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Abstract 
A study was conducted in Malawi to compare the performance of improved agricultural water ma- 
nagement interventions with traditional water management practices to assess the impact of the 
interventions on crop yield and water use productivity. The study used questionnaires and fo-
cused group discussions to collect data from farmers and key informants. The results showed sig-
nificant gains in crop yield, farmer income, and water use productivity using the regulated surface 
irrigation compared with unregulated surface irrigation. Treadle pump irrigation increased crop 
production by 5% - 54% compared with water can irrigation. Treadle pumps also increased gross 
and net incomes by >12% suggesting that farmers using the treadle pump were able to realize 
higher incomes across all crop enterprises compared with farmers using water cans. However, there 
is a dire need to improve the efficiency of the surface irrigation systems for rice production be-
cause the water applied was about 2 to 3 times the gross irrigation requirement (~10,780 m3·ha−1) 
which could result in environmental degradation through increased salinity and water logging. 
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1. Introduction 
Agricultural water management has gained enormous attention in the developing world to alleviate poverty, re-
duce hunger and conserve ecosystems in small-scale production systems of resource-poor farmers [1]-[3]. Inter-
ventions range from use of small-scale micro-irrigation systems [4]-[7], gravity-fed and pump-based surface ir-
rigation systems [8] [9], water cans/buckets [9] [10] and rainwater harvesting [6] [11]-[17]. 

Thus, the Malawi Government, with support from several funding agencies, has scaled-up efforts in increas-
ing access and use of improved water management and irrigation practices to increase food production. The 
agricultural water management practices/technologies being promoted have largely been gravity-fed surface ir-
rigation systems and treadle pumps in areas with suitable terrain, ample water supply and good soil characteris-
tics. The small-scale gravity-fed surface irrigation systems are large schemes (ranging from 10 to 1000 ha in size) 
that draw water from perennial rivers into small plots (~0.1 - 0.2 ha) of individual farmers. 

The treadle pump is a simple, low-cost pump that is now available in Malawi. The treadle pump was being 
promoted for adoption by smallholder farmers owing to its simplicity. Much of the repair and maintenance are 
done by farmers themselves or by a village pump contractor using locally available materials [18]. The treadle 
pump is ideal for small areas (up to 0.4 ha) which suits well with the landholding size of Malawi [19]-[22]. The 
treadle pump is appropriate where there are low pumping heads (<7 m) and short distance to the water source 
(<200 m). Impediments to their rapid adoption include complex labour demand and lack of ready markets for 
agricultural produce [23]-[25]. The irrigation methods commonly used with treadle pumps in Malawi are basin 
and furrow irrigation [22]. 

However, poorly documented informal irrigation systems such as streambank gardens (locally called dimbas) 
[26] and water cans [22] are also in use among small-scale farmers in many parts of Malawi. Despite the inter-
ventions in agricultural water management in Malawi, only about 14% - 20% of the potential irrigable land, es-
timated to be ~0.5 million ha, is under formal irrigation [25] [27]. The information regarding the performance of 
improved water management technologies vs. traditional practices is lacking for making economically and en-
vironmentally sound policy decisions. Researchers [28] proposed the irrigation efficiency and profit maximiza-
tion as key indicators for assessing the performance of water management systems. Placing emphasis on in-
creasing water-use efficiency in small-scale irrigation systems [29] would reduce competing water uses between 
upstream vs. downstream water users [30], and agricultural vs. domestic water consumption [2] [8]. 

The case study aimed to 1) compare the crop performance, water use productivity and net incomes of regu-
lated surface irrigation (RSI) with unregulated surface irrigation (USI); and 2) determine the effect of treadle 
pumps on crop production, labour use, water use productivity and incomes among small-scale farmers. The 
findings are critical for improving interventions and investments in agricultural water management and for sus-
taining environmental quality in developing countries. 

2. Materials and Methods 
2.1. Site Characteristics 
The studies were conducted in March through August 2007 at the two sites: Domasi and Tembwe Extension 
Planning Areas in southern and central Malawi, representing sites for gravity fed surface irrigation and treadle 
pump surface irrigation, respectively (Table 1). The sites were chosen because the Malawi Government, with 
support from funding agencies, chose these sites for ~3 year interventions in irrigation and agricultural devel-
opment. 

2.2. Estimation of Water Use and Irrigation Rates 
The average crop water consumptive use (ETc in·mm·d−1) was computed by the FAO CROPWAT on daily basis 
[31] using the climatic data from Chileka International Airport (Table 2) due to lack of weather stations from 
the study sites. 

Using the same CROPWAT programme, we estimated what should have been appropriate net irrigation, gross 
irrigation and seasonal irrigation requirement for the two sites (Table 3). 

Irrigation efficiency and water use productivity were also estimated according to [32]. The expression for es-
timating irrigation efficiency is given as: 

IE = ETc/WA                                      (1) 
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Table 1. Site characteristics of the two study sites of Malawi. 

District 1EPA Latitude/ 
Longitude 

Altitude  
(2masl) 

Annual  
rainfall  
(mm) 

Soil  
order 

Soil  
texture 

Number of  
farmers 

Area for 
irrigated 

production (ha) 
Crops Technology 

Machinga Domasi 15˚19'S/ 
35˚24'E 800 900 Latosol Clay loam 1556 500 Rice, maize,  

wheat 
Gravity surface 

irrigation 

Mchinji Tembwe 13˚47'S/ 
32˚58'E 1100 1200 Latosol Clay loam 350 120 Bean, maize,  

cabbage, onion 

Surface irrigation  
by treadle pump  

and overhead  
irrigation using 

water can 
1Extension planning area; 2Masl-metres above sea level. 
 
Table 2. Average climatic characteristics of Malawi (sourced from Chileka International Airport). 

Month Minimum temperature Maximum temperature Humidity Wind Sunshine Radiation 1ETo 

 ˚C ˚C % km·d−1 h MJ m−²·d−1 mm·d−1 

January 20.1 28.4 79 233 6 19.9 4.41 

February 19.9 28.3 80 233 6.1 19.7 4.30 

March 19.3 27.8 78 259 6.1 18.6 4.17 

April 17.9 27.2 75 285 7.4 18.6 4.17 

May 15.6 25.9 69 294 7.5 16.6 3.94 

June 13.6 24.1 66 294 6.7 14.6 3.57 

July 13.3 23.9 64 302 6.9 15.3 3.72 

August 14.5 26.1 50 328 7.4 17.7 5.10 

September 17.1 29.2 52 354 7.7 20.2 6.04 

October 19.5 31.3 53 346 8.1 22.3 6.72 

November 20.3 30.7 61 302 7.1 21.4 5.97 

December 20.2 29.2 75 268 6.1 20.0 4.78 

Average 17.6 27.7 67 292 6.9 18.7 4.74 
1ETo—Reference evapotranspiration. 
 
Table 3. Crop growth development stages used to estimate net irrigation, gross irrigation and water use using CROPWAT 
8.0 basing on climatic data from Chileka weather station. 

Crop Length of growing season 

 Initial stage Development stage Mid-season stage Late season stage Total days 

Cabbage 35 45 40 15 135 

Onion 25 30 40 15 110 

Beans 20 30 40 20 110 

Wheat 15 30 65 40 150 

Maize 30 40 60 10 140 

Rice 30 30 60 30 150 

 Crop coefficient (Kc) by stage Crop height (m) 

Cabbage 0.70 1.05 1.05 0.95 0.40 

Onion 0.70 1.00 1.05 0.75 0.30 

Beans 0.50 1.05 1.05 0.90 0.40 

Wheat 0.30 1.15 1.15 0.40 1.00 

Maize 0.70 1.15 1.15 1.05 1.50 

Rice 1.05 1.20 1.20 0.90 1.00 
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where IE = irrigation efficiency (m3·m−3), ETc = crop evapotranspiration (m3), WA = water applied (m3) 

WUP = Y/ETc                                      (2) 

where WUP = water use productivity (kg·m−3), Y = yield (kg·ha−1), ETc = crop evapotranspiration (m3), WA = 
water applied (m3) 

Net irrigation was calculated for clay loam soil using an approximate irrigation schedule in CROPWAT 8.0 
and an appropriate gross irrigation requirement was estimated assuming 70% irrigation efficiency as: 

GIRR = NIRR/IE                                    (3) 

where GIRR = gross irrigation (m3), NIRR = net irrigation (m3) and IE = irrigation efficiency expressed as a 
fraction. 

2.3. Sampling Design 
2.3.1. Site 1: The Domasi Irrigation Scheme 
In this study, field data collection involved questionnaire interviews with household heads and focused group 
discussions. A total of 60 households were interviewed in questionnaire surveys. This sample was divided into 
two categories. The first group of 30 were farmers using well-controlled border and furrow surface irrigation at 
Domasi Irrigation Scheme. The latter half constituted farmers cultivating streambanks and relying on seepage 
and water from nearby streams, albeit, without proper water diversion channels as their counterparts in the 
scheme. Quantitative and socio-economic data were obtained from observations through questionnaire inter-
views with the smallholder farmers and data provided by extension staff. The types of data collected included: 
crop yields, costs of labour and inputs, rainfall and farm gate prices of major crops. Other quantitative data such 
as irrigation scheduling and duration (to estimate water volumes) and socio-economic indicators were obtained 
from agricultural extension development coordinators and other key informants. The data on gross revenue and 
prices had been converted into US dollar ($) equivalent based on the prevailing exchange rate at the time of the 
study ($1.00 = MWK140.90). 

2.3.2. Site 2: The Mchinji Site 
A total of 60 households were interviewed at Tembwe Extension Planning Area. This sample was also divided 
into two: a group of 30 farmers who used treadle pumps for irrigation and the other 30 who used the traditional 
water can irrigation technology. The two groups provided comparative data used to indicate the added value of 
the treadle pumps to smallholder irrigated agriculture. Supplementary information was obtained from agricultur-
al extension development coordinators and other local leaders. Data collected included: crop yields (kg·ha−1), 
number of irrigations and irrigation durations to estimate amount of water applied for two technologies, labour 
and input costs ($), farm gate prices ($·kg−1). All costs and yields were estimated per ha to quantify the benefits 
of the technology to the farmer. 

2.4. Data Analysis 
The field data were analyzed using the SPSS version 12.0 to enumerate the performance of each the technology. 
Gross margin analysis was performed to determine the performance of each system of water management. Gross 
incomes were calculated by: 

R = Y*Py                                        (4) 

where 
R = Revenue ($·ha−1); 
Y = Yield (kg·ha−1); 
Py = Price of the crop per unit ($·kg−1). 
Net returns were estimated from the following expression: 

NR = R − TVC                                     (5) 

NR = Net return ($·ha−1); 
R = Revenue ($·ha−1); 
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TVC = Total variable costs ($·ha−1). 

3. Results 
3.1. Performance of Regulated and Unregulated Surface Irrigation 
The added value of regulated surface irrigation (RSI) was quite evident from the crop yields achieved, as shown 
in Figure 1. Under RSI, the yields of maize were four times greater than the yields realized using unregulated 
surface irrigation. Rice yields realized using RSI (3.60 t·ha−1) were threefold greater than that of the unregulated 
surface irrigation (USI). Yields of wheat with RSI were higher by 59% over unregulated surface irrigation. 
Generally, gross incomes were higher with RSI than USI for all the three crops. 

But the net incomes for all three enterprises showed significant advantage of RSI compared with unregulated 
surface irrigation. The net income realized for maize, wheat and rice were $322 ha−1, $162 ha−1 and $1184 ha−1, 
respectively under regulated surface irrigation (Table 4). This represents a significant improvement on incomes 
by factors of 636%, 128% and 377%, respectively over the USI. It should be noted that maize grown under USI 
attained a negative net income (−$60 ha−1). Similar results were reported by [33] in the Kaiti catchment of 
Kenya where negative net incomes were obtained for practices without improved water management. These 
findings explain the reasons for rural poverty and why poverty preference indices are high among subsistence 
smallholder farmers growing maize because farmers choose crop enterprises based on yields. Maize has low 
monetary value, and thus usually has the lowest returns on land put under production. Another reason could be 
ascribed to the limited access and use of streambanks of Domasi River and wetland gardens [26] [34] [35]. Use 
of the streambanks and wetland gardens could in the long-term affect ecological and environmental sustainabil-
ity. It appears farmers using USI in the nearby wetlands have constraints regarding water management and sus-
tainable agricultural production, due to lack of water control and application structures. 

The irrigation efficiency showed that water applied was adequate for wheat and maize under RSI. The maize 
and wheat grown under USI was water stressed, resulting in significantly lower yields than those using RSI. The 
irrigation efficiency for rice was very low ~0.28 - 0.40, for both RSI and USI, suggesting over-irrigation which 
probably resulted into water logging and excessive nutrient leaching. For example, the water applied in the rice 
fields was about 2 to 3 times more than the gross irrigation requirement (~10,780 m3·ha−1). This was somewhat 
surprising particularly for the farmers using RSI because it was presumed they had received some training on ir-
rigation management. This reveals an important aspect in the water management endeavours of small-scale rice 
farmers because there is lack of sound water management and water control. At Domasi Irrigation Scheme, there 
are no clear structures for measuring the amount of water applied per plot. Each farmer applies water according  
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Figure 1. Yield of maize, rice and wheat at domasi irrigation scheme. 
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Table 4. Performance of regulated and unregulated surface irrigation: water use, irrigation efficiency, water 
productivity and value of produce per unit of water. 

Irrigation practice/Crop Wheat Maize Rice Wheat Maize Rice 

 Border/Furrow (regulated) Border/Furrow (unregulated) 

Net irrigation (m3) 5820.0 6000.0 7540.0 5820.0 6000.0 7540.0 

Gross irrigation (m3) 8310.0 8570.0 10780.0 8310.0 8570.0 10780.0 

Water used (m3) 6352.0 6667.0 8173.0 6352.0 6667.0 8173.0 

Water applied (m3) 7247.8 6698.0 28900.0 3018.9 5650.0 20210.0 

Irrigation efficiency (m3·m−3) 0.88 1.00 0.28 2.10 1.18 0.40 

WUP (kg·m−3) 0.40 0.79 0.44 0.25 0.16 0.15 

Revenue at farm gate price (US$ ha−1) 330.0 528.0 1404.0 208.0 110.0 468.0 

Revenue per unit of water used (US$ m−3) 0.05 0.08 0.17 0.02 0.03 0.06 

NR ($ ha−1) 162 321 1184 71 −60 248 

CROPWAT 8.0 used for estimating gross irrigation requirement, net irrigation and water use; WUP—Water use productivity (kg·m−3); NI—Net return 
($·m−3). 

 
to a set schedule, not necessarily according to irrigation need. This tends to encourage the farmers to over-irri- 
gate in rice systems using either RSI or USI. There was higher water use productivity (WUP) using RSI (0.40 - 
0.79) compared with those using USI (0.15 - 0.25). 

3.2. Performance of Treadle Pumps vs. Water Can in Improving Crop Productivity and 
Water Use 

Generally, there was added value by using treadle pumps over water can. Farmers using treadle pump irrigation 
realized increased production of beans and maize by 34% and 54%, respectively, compared with water can irri-
gation. However, the yield gains for cabbage and onion with treadle pump irrigation were marginal ~14% and 
5%, respectively (Figure 2). Our results do not clearly show benefits between treadle pump and water can with 
regard to yield for beans, cabbage and onion. These findings agree with those from other districts of Malawi for 
beans, onion and [7] [9] [18] [36]. However, the yields of cabbage, maize and beans for farmers who had used 
water can irrigation agree with those reported for similar agro-ecologies in Ntcheu, Dedza and Lilongwe dis-
tricts of central Malawi [37]-[39]. The farmers using treadle pumps were able to pump more water per unit time 
(1.6 L·s−1) as opposed to water can irrigation, which has a volume of 10 L. The bucket may take the farmer(s) 
about twice to thrice the time required to irrigate an area using a treadle pump [9]. Thus, a farmer using a treadle 
pump requires less labour to irrigate a unit area compared with a water can. It is evident that the treadle pump 
improved the efficiency of irrigation by saving time and labour. Farmers who do not have treadle pumps are at a 
disadvantage because they tend to irrigate when labour is available and not necessarily when the crop needs wa-
ter at any critical growth stage. 

3.3. Scope for Improving Farm Incomes Using Treadle Pumps and Water Cans 
Net incomes were $175 ha−1 and $353 ha−1 using treadle pump irrigation and −$44 ha−1 and −$78 ha−1 using 
water cans for beans and maize, respectively (Table 5). This difference could be due to their different water re-
quirements, yield potentials and market prices. However, net incomes using treadle pumps for cabbage and 
onion increased by 96% and 12% over yields realized with water can irrigation. The marginal increase for 
onions was attributed to the fact that onions are grown generally on smaller plots and thus, are easily irrigated 
with water cans making the added value of treadle pump less evident. On the contrary, treadle pumps enabled ir-
rigation of larger areas of maize and beans. 

Farmers using the water can incurred more labour costs compared with treadle pump users because of the 
need for hired labour. Generally, water sources were situated about 30 m to 120 m from irrigated fields and this  
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Figure 2. Crop yields for treadle pump and water can irrigation in Mchinji 
district. 

 
Table 5. Performance of treadle pump and water can irrigation technologies: water use, irrigation efficiency, wa-
ter productivity and value of produce per unit of water. 

Crop Cabbage Onion Beans Maize Cabbage Onion Beans Maize 

Irrigation practice Treadle pump Water can 

Net irrigation (m3) 5200 4136 4154 6002 5200 4136 4154 6002 

Gross irrigation (m3) 7434 5909 5953 8570 7434 5909 5953 8570 

Water used (m3) 5740 4665 4743 6660 5740 4665 4743 6660 

Water applied (m3) 4850 6440 5720 6010 3460 4490 4920 4810 

Irrigation efficiency (m3·m−3) 1.18 0.72 0.83 1.11 1.66 1.04 0.96 1.38 

1WUP (kg·m−3) 3.48 2.24 0.19 0.41 3.06 2.12 0.14 0.27 

Revenue at farm gate price (US$·ha−1) 1400 1463 495 907 1225 1401 369 589 

Revenue per unit of water used (US$·m−3) 0.24 0.31 0.10 0.14 0.21 0.30 0.08 0.09 

2NR (US$·ha−1) 651.0 701.0 175.0 353.0 332.5 626.5 −44.0 −78.0 

CROPWAT 8.0 used for estimating gross irrigation requirement, net irrigation and water use; WUP—Water use productivity (kg·m−3); NI—Net return 
($·m−3). 
 
discouraged farmers from irrigating crops like maize and beans using water cans because beans do not attract 
high prices at local markets. The study showed that incremental benefits on crop yield were achieved by adopt-
ing treadle pumps, thereby increasing the yields for beans, onion, maize and cabbage. Also, treadle pumps in-
creased gross and net incomes by >12% suggesting that farmers using the treadle pump were able to realize 
higher incomes across all crop enterprises compared with farmers using water cans. 

4. Discussion 
4.1. Impacts of the Regulated Surface Irrigation on Crop Yields, Farmer Incomes and 

Water Use 
These results show that there are positive impacts of RSI, as farms within Domasi Irrigation Scheme showed 
higher crop yields and net incomes over those using USI, probably due to the reliability of water applications. 
The farmers using USI depend on river beds to divert water into the maize, wheat and rice fields. Farmers within 
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the Domasi Irrigation Scheme were in an organized system and therefore had received formal training in water 
management from Smallholder Flood Plains Development Project (SFPDP) and the Malawi government de-
partments of agricultural extension and irrigation, unlike their counterparts outside. This training may have faci-
litated better agronomic practices and water management impacting positively on the crop yields, when com-
pared with those using USI. It has been noted that where water management technologies are adequately han-
dled, the impact of the investments is considerably higher in production, water savings and sustainability [40]. 
But this is not necessarily the rule because contrasting results were found in South Africa, where 50% of farmers 
participating in some selected irrigation schemes were found to have negative returns on investment [41]. 

Institutional arrangements in irrigation schemes can make a difference and determine whether farmers make a 
profit or not. For instance, the irrigation management at the schemes described by [41] were poorly managed 
and not under the full control of the smallholder farmers. At Domasi Irrigation Scheme, a water users’ associa-
tion was formed to ensure equitable sharing of water for irrigation. Despite this, it was noted that the farmers at 
Domasi had not grasped the concepts of costing water and optimizing water use, particularly in rice production. 
Traditionally, most farmers in Malawi view water as an infinite resource [9] and a social good that should be 
supplied free of charge [42]. However, the value of water in smallholder irrigation schemes varies with crop and 
farmer type [43] calling for ways of teaching the farmers to treat water as a dwindling and scarce resource. 
Another observation was that farmers utilize border, check basin and furrow irrigation methods which generally 
have low water productivity. At Domasi Irrigation Scheme, the water used for irrigation is rarely measured, thus 
many farmers are not aware that they use excessive amounts of water. Moreover, irrigation scheduling is not 
matched with crop water requirement, resulting in low water use productivity. The low irrigation efficiency par-
ticularly under RSI was unexpected and indicated problems with flow regulating devices and structures thereby 
complicating management, maintenance and sustainability of the irrigation system in the long-term. A similar 
problem was noted in Likangala Irrigation Scheme in the same agricultural ecological zone by [44] and in sev-
eral irrigation schemes in Tanzania [28]. Yields and water productivity have also been found to be far below 
potential in many rice producing regions and significant improvements can be achieved in crop production by 
sound management of inputs [45] [46]. To improve efficiency in surface irrigation systems, methods of measur-
ing water at farm level need to be introduced as well as more efficient methods of irrigation. For example, [47] 
showed that water applied by drip was 43% to 74% of that applied by surface irrigation. Other studies have also 
shown that drip-, microsprinkler and well-controlled surface irrigation systems that allow for good water control 
and nutrient management improved irrigated crop production and water use-efficiency [48]-[50]. Therefore, 
training farmers to treat water as a scarce and valuable resource would be the first step in helping them manage 
water efficiently. This is particularly pertinent in rice-based systems because in Domasi, farmers tend to 
over-irrigate leading to poor drainage, as the water table is within 0.4 to 0.6 m from the ground surface. For the 
farmers utilizing streambeds in unregulated irrigation, there is need to plan and implement proper water control 
and to train farmers on water management so as to improve crop performance and safeguard the environment. 

4.2. Impacts of Treadle Pump Irrigation and Water Can on Crop Yield and Water Use 
The treadle pump users indicated that, given availability of agronomic inputs, the treadle pump can be used for 
income generation. Overall, this study showed that use of treadle pumps increased crop yield and incomes indi-
cating that the technology can be used for poverty reduction with good success rates. The better gross and net 
incomes obtained for maize and beans indicate the potential of treadle pumps to boost food security and income. 
However, the technology is still manually operated, thus it is tiresome and has limitations on the amount of land 
that can be irrigated in a day. Our results are consistent with observations by [51] who demonstrated that labour 
availability and increase in irrigated area have a bearing on treadle pump adoption. The results from the treadle 
pump vs. water can study agree with [52] in West Africa. According to Namara and colleagues, the farmers us-
ing such small-scale water extraction technologies from shallow wells, develop complex but water-efficient and 
labor-intensive on-farm water management and agronomic practices. They also noted that cultivation of the 
crops, such as tomato and pepper, under shallow groundwater irrigation is generally profitable, particularly 
when the value of family labor involved in the cultivation process is not considered. Using this line of thinking, 
cultivation of cabbage and onion were profitable using treadle pump and water can irrigation. Labour costs re-
sults in negative net incomes for bean and maize. During the dry season, in sub-Saharan Africa, with one rainy 
season, land and labour are relatively abundant but water is the limiting factor for production. Such technologies 
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create employment for other local farmers, thus helping in reducing rural poverty and contributing to the local 
economy. Also, the crop harvest in the dry season augments the food security status of rural households using 
the treadle pump and water can irrigation. In a different study on treadle pumps in Mchinji district, [53] noted 
serious poverty indices for farmers without treadle pumps. This school of thought by [53] is justified, consider-
ing that treadle pump farmers spend less time on irrigation compared with their counterparts using water cans. 
This study demonstrated that irrigation efficiencies were similar for both systems falling between 0.72 - 1.18 for 
treadle pump and 0.96 - 1.66 for water can. Water use productivities, however, suggest that cabbage and onion 
convert water into greater yield (~2 - 3.5 kg·m−3) and gross income than maize and beans (0.14 - 0.41 kg·m−3). 
The irrigation applications appear to be adequate though water deficits (from the water use calculations using 
CROPWAT model) were noted in cabbage and maize calling for improvements in irrigation scheduling and 
timing. Improvements that could be proposed and have worked elsewhere include use of simple drip irrigation 
kits powered by treadle pumps or use of fairly large buckets (>1500 L) that could be filled with water from 
shallow wells [7] [54] to increase water delivery efficiency per planting station. 

5. Conclusions 
This paper determined the performance of improved vs. traditional water management practices in Malawi. The 
results showed enormous yield gains using well-managed surface irrigation on rice, maize and wheat production 
compared with uncontrolled surface irrigation and water management practices. Also, regulated surface irriga-
tion improved farm net incomes. However, it appears that there is a dire need to improve irrigation efficiency in 
both the regulated and unregulated surface irrigation systems. 

Sensitizing farmers to view water as a scarce resource with economic value would help them manage water 
efficiently, especially in rice-based systems where they tend to over-irrigate leading to poor drainage as shown 
at Domasi Irrigation scheme. Improvements are needed in water delivery of surface irrigation systems. For the 
unregulated surface irrigation, it is also necessary to introduce some methods of water control (e.g. flumes, weirs 
and flow meters) and enact policies that support coordinated activities by farmers while safe-guarding environ-
mental integrity of riparian lands. 

The results showed that labour efficiency and delivery of large water volumes per unit time were the major 
benefits of treadle pumps over water cans and not necessarily irrigation efficiency and crop yield. Thus, the 
adopters of treadle pumps are likely to be involved in other income generating activities by making use of the 
time gains from the utilization of the treadle pump. 
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