 100 m2. The capacity of the drum (tank) is normally 100-200 litres, and it must be filled once or twice a day (Moyo, et al., 2006), depending on evaporative demand. The drum must be placed at a height of 1-2 m above ground, to provide the required pressure. Water then flows from the drum into 10-30 m long drip-lines, in which emitters are regularly spaced to release water (Chigwedere et al., 2004)

The Zimbabwean experience with drip irrigation kits has been studied under three headings (Rohrbach et al., 2006):

· Technical evaluation of drip kits, either conducted under laboratory or field conditions

· Experiences observed on the farmers’ fields where farmers were the managers

· Socio-economic conditions and water availability.
Chigerwe (2003) evaluated quality, emitter flow rate, distribution uniformity, and clogging of the eight drip kits that have been distributed in Zimbabwe. The drip kits differ in all the aspects tested. Netafim, Plastro, IDE and EIN-TAL proved superior in terms of quality but are more expensive than local kits. Clogging is one of the problems faced by smallholder farmers because of the quality of water they use, which is saline in some cases. Plastro and Forster kits performed well in terms of emitter flow rate. However, the Plastro performed poorly when it was tested for clogging while the Forster kit maintained an acceptable emitter flow rate under clogging conditions.

Maisiri et al. (2005) evaluated the effects of drip irrigation kits on water and crop productivity compared to bucket irrigation. They concluded that, for rape, drip used 35% of the water used by bucket irrigation. They also observed that drip did not save labor considering that the drum under drip had to be filled and there were no significant differences in yields between drip use and bucket use.

Moyo et al. (2006) evaluated the impact and sustainability of the low-head drip irrigation kits in semi-arid Zimbabwe. Their findings are that low cost drip kit programs can only be a sustainable intervention if implemented as an integral part of a long term development program, not short term relief programs. Only two percent of beneficiaries were able to produce vegetables during five consecutive seasons. They came up with a protocol for drip irrigation kit distribution programs that includes: 

· distance of water source

· reliability of water source

· follow up visits

· training

· targeting and spares.

A previous assessment of experiences in southern Africa (IWMI, 2006) with small individualized irrigation technologies recommended, broadly, that low-cost drip irrigation kits as well as low-cost treadle pumps could make a substantial difference in reducing food insecurity and poverty in many rural areas of the region, but only if the necessary conditions for long term sustainability are in place. As part of that study, the impact of treadle pumps on gardeners using watering buckets in Malawi showed a substantial impact, with most treadle pump users escaping poverty and remaining food secure, in contrast with watering bucket users (Mangisoni, 2006).  On the other hand, a recent large-scale survey of the impact and sustainability of drip irrigation kits distributed as “relief” to drought-stricken rural poor people in Zimbabwe documented that sustainability was very low: by the second year, only 25 percent of initial adopters continued to use the kits; by year three, this had further declined to 8 percent (Rohrbach et al., 2006).

1.2
The LEAD drip kit program

The Zimbabwean LEAD program on drip kits started in 2003 and was funded by USAID/OFDA as part of the Protracted Relief Programme (PRP) with very little, if any, support for development assistance. The objective of the program was to mitigate the food shortage crisis in much of Zimbabwe by improving nutritional status, increasing food security, and earning income for more than 20,000 food-insecure and AIDS-affected households (DAI, 2004).  About 30% would be produced for own consumption and the rest for sale. For consumption they recommended nutritious crops like the greens, reds, yellows and herbs that are believed to boost the immune system. The project began in June 2003 and ended 12 months later, though LEAD has continued to expand its Household Nutrition Garden (HNG) program in collaboration with other NGOs. The project was expected to achieve results within 12 months (Table 1.2).

Table 1.2: Expected results from the LEAD program in Zimbabwe.

	Expected Result
	Target

	Production
	20 000 households would grow 12 million kgs vegetables or 600 kg/household

	Income
	20 000 households would earn the equivalent of US$1.2 million or US$60/household

	Water saving
	20 000 households save 1.6 billion liters of water/year or 80 000 liters/household

	Capacity building
	200 certified NGO field agents, 2000 certified contact farmers, 20 000 farmers and 40 third party NGO extension workers trained on aspects of drip management


Thirty-four different NGOs were supported by LEAD to establish drip kit nutrition gardens in 53 of the 58 districts in Zimbabwe (Figure 2.1) in the wards where they were working.

1.3
Objectives of this study

The study evaluated the effectiveness and impact of providing drip irrigation kits in Zimbabwe following a more ‘developmental’ mode.  The overall goal is therefore to contribute to finding ways to more effectively support resource-poor farmers to reduce their vulnerability to drought and thereby improve their food security, nutritional status, and incomes. The two objectives were: 

· to objectively and quantitatively assess the impacts and outcomes of the drip irrigation kit technology 

· to understand the main factors underlying “success” or “lack of success”, in order to derive lessons for designing successful and sustainable future programs of this nature.
2.0
METHODS AND SAMPLING DESIGN

2.1 The study areas

Of the 53 districts that were given drip irrigation kits, Gweru and Bikita districts were chosen  (Figure 2.1) for this study.  They are both rural areas inhabited by smallholder farmers. Tenure in the districts, like all other communal areas in Zimbabwe, is ill defined. The state is the nominal owner of all the land, but de-facto control frequently remains with traditional leaders and there is a strong sense of ownership of land the individuals owns (Moriarty and Lovell, 1998). There are two administrative systems, government and traditional. The government administrative system recognizes Provinces, Districts, Wards and Villages, while the traditional system consists of paramount chiefs, chiefs, headmen and kraal-heads.

Land use in both districts is typical of communal lands in Zimbabwe with dryland crop production in the rainy season and animal rearing throughout the year. Fields where crop production is carried out are individually owned while grazing areas, dams, and boreholes that are constructed by the government or NGOs are considered common property. Two to three extension workers provide agricultural extension services to one ward that consists of about six villages with about 100 households per village.

Gweru District

Gweru district lies within Natural Region III and is 25 km from Gweru town. It is located 19o 13’ 60S 29o 15’ 0E and is 1255 m above sea level. The mean annual rainfall is 852 mm and rainfall is received between November and April. The mean temperature is 16oC with mean maximum and minimum temperatures of 24o C and 10.7o C respectively.  The soils are predominantly medium sandy loams. The wards differ in that some have shallow water table, thus creating vleis, while in other wards the water table is deep with no signs of inundation. The main crops grown in the area are maize, [image: image8.png]


groundnuts and bambara nuts. The three wards in which the study was carried out are Bafana, Nyama and Sikombingo. 
Figure 2.1: Study sites (shaded) and districts that had the Household Nutrition Gardens in Zimbabwe

Bikita District

Bikita district lies within Natural Region IV and it is 100 km east of Masvingo town. It is located 20o 4’ 60S and 31o 37’ 0E and is 986 m above sea level. The mean annual rainfall is 750 mm and rainfall is received between November and April. The mean temperature is 19o C with mean maximum and minimum temperatures of 26.0 o C and 12.8o C respectively. Most of the district is hilly and the streams flow throughout the year. The soils are predominantly sandy soils. The main crops grown in the area are maize, sorghum, groundnuts and rapoko.   The study was carried out in Wards 10, 13 and 15. 
2.2
Qualitative approaches

Though the research is largely quantitative, methodological triangulation was employed where qualitative unstructured interviews were also used to collect data. These qualitative approaches included interviews with LEAD staff, the implementing NGO personnel and AREX personnel. There was also analysis of documentation and secondary sources relating to the history and activities of  the NGOs concerned, lists of beneficiaries of drip kits and some of the findings of the concerned NGOs working in the two Districts of Bikita and Gweru. 
2.3
Sampling procedure

Water availability was one stratification criterion used in that one of the two districts selected was supposed to be wet and the other one dry. This was based on the agro-ecological (Natural Regions) classification of the country. Natural regions are a classification of the agricultural potential of the country, from natural region I (>1000mm per annum) which represents the high altitude wet areas to natural region V which receives low and erratic rainfall averaging 550 mm per annum (Vincent and Thomas, 1960). 

A multi-stage sampling procedure was adopted from local administrative districts to the individual farmer.  The sampling methods used were random sampling and purposive sampling. The total sample size was 210 from the two districts with 105 farmers selected per district. Stage two involved selection of secondary sampling units in wards and districts. Since not every ward received drip kits, purposive sampling was used to find those wards that received drip kits.  In Gweru only 3 wards received drip kits. Within the selected wards, 53 households were randomly selected in the first ward and 52 households in the other two wards giving a total of 105 per each district. Percentages of adopters, dis-adopters and non-adopters as per the proposed sampling procedure is depicted in Table 2.1 and the actual numbers in each farmer category and district is shown in Table 2.2.

Lists of names of beneficiaries were collected from the respective implementing NGOs. For the adopters, the team visited the location of the drip irrigation kit to observe if it was operational.

Table 2.1: Sampling procedure

	Type of smallholder
	Percent

	Adopters selected
	34

	Dis-adopters
	33

	Non adopters
	33


Table 2.2: Number of households in each farmer category and district

	
	Gweru District
	Bikita District
	Total

	Adopters
	39
	37
	76

	Dis-adopters
	28
	32
	60

	Non-adoptes
	40
	33
	73


A structured questionnaire field survey was developed with the assistance of Dr Mangisoni, adapted to the Zimbabwean situation, and was administered by MSU fourth level students. Four of the six students are mature, have agricultural diplomas and are on AREX study leave. The students underwent a two-day training course on how to use the questionnaire.  The training was on the background of the study and translation of the questionnaire.  Each student was also involved in the pre-testing of the questionnaire that was done in Kwekwe District (that is outside the districts where the study was carried out).  The students were headed by two supervisors who are lecturers in the Midlands State University. 

The primary data focused on information regarding socio-economic and related data, land holding, dryland crop production, acquisition and use of drip irrigation kit, resource management and collective action, asset ownership and food security.
The quantitative survey data was analysed using the Statistical Package for Social Scientist (SPSS). Data analysis was done in SPSS and consisted of simple descriptive statistics such as frequency analysis and cross tabulations. 

2.4
Analytical methodology

2.4.1
Gross Margin Analysis

Gross margin analysis was performed to assess whether adopters of drip irrigation kits accrued more benefits than those who did not adopt drip kit irrigation (bucket/can users). The analysis only looked at returns from sale and consumed vegetables and costs incurred in the gardens which is termed Net Garden Income (NGI) in this study. The cost of the drip irrigation kit was not included as part of the variable costs since it was a donation. For comparison’s sake, the cost of the bucket was also not included since both farmers use it for ferrying water from source into the kit for adopters or onto the vegetable bed for non-adopters. Return per Dollar was obtained by dividing gross income by variable costs. To enable comparison of NGI for adopters and non–adopters the NGI was then calculated on a per hectare basis. The NGI and the Return per Dollar for adapters and adopters were compared using t-statistics
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where t is the t-statistic used to compare two means, n1 and n2 are the numbers of elements and the squared sigmas are the variances for category 1 and 2 , respectively.

To calculate the p-value (Edriss, 2003) the following formulae were used:

First, z =(pb-pf)/sp
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q = 1-p
where nb and nf are sample number for the adopters and dis-adopters, pb and pf are percentages (fractions) of adopters and dis-adopters on a given response. The p-value is then obtained from z-tables. 

2.4.2
Wellbeing measurements

Assessment of poverty was done by calculating the well-being measurements of headcount index, depth of poverty and poverty severity index (Mangisoni, 2006)

Headcount index is the share of the population, which does not reach a given threshold, which was defined as 122 kg of maize equivalent per capita. Headcount index (HI) was computed as follows:
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where q is the number of farmers below the 122 kg (Aquino et al. 2001) of maize equivalents per capita poverty line, and N is the number of all farmers in the category being analyzed.

Depth of poverty (DP) or poverty gap gives information on how far off a farmer is from the poverty line. This was computed as the average distance between population and the poverty line taking the distance of non-poor farmers to be zero. The following formula was used to calculate DP:
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where np is number of poor farmers; nnp is the number of non-poor farmers; PL is consumption poverty line; and PP is the per capita consumption of poor people.

The poverty severity index (PSI) is used to add value to the above two indices. This index puts more weight on individuals further from the poverty line to demonstrate the extent of extremely low levels of consumption in a population or inequality among the poor. PSI is the average squared consumption shortfall of the population as a proportion of the poverty line. The PSI was calculated as 
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where n is total number of farmers in the category; q is the number of poor farmers; 
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is the quantity of maize equivalents consumed by the ith farmer; and Z is the consumption poverty line. 

To strengthen the three indices above, relative risk of poverty and transition matrices were calculated.  Relative Risk (RR) is the probability that members of a group will be poor in comparison with the probability of poverty for non-members of the group. RR is calculated by looking at the headcount index and the share of all poor in the group and these are compared with other groups as follows:

RR = 1 – [Headcount of target group] / [Headcount of Reference Group] 

Movement in and out poverty helps to identify whether individuals in a group are getting better off or worse off. Calculation of the transition matrix entails having two profiles of the target population. During each profile, proportions of individuals above and below the poverty line are computed. Comparisons are then made between the two profiles to see if there are some individuals who were poor in the first profile but emerged as non-poor in the second profile and vice versa. An individual whose status has not changed is also noted.
3.0 RESULTS AND DISCUSSION

The dis-adopters are most likely those who were disgruntled about the small area covered by drip irrigation and would have most likely increased land under use in the garden. Interestingly, these dis-adopters tended to use buckets that were donated to them by the NGO at the same time they received drip kits. This is especially true for Bikita where beneficiaries received the drip kit, a bucket and packets of vegetable seed and fertilizers.

Some farmers who benefited from the drip kit program insisted that they were still using the drip irrigation kit though they had actually abandoned using the kits. It was observed that they were not using the drip kit when the team insisted on conducting the interview at the field/garden where the kit was installed. Some argued that it was kept at home for safe-keeping. Such farmers were excluded from both the adopters and dis-adopters group. 

3.1 Demographical characteristics of adopters, dis-adopters and non-adoptors

3.1.1
Gender

There were more males than females in all categories of adopters, dis-adopters and non-adopters in Gweru district (Table 3.1). Males were 68% and 65% respectively for dis-adopters and non-adopters whilst the figure was 56% for adopters in Gweru district. In Bikita district there were more male adopters and non-adopters than female adopters and non-adopters whilst the figures for male and female dis-adopters were the same. 

Table 3.1: Gender distribution of adopters, dis-adopters and non-adopters in Gweru and Bikita Districts

	Status
	Gweru
	Bikita
	Total

	
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)

	Male
	56.4
	67.9
	65.0
	62.2
	50.0
	66.7
	59.2
	58.3
	65.8

	Female
	43.6
	32.1
	35.0
	37.8
	50.0
	33.3
	40.8
	41.7
	34.2

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	N
	39
	28
	40
	37
	32
	33
	76
	60
	73


Decisions made about the use of drip kits were mainly made by the male of the  household and not the woman (wife). This has some cultural basis where the patriarchal set up is such that it favours male authority. Even the extension workers and NGO officers’ list were such that they first approached males in the households. It was only when they discovered that the males were absent that they then put women on the list. Therefore, it is only in the case of divorce, migrant husband or widowhood that the female became head of the household and was allocated a drip irrigation kit where she could then make decisions regarding its use. Otherwise in the full presence of the male head, it is not possible for the woman to be allocated a drip kit and then go on making decisions pertaining to its use.

While it is the norm that women are the ones concerned about the day-to-day food consumption of the household, when it comes to donations (such as drip kit) and dealing with the outside world (NGOs), it is still the men (if they are there) who would want to control such technology and thus have power over women and the whole connection between the donors and the community.

3.1.2
Marital status

Bikita had the highest number of married couples for both the adopters and non-adopters compared to Lower Gweru (Table 3.2). The dis-adopters had the highest number of married couples in Lower Gweru. Lower Gweru had the highest number of widowed respondents (41.5%). There were polygamists in Gweru for the adopters and dis-adopters while in Bikita District polygamy is found only among the disadopters (3.1%). 

Table 3.2: Marital status of adopters, dis-adopters and non-adopters in Gweru and Bitita Districts

	Status
	Gweru
	Bikita
	Total

	
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)

	Married
	51.2
	71
	65.7
	83.8
	62.5
	87.9
	68.4
	65.0
	75.3

	Polygamist
	7.3
	3.2
	0
	0
	3.1
	0
	2.6
	3.3
	1.4

	Single
	0
	3.2
	5.7
	0
	3.1
	0
	0
	3.3
	2.7

	Divorced
	0
	3.2
	0
	0
	3.1
	0
	0
	3.3
	0

	Widowed
	41.5
	19.4
	28.6
	16.2
	28.1
	12.1
	28.9
	25.0
	20.5

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	N
	41
	31
	35
	37
	32
	33
	78
	63
	68


3.1.3
Educational levels

Lower Gweru had the highest number of people who could not read or write Shona or Ndebele (Table 3.3). Of the adopters, dis-adopters and non-adopters in Gweru District, 22%, 19% and 34% could not write or read Shona or Ndebele respectively whilst the figures were 11%, 31% and 15% respectively in Bikita District. 

The level of literacy of the households involved in this study is very high with all the three groups being over 66% regardless of whether they are adopters, dis-adopters or non-adopters. Such a high level of literacy for both districts shows that the very act of either adopting or dis-adopting is a conscious decision made by somebody who is very much aware of the consequences of either adopting or dis-adopting drip technology. However, in Bikita District and for the overall sample, dis-adopters had the highest number of illiterate individuals compared to the other two groups.

Table 3.3: Distribution of adopters, dis-adopters and non-adopters by ability to read and write Shona or Ndebele in Gweru and Bikita districts

	Status
	 Gweru District
	Bikita District
	Total

	
	Adopters

(%)
	Dis-

Adopters

(%)
	Non adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non adopters

(%)

	Can read and write
	78
	80.6
	65.7
	89.2
	68.8
	84.8
	84.2
	71.7
	76.7

	Cannot read and write
	22
	19.4
	34.3
	10.8
	31.3
	15.2
	15.8
	28.3
	23.3

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	N
	41
	31
	35
	37
	32
	33
	78
	63
	68


Very few farmers did not attend some formal schooling in the two districts except in Gweru District where 18.8% of the non-adopters had no formal education (Table 3.4). Between 28.2% and 62.8% of all the categories of farmers had attended between Grade 5 and 7 in the two districts. Dis-adopters in Gweru had the least number (3.2%) of farmers with Form 1-2.  Between 14.3% and 28.2% of the farmers had attended between Form 3 and 4 for all the categories in both Gweru and Bikita Districts. Adopters and non-adopters in Lower Gweru and Bikita had the only cases where 2.6 and 3.1%, respectively, had attended high school and above. Adopters in both Gweru (79%) and Bikita (91%) Districts had the highest number of farmers who had gone beyond grade 5.

Table 3.4: Educational qualifications of adopters, dis-adopters and non-adopters of farmers in Gweru and Bikita districts

	Status
	Gweru
	Bikita
	Total

	
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)

	None
	0
	3
	18.8
	0
	3.3
	3.1
	0
	3.5
	6

	Grade 1-4
	20.6
	19.4
	6.3
	8.6
	4.3
	16.6
	14.6
	12.3
	16

	Grade 5-7
	46.0
	58.1
	28.2
	62.8
	45.6
	31.2
	54.9
	54.4
	36

	Form 1-2
	15.4
	3.2
	18.8
	14.3
	16.7
	18.8
	13.9
	10.5
	18.8

	Form 3-4
	15.4
	16.3
	18.8
	14.3
	23.3
	28.1
	15.2
	19.3
	0

	High school and above
	2.6
	0
	0
	0
	0
	3.1
	1.4
	0
	23.2

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	N
	41
	31
	35
	35
	30
	33
	76
	61
	68


There is a slight difference in the demographic characteristics of the two districts. Gweru has the higher number of widowed, lower number of married couples, higher number of polygamists, and lower number of people who could not read or write Shona or Ndebele.
3.1.4
Living status

The respondents were asked to rate themselves in terms of how well-off they are. The figures for the living status of the beneficiaries in both Gweru and Bikita districts indicate that more than 60% were above medium in terms of richness with only about 25% being poor or very poor in all cases (Table 3.5). Most of the households that are food-insecure are either poor or very poor; hence one of LEAD’s objectives of providing food security to vulnerable households was not met. 

Table 3.5: Living standards of adopters, dis-adopters and non-adopters in Gweru and Bikita Districts

	Status
	Gweru
	Bikita
	Total

	
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)
	Adopters

(%)
	Dis-

Adopters

(%)
	Non-adopters

(%)

	Rich
	13.5
	3.4
	3.2
	2.9
	11.1
	0
	8.7
	7.5
	1.4

	Medium
	54.1
	75.9
	58.1
	70.6
	59.3
	66.7
	62.3
	66.0
	63.8

	Poor 
	32.4
	20.7
	38.7
	26.5
	25.9
	33.3
	29.0
	24.5
	34.8

	Very poor
	0
	0
	0
	0
	3.7
	0
	0
	1.9
	0

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	N
	37
	29
	31
	34
	27
	33
	71
	56
	64


3.2
Organisations engaged in drip irrigation distribution 

LEAD got a grant from USAID and in turn sub-contracted 34 implementing agencies to distribute the drip irrigation kits to about 20,000 beneficiaries throughout Zimbabwe.

The project commenced in June 2003 and continued for a period of 12 months. The timing competed with dryland cropping in that it was only possible to have one crop before the beginning of the rains in October/November 2003. They could only start gardening activities again the following May when the 12 months had ended, hence three cycles was not achievable.

ORAP was one of the 34 implementing agencies that assisted in the distribution of the drip irrigation kits in Gweru district. ORAP operates through the Vukuzenzele District Association in Lower Gweru district. The Association is made up of an Umbrella that consists of six groups. A Group is made up of 10 Units and each Unit consists of five family members. 

ORAP distributed 618 drip irrigation kits in Gweru District. The selection of beneficiaries was left to the Association members with little involvement of ORAP staff. One had to demonstrate ability to pay a subscription of Z$6000/month. This might have discriminated against the need-based criteria which were meant to ensure that the poorest of the poor were included in the programme. 
Farmer training on drip kit management lasted for eight hours, and was done once (when they were supplied with drip kits) by ORAP staff from Bulawayo at a local primary school. Thereafter some association farmer leaders got intensive training from ORAP and these have been the ones who trained and disseminated information to the rest of the farmers in the post-LEAD program era that lasted for between  6-12 months. 

FACT’s selection criteria were such that one had to be able bodied, have a reliable source of water, and be a ‘good farmer’. In Bikita district, the identification of the beneficiaries was done by FACT with the assistance of AREX officers. FACT distributed 400 drip kits in Bikita and Chiredzi District. FACT has a drip kit coordinator who is stationed at Bikita growth point. 

A study by Rohrbach et. a.l. (2006), shows that ORAP and FACT are not the only NGOs who chose to use abilility-based criteria and neglected the need-based criteria. They report that other selection criteria included availability of labor to fill the tank, availability of land to cultivate or garden, and potential beneficiaries who were proactive and showed interest in agriculture. The tendency to lean towards the ability-based criteria is in conformity with current thinking on targeting which asks, “should we target individual households or communities”. The challenge of targeting individual households, particularly the most vulnerable households is that more often than not, they have no capacity to take advantage of the availed technology which is intended to improve their circumstances through production. On the other hand community targeting helps to create supply within communities, and vulnerable groups tend to benefit directly or indirectly through accessing produce from relatives or other producers, being able to buy locally and/or being employed.
The ability-based criteria would also be recommended for areas where new technology is being introduced, as farming prowess is one of the qualities considered in the selection process.

3.2.1
Technical assistance and extension

In Gweru, about 90% of both the adopters and dis-adopters received formal training on the use of drip kits. The training ranged from 1 hour to 20 hours and was conducted only once, at the time they were issued the drip irrigation kits. In Bikita, 90% and 84% of adopters and dis-adopters respectively received formal training that also ranged from 1 to 20 hours. In Bikita district 56% and 31% of adopters and dis-adopters respectively received training of more than 20 hours. The frequency of the training ranged from once a year to four times a year in Bikita, with most farmers citing that it was once a year.

The training was offered by the NGO responsible for distributing (ORAP for Lower Gweru and FACT for Bikita) the drip irrigation kits in the respective districts with the assistance of AREX. The training was useful for both the adopters and dis-adopters (Table 3.6) and covered aspects on drip kit installation and maintenance, low input fertility, low cost crop protection, and basic record keeping. In Gweru district, farmer leaders got some intensive training so that they could in turn assist other beneficiaries whenever there were problems.  It was the lead farmers who trained other downstream farmers and who did most of the monitoring and evaluation of the drip kit irrigation program which included checking of kit usage, crops grown, production levels of farmers using drip kits, and problems encountered by farmers in using drip irrigation kits.

In Bikita there is a field co-ordinator who is stationed at the growth point and whose responsibility is to move around attending to beneficiaries’ problems on drip kits in the nutritional gardens. None of the AREX officers in either Gweru or Bikita districts whose wards received drip kits, had drip kits for demonstration at their homestead, which was one of LEAD’s requirements. The Bikita FACT coordinator had one that was mounted and working at his growth point homestead. There is not much “buy in” from AREX officers who seem not to have been consulted enough and almost view the program as an imposition by the concerned NGO (particularly in Gweru District).

Though the program was scheduled to run for 6 to 12 months, not giving room for sustained management of the program, both ORAP and FACT have continued to give technical support to the farmers who received drip kits even after the 12 months. This might be the reason for lower dis-adoption rates in both Bikita and Gweru districts compared to other districts like Chivi where the implementing agency disappeared soon after the disbursement of the drip irrigation kits.

Table 3.6: Usefulness of the training that was given to adopters and dis-adopters on drip irrigation management by the implementing agency in Gweru and Bikita districts

	
	Gweru
	Bikita
	Total

	
	Adopter
	Dis-adopter
	p-value
	adopter
	Dis-adopter
	p-value
	Adopter
	Dis-adopter
	p-value

	Very useful
	75.7
	82.1
	0.2266
	88.2
	63.0
	0.0107
	81.7
	73.6
	0.1685

	Useful
	24.3
	17.9
	0.4090
	11.8
	33.3
	0.2061
	18.3
	24.5
	0.3483

	Not useful
	0.0000
	0.0000
	0.5000
	0.0000
	3.7
	0.4247
	0.0000
	1.9
	0.4483

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	41
	31
	
	36
	27
	
	77
	58
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

3.3
Types of drip kits issued

ORAP, the implementing agency responsible for distributing drip irrigation kits in Gweru district, distributed three types of drip irrigation kits: Plastro, IDE and Netafin. Plastro, IDE and Netafin accounted for 21%, 32% and 47% of the drip kits that were distributed to the adopters in Lower Gweru respectively. The dis-adopters got 24%, 48 and 29% of Plastro, IDE and Netafin respectively (Table 3.7). The adopters in Lower Gweru got double the Netafim irrigation kits than the dis-adopters. FACT distributed one type of drip irrigation kit (Netafim) to both adopters and dis-adopters in Bikita. 

In Gweru District most of the adopters were issued with the Netafim drip irrigation kit (47%) whilst most of the dis-adopters were issued with IDE kits (47.7%). All the reasons given for dis-adoption of Plastro and IDE drip irrigation kits distributed in Gweru District have to do with other aspects of irrigation rather than the drip kit itself. Though most of the adopters were issued with the Netafim drip irrigation kit in Gweru district, twenty percent of them abandoned using it because of lack of spare parts. 

Table 3.7: Types of drip irrigation kits that were distributed to adopters and dis-adopters in Gweru and Bikita Districts

	
	Gweru District
	Bikita District
	Total

	
	Adopter

(%)
	Dis-

Adopter (%)
	*p-value
	Adopter

(%)
	Dis-adopter

(%)
	*-p-value
	Adopter

(%)
	Dis-adopter

(%)
	*-p-value

	Plastro
	20.6
	23.8
	0.4421
	0.0
	0.0
	0.5000
	11.1
	8.3
	0.4840

	IDE
	32.4
	47.7
	0.2388
	0.0
	0.0
	0.5000
	15.9
	22.9
	0.3156

	Netafim
	47.0
	28.6
	0.2148
	100
	100
	0.5000
	71.4
	68.8
	0.4207

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	34
	21
	
	29
	29
	
	63
	50
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

Fifty percent and 22% of the dis-adopters who were given Plastro and IDE cited ‘health problems’ as the reason why they discontinued using drip irrigation kits (Table 3.8). Of the three types of drip kits distributed in Gweru district, the IDE drip kit was the only one that was eaten by rodents (11.1%). It might have been to do with the quality of the kit, but tests carried out by Chigerwe (2003) demonstrate that IDE is one of the three drip kits that proved to be superior in the quality aspects and workmanship on all the components of the kit and it is also easy to clean if blocked (Rohrbach et al., 2006). No one in the two study districts was given a Forster, which is considered to be one of the most robust but the most labor intensive. Of those who were given IDE kits in this study, more beneficiaries dis-adopted it compared to adopters though it is considered to be easy to clean when blocked.

Table 3.8: Reason for discontinuing drip irrigation for different types of drip kits for non adopters in Lower Gweru for the different drip kits

	
	Plastro (%)
	IDE (%)
	Netafim (%)

	Lack of water
	25
	44
	60

	Labour shortages
	0
	0
	0

	Lack of inputs
	25
	0
	20

	Health problems
	50
	22.2
	0

	Drip kit eaten by rodents
	0
	11.1
	0

	Lack of spare parts
	0
	0
	20

	Old age
	0
	11.1
	0


3.4
Food security impact of drip kits

Assessment of the living standards over the last three years shows that 12% and 14% respectively of the adopters have had very great improvements in Gweru and Bikita districts due to the adoption of drip irrigation kits (Table 3.9). Only half of that figure has seen very great improvement for dis-adopters in both districts. Of the non-adopters, 11.4 and 3.1% have seen very great improvement for Gweru and Bikita districts respectively. Non-adopters had the biggest percentage of those who had remained the same in the two districts while 22% of adopters in Gweru district remained the same.  

Table 3.9: Assessment of the living standards over the last three years for adopters, dis-adopters and non-adopters in Gweru and Bikita Districts

	
	Gweru
	Bikita
	Total

	
	Adopter

(%)
	Dis-adopter

(%)
	Non-adopter

(%)
	Adopter

(%)
	Dis-adopter

(%)
	Non-adopter

(%)
	Adopter

(%)
	Dis-adopter

(%)
	Non-adopter

(%)

	Very great improvements
	12.2
	6.5
	11.4
	13.9
	3.1
	0.0
	12.0
	5.0
	7.0

	Some improvement
	39.0
	64.5
	22.9
	47.2
	40.6
	51.6
	44.0
	50.0
	38.0

	Remained the same
	22.0
	9.7
	31.4
	16.7
	12.5
	12.9
	18.7
	11.7
	22.5

	Worse
	26.8
	19.4
	34.3
	22.2
	43.8
	35.5
	25.3
	33.3
	32.7

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100

	
	41
	31
	35
	37
	32
	33
	78
	63
	68


Some of the adopters and dis-adopters did not have enough food before embarking on drip irrigation (Table 3.10). In Gweru District, 38.5% and 50% of the adopters and dis-adopters respectively did not have enough food before starting using drip irrigation, whilst the corresponding figures are 35.3% and 56% in Bikita District. Conversely, 61.5% and 64.7%, respectively, of adopters in Gweru and Bikita districts had sufficient food before the drip irrigation program began, while for dis-adopters, 50% and 48% respectively  were in this fortunate situation.

Table 3.10: Food status of adopters and dis-adopters before embarking on drip irrigation in Gweru and Bikita

	
	Lower Gweru District
	Bikita District
	Total

	
	Adopter
	Dis-

adopter
	*p-value
	Adopter
	Dis-adopter
	*-p-value
	Adopter
	Dis-adopter
	*-p-value

	Had enough 
	61.5
	50.0
	0.2482
	64.7
	44.0
	0.1230
	61.6
	48.1
	0.1357

	Did not have enough 
	38.5
	50.0
	0.2611
	35.3
	56.0
	0.1357
	38.4
	51.9
	0.1314

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	39
	28
	
	37
	25
	
	76
	53
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

Table 3.11: Changes brought in lives of adopters and dis-adopters by use of drip irrigation kits in Lower Gweru and Bikita Districts

	
	Lower Gweru District
	Bikita District
	Total

	
	Adopter
	Dis-

Adopter
	*p-value
	Adopter
	Dis-adopter
	*-p-value
	Adopter
	Dis-adopter
	*-p-value

	Have enough food
	83.4
	63.6
	0.1093
	48.0
	46.2
	0.4801
	70.9
	52.2
	0.0594

	Pay fees
	11.1
	22.7
	0.3264
	24.1
	38.5
	0.2611
	16.7
	32.6
	0.1635

	Can do other chores whilst its irrigating
	0.0
	4.5
	0.4168
	0.0
	0.0
	0.5000
	0.0
	2.2
	0.4404

	Bought livestock
	2.8
	4.5
	0.4721
	16.7
	3.8
	0.3707
	9.6
	4.3
	0.1357

	More crops area grown
	0
	4.5
	0.4168
	2.8
	0.0
	0.4364
	0.0
	2.2
	0.4404

	Can hire and pay casual labor
	2.4
	0.0
	0.4364
	2.8
	0.0
	0.4364
	0.0
	0
	0.5000

	No change
	0.0
	0.0
	0.5000
	2.8
	11.5
	0.3974
	1.4
	6.5
	0.4602

	Bought household items
	0.0
	0.0
	0.5000
	2.8
	0.0
	0.4364
	1.4
	0.0
	0.1210

	Started own business
	0.0
	0.0
	0.5000
	2.8
	0.0
	0.4364
	0.0
	0.0
	0.5000

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	36
	22
	
	36
	26
	
	72
	48
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

Eighty three percent of the adopters now have enough food since adoption of drip irrigation in Gweru District, while the figure is only 48% in Bikita (Table 3.11).  However, dis-adopters show improvement as well in Gweru to 63.6%; in Bikita District, a nearly equal number of dis-adopters (46.2%) have sufficient food as adopters.  For the total sample, while 70.9% of adopters now have sufficient food and only 52.2% of dis-adopters are so well off, these are not large differences from the previous period, and the differences are not statistically significant. Normally fees are a big problem in rural areas and parents end up selling their livestock to raise fees. More dis-adopters (23% and 39% in Gweru and Bikita respectively) than adopters (11% and 24% in Gweru and Bikita respectively) can now pay fees in both districts. In Bikita nearly 17% of adopters bought livestock from gardening proceeds whilst the figure is 2.8% for Gweru District.  Overall, there are no statistically significant differences in well-being between adopters and non-adopters.

3.5
Cost and benefits of drip kits

The main question that stimulated this research was to determine whether the objective of LEAD/USAID was met  (that of alleviating poverty of the poorest of the poor).  It is also important to ask whether the size of the drip kit garden (100 m2) is big enough to achieve this objective of alleviating food shortages. This would require comparing proceeds from adopters and non-adopters. 

Besides use of the drip kit or use of the watering bucket, there are other variables such as fertilizer and pesticides that affect productivity. Use of such inputs is determined by the socio-economic status of the different farmers, which has a bearing on the affordability of inputs. One of LEAD target group is the poor and vulnerable so it is likely that they cannot afford such inputs. 

Three zeros were removed from Zimbabwean currency in July 2006 and this confused a number of farmers as to the amount of money they paid for their inputs and what they in turn charged for their products. For example, an item that was costing Z$1 000 000 (one million dollars) on the 31st of July 2006 cost Z$ 1,000 on the 1st of August 2006.  Farmers therefore did not remember whether it was the old denominations or new when they were asked what they paid for their inputs or charged for their products.

3.5.1
Net income

One of the objectives of this study is to compare benefits accruing from use of drip kit irrigation over use of buckets in gardens; hence the Net Farm Income (NFI) was not used and instead the Net Garden Income (NGI) was used. Production from dryland agriculture was not included because it would distort the analysis. Gweru non-adopters had on average 14 times bigger garden sizes than their adopter counterparts while the Bikita non-adopters had on average twice the garden sizes compared to their adopter counterparts (Table 3.12). The garden sizes for adopters are on average more than 0.014 ha because some of them do not have fixed 10 x 10 plots but they shift the laterals two or three times resulting in a bigger area.  Adopters had significantly lower NGI than non-adopters in Gweru, possibly because of the huge differences in garden size. However, adopters’ productivity was higher than non-adopters’, given that the land area of non-adopters was 14 times more than adopters - yet NGI for non-adopters was only two and a half times that of adopters. Calculated on a per hectare basis, adopters had more (though not significantly) income than the non-adopters; this can be attributed to more care taken on a smaller plot. Adopters had significantly more NGI than non-adopters in Bikita; perhaps this can be attributed to efficient utilization of water using the drip kits. Overall on a per hectare basis, adopters had about fourfold more income than non-adopters (signficant at 0.1 level). An analysis to determine whether land size has an effect on income shows that land size does not have an effect on income.

Table 3.12: Mean net garden incomes of irrigation drip adopters and non-adopters in Gweru and Bikita Districts

	
	Gweru
	Bikita
	Total

	
	Adopters
	Non-adopters
	Adopters
	Non-adopters
	Adopters
	Non-adopters

	Land area (ha)
	0.015
	0.218***
	0.026
	0.05
	0.021
	0.144***

	Mean NGI $ and (US$)
	918 666

(31)
	2 316 771*

(77)
	2 369 530**

(79)
	321 950

(11)
	1 722 222

(57)
	1 458 496

(49)

	Mean NGI/ha    $ and (US$)
	58 470 581

(1949)
	46 470 581

(1549)
	186 721 491

(6224)
	16 717 386

(557)
	129 501 854*

(4317)
	33 455 487

(1115)

	t-land area
	-2.92
	-1.62
	-3.07

	t-NGI
	-1.57
	2.07
	0.90

	t-NGI / ha
	0.33
	1.65
	3.23


*** = significant at 0.01; ** = significant at 0.05; *= significant at 0.1

An average parallel market exchange rate for 2005 and 2006 of US$1= Z$30 000 has been used.

Bikita had more NGI than Lower Gweru because of the different selection criteria used in the two districts. Two of the selection criteria in Bikita were the farmer’s ability and availability of water, compared to Lower Gweru where the criteria were based on membership in the Vukuzenzele District Association. Distribution  was also politically motivated, particularly for the dry wards of Sikombingo and Bafana where farmers just wanted equitable distribution in the district, disregarding the availability of water resources. These two wards do not have adequate water resources, hence their poor productivity from the distributed drip irrigation kits.

3.6
Income generation from dryland agriculture and irrigated gardens

Income from dryland agriculture is similar for both adopters and non-adopters in the two districts (Figure 3.13); dryland is contributing more income than garden irrigation for both adopters and non-adopters. Dryland agriculture has 11.5 times and 4.5 times income respectively for adopters and non-adopters in Gweru District. For Bikita District, dryland agriculture contributed 3.9 and 25.6 times more income for adopters and non-adopters respectively. Research carried out in Chvi shows that dryland agriculture contributes about 5 times more income than gardening in the smallholder sector (Mugabe, 2006).

3.13: Comparison of income generation from dryland agriculture and irrigated gardens

	District
	
	Adopters
	Non-adopters

	Gweru
	Dryland
	Z$10 939 267
	Z$11 378 976

	
	Irrigated
	Z$918 666
	Z$2 316 771

	
	
	(11.5)
	(4.7)

	Bikita
	Dryland
	Z$9 093 968
	Z$8 168 997

	
	Irrigated
	Z$2 369 530
	Z$321 950

	
	
	(3.9)
	(25.6)

	Total
	Dryland
	Z$10 029 256
	Z$9 839 945

	
	Irrigated
	Z$1 563 338
	Z$1 348 825


3.7
Well-being measurements and analysis

There is no trend in the headcount index of adopters, non-adopters and dis-adopters for either Gweru or Bikita districts. Dis-adopters had the most serious poverty level in Gweru district, whilst the poverty levels for adopters and non-adopters were similar for Bikita District. 

The poverty gap index is used to determine how far off a household is from the consumption poverty line (Mangisoni, 2006). This measure estimates the average aggregate consumption shortfall in the population in relation to the threshold or poverty line. The computation of this measure assumes that the non-poor have a consumption shortfall equivalent to zero. For this reason, only the consumption shortfalls of the poor are aggregated and divided by the poverty line to estimate the index. This index measures the total amount of resources required to allow the poor to reach the threshold consumption. The poverty gap is the same for adopters and non-adopters in Gweru district (Table 3.14). Three times as much resources would be required to bring the adopters and dis-adopters to the threshold consumption level compared to non-adopters in Gweru district. As in Gweru district the poverty gap is also almost the same for adopters and dis-adopters in Bikita. Non-adopters have surplus food in Bikita. 

Table 3.14: Poverty index by type of farmer in Gweru and Bikita Districts

	District
	Type of farmer
	Head count
	Poverty gap
	Poverty severity

	Gweru
	Adopters
	42.9
	19.8
	23.8

	
	Dis-adopters
	51.6
	19.4
	8.8

	
	Non-adopters
	35.1
	6.6
	9.7

	Bikita
	Adopters
	51.7
	12.4
	11.9

	
	Dis-adopters
	43.3
	13.4
	4.9

	
	Non-adopters
	51.4
	-5.7
	7.0


The poverty severity index complements the other measures because it furnishes more information on the extent of inequality among the poor themselves. This measure does this by putting more weight on the households further from the poverty line. This measure is best used to assess poverty in concert with the poverty gap index and the head count index. This is important because a low poverty incidence may be associated with a huge poverty gap or a high poverty severity index. Though the poverty gap is the same for adopters and non-adopters in Gweru and Bikita Districts, the poverty severity index for adopters is about three times higher than that for dis-adopters in both districts. The inconsistency may be because the contribution of gardening to household income is very low in all the cases (Table 3.13).

3.8
Constraints in the use of drip kits

Thirty percent and 41% of adopters and dis-adopters, respectively, agreed that there were instances where drip irrigation activities did not pay dividends in Gweru district. In Bikita, the number of dis-adopters who felt that there were such instances where drip irrigation did not pay dividends was 2.5 times higher than the adopters.

Of those who said drip irrigation did not pay dividends, 40% and 45.5% of adopters and dis-adopters respectively in Gweru cited that it is because of drought, whilst 45.5% of adopters and 66.7% of dis-adopters in Bikita also attributed it to drought (Table 3.15). Drought in this case is likely to be synonymous to shortages of water resources because hydrological droughts occur when both surface and ground water resources are limited. Crop failure is one of the factors that led to farmers not getting dividends and is most likely to be due of drought. Bikita is in Natural Region IV with low and erratic rainfall, hence there were more dis-adopters who gave up using their drip kits because of shortages of water resources.

Irrigation design is one aspect where both adopters and dis-adopters had problems. Of adopters and dis-adopters 73.2% and 38.7%, respectively, did not have any problems at all, while 51.6% of disadopters had problems in Gweru District. In Bikita, 37.8% and 54.2%, respectively, of the adopters and dis-adopters had problems with the design and operation of drip kits.  The higher number of dis-adopters who had problems in the design and implementation of drip kits is an indication of problems with their design.

Table 3.15: Reasons why drip irrigation did not pay dividends in Lower Gweru and Bikita Districts

	
	Lower Gweru District
	Bikita District
	Total

	
	Adopter
	Dis-

adopter
	*p-value
	Adopter
	Dis-adopter
	*-p-value
	Adopter
	Dis-adopter
	*-p-value

	Crop failure
	40
	54.5
	0.3783
	27.3
	22.2
	0.3156
	33.3
	38.9
	0.3372

	Drought
	40
	45.5
	0.3821
	45.4
	66.7
	0.1587
	42.9
	55.6
	0.2743

	Broken parts
	10
	0
	0.3821
	9.1
	0
	0.1469
	9.5
	0
	0.3228

	Drip capacity too small
	10
	0
	0.3821
	9.1
	0
	0.1468
	9.5
	0
	0.3228

	Hyperinflation
	0
	0
	0.5000
	9.1
	0
	0.1468
	4.8
	0
	0.4207

	Lack of knowledge
	0
	0
	0.5000
	0
	11.1
	0.3821
	0
	5.6
	0.4090

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	10
	11
	
	11
	9
	
	21
	20
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

The seven cited problems in the design and implementation of drip irrigation were clogging, servicing, breakdowns, drip irrigation covers small area, drip kit drum too small, and labor intensive. 

Clogging is the most commonly cited problem in both districts and is higher in Lower Gweru than Bikita (Table 3.16). The most serious disappointment with drip irrigation has been clogging for both adopters (44%) and dis-adopters (40%), respectively, in Gweru District. The respondents who cited clogging are 53.3%and 61.5%, respectively, for adopters and disadopters in Bikita district.  This might be because they did not get enough training on the cleaning and flushing of the drip kit line, resulting in emitter clogging. The second most cited reason was breakdown, cited more by adopters than dis-adopters in both Lower Gweru and Bikita. The third most common problem, that was related to breakdown, is servicing, which was cited by 33.3% of the dis-adopters in Lower Gweru and 20% of adopters in Bikita. 

Gweru and Bikita district adopters did not see labor as a problem in the operation of drip kits. However, 13.4% and 15.4% of dis-adopters in Gweru and Bikita Districts reported that labor is a problem in the operation of drip kits, possibly because of poor health associated with old age. The filling of the drum of the dip kits is perceived as laborious and strenuous especially for the elderly. Mashingaidze (2006) observed that old and ill beneficiaries of drip kits complained that they required assistance from able-bodied people to pour water into the drums. However, the labor required to service drip kits is only 134 hours (from setting up to harvest) compared to the 154.5 hours for bucket irrigation (Rohrbach et al., 2006).

The study by Chigerwe (2003) indicates that there are some drip kits (like Forster) which are not vulnerable to clogging and these should be targeted for distribution in the future. Initially we had wanted to undertake the study in Chiredzi District but we were discouraged by the implementing agency (FACT) because of high dis-adoption rates that are related to clogging due to the salty nature of the water resources. Salts accumulate in such hot areas and require leaching of the accumulated salts.

Availability of spare parts (34.1% of adopters and 45.2% of disadopters) was mentioned as a major factor contributing to success or failure of the drip kits. Mashingaidze (2006)  and Moyo et al. (2006) observed that drip kit irrigation spares needed to be available in areas where drip kits were distributed and should be almost country-wide since the kits were distributed in 53 of the 58 districts in Zimbabwe.

Table 3.16: Problems cited by adopters and non-adopters in the design or implementation of drip irrigation activities in Gweru and Bikita District

	
	Gweru District
	Bikita District
	Total

	
	Adopter

(%)
	Dis-

Adopter (%)
	*p-value
	Adopter

(%)
	Dis-adopter

(%)
	*-p-value
	Adopter

(%)
	Dis-adopter

(%)
	*-p-value

	Servicing
	0
	33.3
	0.0559
	20
	7.7
	0.4129
	12.5
	23.1
	0.3300

	Breakdown
	22.2
	6.7
	0.3669
	26.7
	15.4
	0.3520
	25.0
	11.5
	0.3050

	Clogging
	44.4
	40.0
	0.4443
	53.3
	61.5
	0.3707
	50.0
	50.0
	0.5000

	Covers small hecterage
	11.1
	6.7
	0.4761
	0
	0
	0.5000
	4.2
	3.8
	0.4920

	Drip kit bucket too small
	11.1
	0
	0.3594
	0
	0
	0.5000
	4.2
	0.0
	0.1977

	Labor
	0
	13.3
	0.2912
	0
	15.4
	0.2776
	0.0
	11.5
	0.2776

	Sharing
	11.1
	0
	0.3594
	0
	0
	0.5000
	4.2
	0.0
	0.1977

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	9
	15
	
	15
	13
	
	24
	28
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

Seventy percent of adopters said they can support their activities even in the absence of external support while only 48% of dis-adopters said they could do this. Ninety percent and 84% respectively for adopters and dis-adopters agreed that they need extra inputs for drip irrigation to work; these are mostly seeds and fertilizers (28%). The ORAP model shows that seeds were supplied in the first instance and farmers were informed that at some point they would be expected to procure seeds on their own. However, a couple of years down the line, farmers continue to give inability to access seeds as one of the reasons why they discontinued using drip kits.  Agricultural inputs are unavailable in most cases in Zimbabwe and very expensive when they are available because of the hyperinflationary situation. 
Several reasons were given for stopping using drip irrigation: lack of water was the most commonly cited reason for discontinuation in both Lower Gweru (45.2%) and Bikita (53.6%) (Table 3.17). Water is critical in drip kit irrigation in that there is no irrigation without water. Water sources in rural areas are limited, especially in the dry areas given that smallholder farmers depend on shallow ground water and surface water resources. Shallow ground water resources are mostly temporal and limited to periods after the wet season since they are based on perched water table. Surface water resources from small dams and rivers is also limited since about 93% of such resources are lost unproductively through surface evaporation (Mugabe et al,. 2003). 

A drier and wetter region were chosen in this study but it is noted that some wards of Gweru district, Natural Region III, has more unreliable water resources compared to Bikita (Natural Region IV) because of the numerous springs from the mountains and surface water resources. 

Health problems and lack of inputs were the second and third problems cited in both districts for stopping drip irrigation. Health problems were more in Lower Gweru than in Bikita because of the selection criteria: in Bikita, one had to be able-bodied in order to benefit from the drip kit program. This was not a criterion in Gweru District where the health problems are possibly a result of old age.

Eighteen percent and 26.1% of the adopters and dis-adopters respectively agreed that hyperinflation is one of the problems faced in purchasing spare parts; 77.8% and 65.2% of adopters and dis-adopters agreed that non-availability of spare parts was a problem. The hyperinflation situation is very bad in Zimbabwe, having increased from 15% in 1990 to about 7900% in October 2007. This has resulted in most people, especially those in rural areas, not being able to afford inputs.

Table 3.17: Reasons for stopping drip irrigation for dis-adopters in Gweru and Bikita Districts

	
	Gweru
	Bikita
	Total

	Reason
	Dis-adopters

(%)
	Dis-adopters

(%)
	Dis-adopter

(%)

	Lack of water
	45.2
	53.6
	52.8

	Health problems
	13.0
	7.1
	9.4

	Lack of inputs
	12.9
	7.1
	11.3

	Labor shortage
	3.2
	7.1
	5.7

	Lack of spare parts
	3.2
	3.6
	3.8

	Drip kits eaten by rodents
	3.2
	3.6
	3.8

	Breakdown
	3.2
	3.6
	3.8

	Old age
	3.2
	3.6
	1.9

	Clogging
	0
	3.6
	1.9

	Cannot lay the equipment
	0
	3.6
	1.9

	Impure water
	0
	3.6
	1.9

	Conflict of land
	
	3.6
	1.9

	Total
	
	
	

	N
	35
	28
	63


Five reasons were given as factors affecting the operation of drip kits, but about 50% of both adopters and dis-adopters cited availability of water as the major factor (Table 3.18).  Clogging was also cited as the second factor affecting the operation of drip irrigation.

The two most frequently-cited comparisons between drip and bucket irrigation is that drip kit irrigation saves both labor and water and that the irrigator does not have to be there when the irrigation is taking place. The percentage of respondents who think that drip saves water is the same for both the adopters and dis-adopters in Gweru district. In Bikita District a higher percentage of adopters (32%) than dis-adopters (22%) think that drip saves water (Table 3.19). With drip you can fill the tank and leave it to slowly drip and percolate into the soil. However, some respondents thought that the bucket waters a larger area than the drip irrigation system.  

Table 3.18: Factors affecting the operation of drip irrigation by adopters and dis-adopters in Gweru and Bikita Districts

	
	Gweru
	Bikita
	Total

	
	Adopters

(%)
	Dis-adopters

(%)
	p-value
	Adopters

(%)
	Dis-adopters

(%)
	p-value
	Adopters

(%)
	Dis-adopters

(%)
	P-value

	Availability of inputs
	5.4
	7.4
	0.4681
	0.0
	6.0
	0.3372
	3.0
	6.0
	0.4840

	Availability of water
	48.6
	51.9
	0.4286
	58.6
	52.0
	0.3594
	53.0
	52.0
	0.4681

	Availability of loans
	13.5
	0.0
	0.1894
	3.4
	2.0
	0.4840
	9.1
	0.0
	0.2119

	Availability of labor
	10.8
	7.4
	0.4404
	6.9
	0.0
	0.3520
	9.1
	6.0
	0.4207

	Performance of drip kit/clogging
	21.6
	33.3
	0.4443
	31.0
	36.0
	0.4013
	25.8
	36.0
	0.2358

	Total
	100
	100
	
	100
	100
	
	100
	100
	

	N
	37
	27
	
	29
	25
	
	66
	52
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003).
It was interesting to note that though the dis-adopters were no longer using drip irrigation kits, more of them think that drip saves labor than adopters in both Districts. Fifty two percent and 65% of dis-adopters think that drip saves labour. 

Table 3.19: Comparison of use of drip irrigation and bucket irrigation by adopters and dis-adopters in Gweru and Bikita Districts. 

	
	Gweru District
	Bikita District
	Total

	
	Adopter

(%)
	Dis-

Adopter

(%)
	*p-value
	Adopter

(%)
	Dis-adopter

(%)
	*-p-value
	Adopter

(%)
	Dis-adopter

(%)
	*-p-value

	Drip saves water
	35.3
	34.5
	0.4840
	32.4
	21.7
	0.3336
	30.9
	34.0
	0.4013

	Drip saves labor
	41.3
	51.8
	0.2912
	32.3
	65.2
	0.1867
	39.7
	56.0
	0.1075

	Drip less frequent
	8.8
	6.9
	0.4681
	26.5
	13.1
	0.3156
	14.7
	8.0
	0.4721

	Bucket waters larger area
	5.8
	3.4
	0.4641
	8.8
	0.0
	0.2912
	14.7
	2.0
	0.3594

	Bucket less frequent
	8.8
	0.0
	0.2912
	0.0
	0.0
	0.5000
	0.0
	0.0
	0.5000

	Drip too slow for big area
	0.0
	3.4
	0.4247
	0.0
	0.0
	0.5000
	0.0
	0.0
	0.5000

	Total
	
	
	
	
	
	
	
	
	

	N
	34
	29
	
	34
	23
	
	68
	52
	


*If p-value is less than 1%, reject the null hypothesis (Edriss, 2003)

4.0
CONCLUSIONS AND RECOMMENDATIONS

The objectives of this study were to assess the impact and outcome of the drip irrigation program that was implemented by LEAD, financed by USAID/OFDA, through a number of implementing agencies in 53 districts of Zimbabwe, and to understand the main factors underlying success or lack thereof, of drip irrigation kits in order to derive lessons for designing future programs of this nature.

Use of drip kit irrigation technology has received growing interest in Zimbabwe as a way of mitigating food shortages due to droughts. More than 70,000 low head drip irrigation kits have been distributed to smallholder farmers as a means of improving food security and nutrition and where possible increase their incomes in Zimbabwe since 2002. USAID/OFDA through LEAD initiated a drip kit irrigation program that was supposed to distribute 20,000 drip kits to food insecure households over 12 months beginning June 2003. The drip kits were distributed in 53 of the 58 districts in Zimbabwe. The eight types of drip kits distributed are Netarfim, Plastro (Ronfleur), Plastro (Water Wise), EIN-TAL, IDE, Automated (smaller diameter), Automated (large diameter) and Forster

Gweru and Bikita districts were chosen for the study out of the 53 districts where the drip kit program was implemented. Gweru is in Agro-ecological Region III with an average annul rainfall of 852 mm, while Bikita is in Agro-ecological Region IV with an average annual rainfall of 750 mm. The implementing agencies were ORAP in Gweru and FACT in Bikita District. The criteria for selecting beneficiaries were different between these two NGOs. In the case of ORAP one had to be a member of its association, called Vukuzenzele, while FACT’s selection criteria were that one had to be able bodied, have a reliable source of water and be good farmers.  The FACT case leaned towards the ability-based criteria and neglected the need-based crietera where beneficiaries should be food insecure and elderly or infected/affected by HIV/AIDS. 

There are two contrasting extension systems in the two study areas. ORAP is practicing a typical farmer-to-farmer training with little involvement of the implementing agency and government extension services. For FACT, extension was carried out by a co-coordinator based at the growth point in Bikita. There was evidence of follow up by counterpart farmers who were trained by ORAP in Gweru, especially in Nyama District. The two implementing agencies (ORAP and FACT) had a good follow up program unlike some cases where the drip kits have been dumped on the farmer with no follow up. We had chosen Chivi for the second site after Gweru District but we learnt from AREX officers that most beneficiaries had dis-adopted because of poor follow up by the implementing agency and also unreliable water resources. As for any new technology, extension is very important if adoption is to improve. For example, cotton was introduced to very few lead/innovative farmers in Mashonaland West during the 1970s. A comprehensive package, which included training, extension, infrastructure development and marketing, was put into place to facilitate development and adoption of the crop. Today cotton is widely grown in Gokwe and Sanyati districts and is spreading to new territories where a few years ago it was unimaginable that cotton would be grown there.
Given the collapse of the government extension service, we recommend the adoption of well thought out and developed farmer-to-farmer extension approaches for the success of future programmes of this nature. Building local capacity to carryout training and extension should be incorporated into development programmes as part of viable exit strategies.

Net Garden Incomes (NGI) for adopters were higher in Bikita than in Gweru which is attributed to more reliable water resources in Bikita. Non-adopters had more NGI than adopters in Gweru while adopters had more NGI than non-adopters in Bikita. However, calculated on per hectare basis, adopters had more NGI than non-adopters in both Districts. This demonstrates that use of drip irrigation can bring more income than using buckets for irrigated vegetables. 

The contribution of dryland agriculture to the net income of the farmers was about 11 times greater than drip irrigation gardening in Gweru District while it was only four times more in Bikita district. This contribution was 5 times and 25 times respectively in Gweru District and Bikita District for non-adopters. The contribution of drip irrigation to the well-being measurements was not much; very little insight could be gained from such well-being measurements in either districts. This could possibly be because of the low contribution of drip irrigation gardening to the well-being of the adopters and also the small size of the gardens.

Successful adoption is determined by availability of water and other inputs.  Availability of water is a very import aspect in the choice of beneficiaries. Sikombingo and Bafana wards in Gweru district had a lot of dis-adopters because the wards are generally drier. Availability of water should be the most important criteria in deciding on who should receive a drip kit. FACT had this criterion and this resulted in fewer dis-adopters in Bikita compared to Gweru where they did not have such a selection criterion. Most respondents pointed out drought as the major factor attributing to drip irrigation not paying dividends. 

Inputs availability is a major problem in Zimbabwe in that they are not available and whenever available they are sold at unaffordable prices. Drip kits supply to farmers should include supply of inputs or making inputs available at affordable prices. LEAD’s objective was also to supply some inputs in terms of seed of nutritious vegetables like onions, carrots and cabbage. However, such seeds were not supplied in Gweru and Bikita District.  Seeds are not the only inputs, farmers would also require pesticides and fertilizers that were not supplied by the program. 
We recommend that programmes of this nature be coupled with nutritional programmes so as to ensure that vulnerable groups, particularly the sick, derive maximum benefits from them. We also recommend that local markets be developed to enable rural traders to stock foreign crop seeds once they have been introduced as part of local cropping programmes.

The study might have picked up post-lifespan reasons for dis-adoption because the lifespan of most of the drip kit types is three years. The study was conducted four years after the farmers were given the drip kits – maybe the problems cited were associated with ageing of the drip kit irrigation systems.

Some beneficiaries complained that the area covered by drip kits is too small, hence all the farmers who were interviewed had other garden portions where they were using a bucket for irrigation. This negates the benefit of saving labor by using drip irrigation because they still have to attend to those portions where they are using the bucket system.  The average garden sizes for non-adopters was 0.22 ha and 0.05 ha in Gweru and Bikita Districts respectively. We recommend that the area that is irrigated by drip should be similar to the average garden size (that are irrigated using buckets in that area) so that beneficiaries will not have other portions where they do not use drip. A bigger tank and longer drip lines should accompany such a move. 

Some farmers in Gweru District had both the drip kit and a treadle pump that resulted in their doing better than those who were supplied with the drip kit alone.  The treadle pumps were supplied by World Vision which was not responsible for supplying them with the drip kits.

We also recommend that competitions and prizes for best farmers and improved beneficiaries be considered as a good incentive in such a program. Poor performers should be encouraged and as much as possible should not be exposed to be the community’s laughing stock, particularly repossession of equipment.
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