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out naturalization of streamflows over the 40 years of the study period 1961-2001, because the 
required information was not available. 
 
The analysis included: (1) basic statistics and trend detection; (2) flow duration curve; and (3) water 
accounting. Daily stream flow data for the period 1961-2001 were acquired, quality controlled, and 
used. The trend analysis was carried out on the monthly and annual time series of streamflows using 
Spearman rank test (e.g Yue et al., 2002). We attempted to attribute the trends and patterns by 
analyzing available (limited) information on climate, irrigation developments, reservoir construction, 
and land use changes. We analyzed the precipitation data of three climatic stations, Kermanshah and 
Khorramabad (data from 1951-2003) and Ahwaz (data from 1957-2003), each representing the 
upper, middle, and lower parts of the basin, respectively. We used 90% confidence interval (one 
tailed) for evaluating presence or absence of trends, as in the semiarid to arid environment of the 
Karkheh Basin changes that are significant at this level could have quite serious implications. The 
annual data series was used to derive Flow Duration Curve (FDC) for the Q1, Q5, Q10, Q25, Q50, Q75, Q90, 

Q95 percentiles. FDC is a cumulative distribution of flows at a site showing the flow assurance that how 
often any flow is equalled or exceeded (see Linsley et al., 1982).  
 
The IWMI water accounting framework (Molden and Sakthivadivel, 1999), which provides a unique 
way of distinguishing different water use categories (e.g. net inflow, depletion, committed and 
uncommitted outflows), was applied for the basin level water accounting for the water year 1993-94, 
as most of the required information was available for this period from the study of JAMAB (1999), and 
also because this year is considered as the reference year for the future water resource planning for 
the Karkheh Basin. Although the similar exercise for an extended period, i.e., for one decade or more, 
and for dry, medium, and wet years could be much more helpful, but was not possible due to 
unavailability of the required data . A brief description on the estimation of water accounting 
components is provided here, and details can be found in JAMAB (1999). The estimates were based on 
the observations on climate (e.g., precipitation, evaporation), streamflows, water uses, and other 
water balance components. For the purpose of detailed water balance analysis, they divided the basin 
into 47 subcatchments, and their water balance results were aggregated at the basin level. The inflow 
components of the water accounting were composed of precipitation, inflow from outside of the basin, 
and changes in surface and subsurface storage (Figure 3). The precipitation data were based on the 
61 climatic stations spanning the basin. Changes in subsurface storage were estimated based on the 
groundwater measurements related to water level changes, specific yield, and domain area. Since 
there was no major storage dam in the basin during 1993-94, the surface storage was considered as 
zero. The actual evapotranspiration was estimated through empirical equations calibrated for selected 
locations in the basin where detailed data on climate and water balance were available. The actual 
evapotranspiration from diversions for agricultural purposes was estimated as the difference of total 
abstraction and return flows. The subsurface outflow was regarded as zero, whereas outflow from 
rivers and drains were based on the observed records. The data on committed and uncommitted 
water were not available through the study of JAMAB and, therefore, we estimated these values in 
order to complete the water accounting exercise. The committed water was estimated in the range of 
10-50% of the available streamflows, based on Tennant (1976), who suggested that allocating 50% of 
the available streamflows to riverine ecosystems can maintain healthy ecosystems, whereas the 
minimum flows should be at least 10%, although the ecosystem degradation will be inevitable at this 
level. It should be noted that this method is simple to apply but has the potential for inadvertent 
misuse, because it does not account for specific species/life phase habitat requirements, short-long-
term changes in flow rates, seasonal variability, or channel geometry. 
 

 
Figure 1. Location of the Karkheh Basin in Iran and some of its salient features. 
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Results and discussion 
 
Spatial and temporal variability of the streamflow regimes 
The streamflows show large variability within a year and between years. The general temporal pattern 
of streamflows, however, is quite synchronized when different streams or flow behavior at different 
locations on a single river are compared (Figure 2). This is indicated by the similar timings of the high- 
and low-flow months. The high-flow events are mainly concentrated during November to May, with 
peak flows mainly in March-April. The duration of these events varies depending on the precipitation 
timing and snow melt dynamics. Generally high-flow events of small duration (i.e. 1-5 days) occur due 
to high rainfall events; but the high flows prevailing for 1 or 2 months, mainly observed during 
February-May, are caused by the snow melt and combined effect of snow melt and rainfall. The low 
flows are observed during June-September. The maximum values of CV are observed for November 
ranging from 0.96 to 1.77, and the minimum values of CV are observed in February ranging from 0.44 
to 0.53. In spatial terms, highest variability is observed for Pole Chehre and Ghore Baghest, located in 
the upper parts of the basin. The annual values of CV fluctuate around 0.47, with the range of 0.41-
0.54 (Table 1). These high inter- and intra-annual variations are mainly governed by the variability of 
precipitation, topography, soils, land use, and geology. The high variability in autumn streamflows and 
precipitation has implications for the management of rainfed and irrigated lands. This adds to the 
uncertainty of the water availability through surface flows as well as through precipitation. As a result, 
the decisions related to cropped area and agronomic operations (e.g. sowing operations for wheat and 
barley) remain at risk. Improved forecasts and their use by farmers could greatly help in getting 
ensured and better agricultural outputs from the land. 
 
The results of the trend analysis show that declining patterns were observed during May at all 
stations. Generally decline during May-September were observed in upper parts of the basin, though 
trends were significant only for May at Ghore Baghestan and Holilan. December and March show 
increasing patterns all across the basin, with December streamflows significant at Holilan, Pole 
Dokhtar and Jelogir. Increasing trends were observed during October at Pole Dokhtar and Hamedieh. 
Decreasing trends were observed for August at Ghore Baghestan and Holilan, whereas Hamedieh 
station showed increasing trends in August and September. The decline in flow during May was mainly 
attributed to the decline in precipitation during April and May, whereas increase in December flow was 
not clearly attributed to climate alone but was likely to be triggered by the combined effect of climate 
and land-use changes. These would include increasing patterns of precipitation in December, though 
not significant, and the watershed degradation due to a decline in the forest cover and a deterioration 
of rangelands (Mirqasemi and Pauw, 2007). Increasing trends at Hamedieh, particularly during July-
September, were mainly attributed to the operations of the Hamedieh reservoir. This analysis has 
highlighted the need of further (modelling) studies on the linkages of streamflows with climate, land 
use, and reservoir operations.  
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Figure 2. Mean monthly discharge at the selected locations in the Karkheh Basin, Iran. 
 
The comparison of mean and median annual surface water availability indicates that the mean values 
are 0-7% higher than the median estimates. This exhibits the classic arid and semiarid hydrology 
characteristic that the mean is greater than the median, but, in this case, not by a big margin at an 
annual scale (only 4% on average). Further examination of annual surface water availability (Table 1) 
shows that maximum flow of 12.59×109 m3 occurred in the wet year 1968-69, whereas the minimum 
flows of 1.92×109 m3 correspond to the drought year 2000-01, at Paye Pole station. In the time 
period of this analysis, 1961 to 2001, a drought persisted from 1999 to 2001, though the longer term 
time series do depict high- and low-flow years throughout the study period. These large temporal 
variations indicate high levels of supply insecurity for current and further withdrawals for human uses. 
 
The analysis of flow duration curves (Table 1) provide further insights into the annual availability of 
surface water along with the corresponding level of assurance. For instance the value of Q75 at Paye 
Pole station at the Karkheh River is 4.082×109 m3, which shows that this much volume of surface 
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water could be available for 75% of the time, i.e. 30 out of 40 years. Further examination was done to 
see the assurance levels associated with mean annual water availability. For this, FDC plots were 
generated, using annual data (not shown in the paper), and the exceeding level of means were noted 
for each station. This analysis indicated that mean annual surface water availability has an assurance 
level of about 45% at the basin scale, ranging from 40% for Pole Chehre to 52% for Pole Dokhtar. 
This shows that the annual mean is biased toward water years with high values for Pole Chehre (and 
also for Ghore Baghestan) and, therefore, the median is a better measure of central tendency for 
these stations. Furthermore, due to the construction of the Karkheh dam in 2001 and ongoing 
irrigation schemes in downstream parts, one can anticipate that during the below average/low-flow 
years, the most serious conflict would concern retention of water in Karkheh dam for hydropower 
generation and reduced supplies to the downstream agricultural users, whose situation will be 
exacerbated by soil salinity problems. This would also be accompanied by the diminished flows to 
riverine ecosystem and floodplains as well as to the Hoor-Al-Azim swamp further downstream. 
 
Table 1. Some basic statistics and flow duration characteristics showing annual variability in 
streamflows. 
 Units 

M3/year 
Pole 

Chehre 
Ghore 

Bagestan 
Holilan Pole 

Dokhtar 
Jelogir Paye 

Pole 
Hamedi

a 
Mean 
CV 
Minimum 
Maximum 
Median 
Q5 
Q10 
Q25 
Q50 
Q75 
Q90 
Q95 

106 m3/ 
- 

106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 
106 m3/ 

1080 
0.50 
198 

2851 
1003 
2416 
1684 
1303 
1022 
766 
549 
294 

722 
0.54 
104 

1914 
712 

1844 
1183 
957 
716 
419 
353 
268 

2431 
0.53 
607 

6193 
2292 
6042 
4250 
2977 
2343 
1499 
1168 
871 

1639 
0.41 
645 

3206 
1637 
3081 
2455 
2064 
1645 
1113 
854 
778 

4974 
0.43 
1790 

10773 
4692 
8958 
8227 
6193 
4836 
3562 
2601 
2230 

5827 
0.43 
1916 

12594 
5590 

10755 
9280 
7756 
5651 
4082 
3020 
2404 

5153 
0.48 
1068 

11324 
4852 
9280 
8641 
7555 
4873 
3447 
2254 
1648 

 
Overview of the basin level water accounting 
Basin level water accounts are given in Figure 3. The annual gross inflow, net inflow, and total 
depletion were 24.96×109 m3, 25.08×109 m3, and 19.94×109 m3, respectively. Direct depletion from 
precipitation constituted 82% (or 16.39×109 m3) of the total depleted water (19.94×109 m3). This 
water was mainly depleted through cropped areas, pasture, forests, and bare lands. The quantified 
data on these uses were not available for the study period; however, the estimates could be seen in a 
recent remote sensing-based study of Muthuwatta et al. (2008) who has estimated actual 
evapotranspiration for the different land uses in the basin for 2002-03. The portion of irrigation 
diversions, during 1993-94, depleted as evapotranspiration from irrigated areas was estimated as 
3.21×109 m3. The annual depletion of water in municipal and industrial sectors was very small (only 
about 0.05×109 m3), as most of the water diverted to these sectors generates return flows (about 
76%). The total annual outflow from the basin during 1993-94 was 5.09 ×109 m3, which is composed 
of outflow from the Karkheh River (3.99×109 m3) and from the drainage network (1.10×109 m3). The 
annual outflow from the Karkheh River is 54% or 3.99×109 m3 of the total annual streamflows volume 
of 7.37×109 m3 available in 1993-94. 
 
We estimated committed water required to support riverine ecosystem functions in the range of 
0.74×109 to 3.69×109 m3. It should be understood that most of the environmental flow assessment 
studies recommend that in order to keep healthy, resilient, and productive riverine ecosystems, water 
management policies should aim to restore the natural flow regime of the rivers, including flow 
variability, as much as possible (Poff et al., 1997). Based on these simple assumptions, however, 
uncommitted outflow from rivers (i.e. Total outflow minus committed outflow), in a year like 1993-94 
available for further allocation to various uses, would be in the range 1.070×109 to 4.02×109 m3. 
 
Considering the water accounting analysis for 1993-94 and long-term streamflows measured at the 
last gauging station of the basin (Hamediah during 1961-2001), the Karkheh Basin appears to be an 
open basin. A river basin is termed closed when additional water commitments for domestic, 
industrial, agricultural, or environmental uses cannot be met during all or part of a year, while in an 
open basin more water can be allocated and diverted (Falkenmark and Molden, 2008). But when we 
view the Karkheh Basin in terms of surface water variability and long-term water availability with the 
ongoing and future water allocation planning, then it is likely to attain the basin closure stage in the 
near future. For instance the annual water allocation to different sectors for 2001 was 4.95 ×109 m3 
(JAMAB, 2006), which is about 60% of the total renewable water resources available during the 
reference year 1993-94. The allocation to different sectors will be 8.90×109 m3 by the year 2025, 
among them the irrigation share will be the biggest (7.42×109 m3), almost equal to the renewable 
water supplies in an average year.  
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Figure 3. Schematic representation of the basin level water accounting of the Karkheh Basin (1993-
94).  
 
Conclusions 
 
The study shows that the streamflows of the Karkheh River and its tributaries exhibit large inter- and 
intra-annual variability, inclusion of which into water resources planning is pivotal for sustainable 
management of the available water resources. The Karkheh Basin appears to be an open basin and 
the competition among various uses of water was not alarming during the study period. This was 
exemplified, for instance, by the fact that about half of the total renewable streamflows were flowing 
out of the basin during 1993-94, the amount which is generally considered sufficient to maintain 
healthy ecosystems. This was further supported by the records at Hamedieh station indicating no 
decline in the streamflows over the study period 1961-2001. Considering the water availability and 
current and ongoing water resources development plans, however, the basin will very likely approach 
closure stage during the first quarter of this century. Meeting the demands of all users will then be an 
extremely challenging task, particularly during dry years. The analysis conducted in this study is 
helpful in gaining further insights into the hydrological variability of surface water resources, and in 
turn could be instructive for the (re)formulation of a sustainable water resources development and 
management regime for the Karkheh Basin. For instance, this study has shown that streamflows in 
the upper two sub-basins are more variable compared to the middle parts, indicating a declining trend 
during low-flow periods, most notably in upper parts and during May. This means that contributions 
from the upper two sub-basins toward the Karkheh River would likely be reduced during low-flow 
periods, and additional irrigation developments may exacerbate this. Furthermore, the water 
accounting exercise has generated useful information about the availability of water, and different 
pathways by which water resources were depleted or moved out of the basin. The estimation of 
committed and uncommitted outflows provided practical insights about the degree to which water 
resources can be further developed. The analysis also highlighted trade-offs between different uses of 
water. For example, increasing allocations to irrigation will increase the depleted portion of the water 
accounting and consequently reduce outflow from the basin that will likely have a negative impact on 
the environment. Further studies are recommended on the linkages of streamflows with climate and 
land uses, management of the flow regime close to the natural variability, estimation of environmental 
flow requirements in terms of temporal and spatial dimensions, and setting up river/reservoir 
management targets that can minimize the negative impacts for the environment while ensuring the 
food security and economic gains from the use of water.  
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Abstract 
 
In improving global food production, the problem is not always due to the physical scarcity of water, 
but rather the lack of integrated land-water management approaches and weak institutional 
arrangements. An integrated approach to green and blue water management from the farmer’s field 
to the river basin scale is required to promote and upscale smallholder rural livelihood improvements. 
This cannot be achieved through the introduction of innovations alone, but requires the building of 
appropriate capacity in land and water management at all the scales at which interventions are 
implemented, or management decisions are taken. Too often capacity-building is seen as a follow-up 
activity. As an alternative, WaterNet’s approach is to integrate capacity-building into the research 
activities from the planning stage onwards. Key research in the Challenge Program on Water and Food 
Project PN17 is being undertaken by seven doctoral fellows and masters students, registered at 
WaterNet member institutions and supervised by scientists from universities and CGIAR centers within 
PN17. Many of these students come from the WaterNet regional masters program in Integrated Water 
Resources Management. They are supervised by doctoral fellows and scientists from universities and 
CGIAR centers within project PN17. The project also involves capacity-building at community, 
extension officer, and water manager level. A particular benefit is the development of transdisciplinary 
scientific teams for the supervision of students and the guiding of community training. As project 
PN17 progresses, there is constructive feedback between the research project and WaterNet’s 
capacity-building programs, especially the regional masters program. The program benefits as 
researchers from PN17 are brought into teaching, and as new research ideas from PN17 are 
integrated into the masters curriculum. The masters program thus provides students who are well-
equipped to begin their research projects, some of which are on water and food. Beyond this, 
WaterNet aims at training a new generation of water managers. By the integration of PN17 and the 
masters program, new ideas and philosophies of more crop per drop are passed on to the students, 
who, returning to their home countries and workplaces in southern Africa, can implement the new 
knowledge. 
 
Media grab 
 
Too often capacity-building is seen as an add-on to research: a follow-up activity in which the main 
researchers are uninvolved or uninterested. WaterNet’s approach is to integrate capacity-building into 
the research activities from the planning stage onwards. 
 
Introduction 
 
In improving global food production, the problem is not always due to the physical scarcity of water, 
but rather the lack of integrated land-water management approaches, and weak institutional 
arrangements (Falkenmark and Rockström, 2003; Jaspers, 2003; Love et al., 2006; van der Zaag, 
2005). An integrated approach to green and blue water management from the farmer’s field to the 
river basin scale is required to promote and upscale smallholder rural livelihood improvements (Love 
et al., 2004). This cannot be achieved though the introduction of innovations alone, but requires the 
building of appropriate capacity in land and water management at all the scales at which interventions 
are implemented, or management decisions are taken. 
 
Capacity-building is often seen as an add-on to research: a follow-up activity in which the main 
researchers are uninvolved or uninterested. WaterNet’s approach is to integrate capacity-building into 
the research activities from the planning stage onwards. This is show-cased through the Challenge 
Program on Water and Food project (PN17), which from proposal stage has been integrated into 
WaterNet’s capacity-building programs in Southern Africa.  
 
Methods 
 
PN17 was conceptualized with seven doctoral fellows and 21 masters students. In implementation, 
key research in PN17 has been undertaken by the seven doctoral fellows, registered at WaterNet 
member institutions and supervised by scientists from universities and CGIAR centers within PN17. 
Each fellow is linked to masters students (40 to date) who undertake their dissertation projects within 
PN17. Many of these students come from the WaterNet regional masters program in Integrated Water 
Resources Management at the Universities of Dar-es-Salaam and Zimbabwe, supported by four other 
regional universities. Others come from programs at other WaterNet member institutions. They are 
supervised by doctoral fellows and scientists from universities and CG centers in PN17. The project 
also involves capacity-building at community, extension officer, and water manager levels. This 
includes participatory on-farm pilot experiments (involving farmers and extension officers) and 
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participatory development of institutional and water resources models (involving water managers). 
Direct training and extension are also provided in key areas. 
 
Results and discussion 
 
Part of the impact of capacity-building within PN17 can be seen in the number (twice the target) and 
distribution (half of SADC countries) of the masters students (Figures 1 and 2). 
 

 
Figure 1. Masters students sponsored by PN17: almost all have now graduated and most have had 
their work published internationally (left). Whilst staff from national agricultural (or water) research 
and extension services (NARES) are well represented, gender balance has not been achieved (right). 
 

 
Figure 2. Map showing the distribution by nationality of the masters students sponsored by PN17 
(excludes European exchange students). The bulk are from the four Limpopo Basin countries: 
Botswana, Mozambique, South Africa, and Zimbabwe. 
 
The capacity-building component of the project has influenced the project’s research output, with 22 
students publishing papers, articles, or both (Figure 1). Contributions have been made in all major 
areas of PN17 research: Farmer field-based action research (Maisiri et al., 2005; Dhliwayo et al., 
2006; Moyo et al., 2006; Mwenge Kahinda et al., 2007), water resources research (Moyo, et al., 
2005; Kileshye-Onema et al., 2006; Moyce et al., 2006; Ngwenya et al., 2006; Vilanculos et al., 
2006; Tunhuma et al., 2007; Arranza and McCartney, 2008; Chilundo et al., 2008; De Hamer et al., 
2008; Khosa et al., 2008; Masvopo et al., 2008; Ncube and Taigbenu, 2008), and institutional 
research and development (Munamati et al., 2005; Nare et al., 2006; Svubure, 2007), as well as 
synthesis work such as where Basima Busane et al., (2005), integrated the research of four students 
who had been working on the same small reservoir. 
 
Published research results have an impact in the broader scientific community: van der Zaag (2007) 
showed that articles published in the journal Physics and Chemistry of the Earth following the annual 
WaterNet/WARFSA-GWP-SA symposia (where most PN17 results have been presented) achieved an 
impact factor of between 0.3 and 0.8, with the water and land theme having an impact factor of 1.03. 
The paper by Moyce et al. (2006) received the Phaup Award from the Geological Society of Zimbabwe, 
for the paper contributing most to the understanding of Zimbabwean geological science during the 
year 2006. The approach of Vilanculos et al. (2006) is being used for flood forecasting. The work of 
Maisiri et al. (2005) and Moyo et al. (2006) on drip kits has been developed into a protocol on drip kit 
distribution that is now widely used in the NGO community in Zimbabwe. Initial steps have been taken 
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for the work by Masvopo et al. (2008) to be developed in partnership with a private company, to 
supply water for smallholder citrus production. The results and model of Khosa et al. (2008) has been 
shared with the Zimbabwe National Water Management Authority for use in planning and at a 
stakeholder workshop. Recommendations by Svubure (2007) for rolling out water users associations 
and intermediate tier management structures were adopted by the Mwenezi Subcatchment Council in 
Zimbabwe. 
 
By a participatory approach, PN17 has trained communities, extension officers, and water managers in 
a variety of interventions (Table 1). 
 
Table 1. Intervention matrix for PN17: examples of interventions developed by a participatory 
approach. 
Intervention package Community beneficiaries Organizational beneficiaries 
Conservation agriculture Communities in Insiza, Gwanda, and 

Mwenezi (Zimbabwe) and Capricorn 
(South Africa) 
 

Department of Agricultural Research 
and Extension (Zimbabwe) 
Limpopo Department of Agriculture 
(South Africa) 

Rainwater harvesting Communities in Sekororo (South 
Africa) and Chókwè (Mozambique) 

Limpopo Department of Agriculture 
(South Africa) 
Chókwè District Agriculture 
Department (DDA) (Mozambique) 

Low head drip kits Communities in Insiza (Zimbabwe). 
But mostly this work was learning 
from the communities 

Department of Agricultural Research 
and Extension (Zimbabwe) 
Many NGOs that distribute drip kits 

Alluvial aquifers for 
smallholder irrigation 

Communities in Matobo (Zimbabwe) 
(planned). 

Zimbabwe National Water Authority 

Improving flood forecasting - AraSul (Mozambique) 
Modelling upstream-
downstream interactions 

- Zimbabwe National Water Authority 

Building institutional 
sustainability 

Communities in Sekororo (South 
Africa), Insiza, and Mwenezi 
(Zimbabwe) 

Zimbabwe National Water Authority 

 
A particular benefit of the project is the development of transdisciplinary scientific teams for the 
supervision of students and the guiding of community training. This is made possible by the broad 
nature of the PN17 partnership, backed up by the wider WaterNet membership (Figure 3). The 
involvement of scientists in the supervision of research and capacity-building projects at different 
scales, from farmer’s field to river basin, results in the development of a core capacity with an 
appreciation of the challenges and linkages at the different scales within the basin. Methodologies, 
research tools, and results are shared through integrative scientific and stakeholder workshops. 
Students are also required to present papers at symposia and encouraged to publish in journals. 
Quality control is conducted from conceptualization of research ideas to implementation, publication of 
papers, and synthesis of research findings. 
 

 
Figure 3. Affiliations and disciplines of supervisors of Masters students. Most students had two or three 
supervisors. NARES = national agricultural (or water) research and extension services. Doctoral 
fellows who are also NARES staff are only recorded as doctoral fellows. Institutional affiliation (left) 
shows the extent to which local scientists had ownership of masters supervision. There is a good 
balance between disciplines of supervisors (right), making for good transdisciplinary teamwork. 
 
Conclusions and recommendations 
 
Integrating research and capacity-building is a win-win scenario. At WaterNet, the masters program 
benefits as researchers from PN17 are brought into teaching, and as new research ideas from PN17 
are integrated into the masters curriculum. The masters program thus provides students who are 
well-equipped to begin their research projects, some of which are on water and food. Beyond this, 



202 
 

WaterNet aims at training a new generation of water managers. By the integration of PN17 and the 
masters program, the new ideas and philosophies of more crop per drop are passed on to the 
students, who, returning to their home countries and workplaces in southern Africa, can implement 
the new knowledge see Figure 4). 
 

 
Figure 4. Deployment of masters graduates from PN17, as at July 2008. 
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Abstract 

 
This study was conducted to encourage the wider adoption of agricultural water and moisture system 
innovations. Such adoption is currently low among smallholder farmers. The innovations increase 
productivity of agricultural water and enhance livelihoods in semiarid areas. One of the project 
strategies was to involve farmers in experiential learning through study tours that would actively 
facilitate and enhance farmer to farmer knowledge sharing and learning. This would hopefully create a 
good atmosphere for scaling-out. After interaction with fellow farmers during exchange visits, and 
seeing the benefits of practicing improved water management techniques followed by practical 
training, we observed a rapid adoption of water management technologies in all villages. Within one 
year of project implementation, farmers adopted a number of technologies in their farms and shared 
knowledge with fellow farmers in their villages. By August 2007, in one of the study villages 189 
households had constructed 1876 terraces. Farmers were motivated to construct terraces after seeing 
that they would earn more income by planting high-value crops such as bananas and vegetables that 
would fetch a good price in the nearby market, thus increasing productivity of scarce water resources. 

Media grab 

 
Use of interactive and participatory approaches to knowledge-sharing and learning has increased 
farmers’ enthusiasm to adopt innovations that were available for more than 50 years. 

Introduction 

 
The agricultural water and moisture systems’ innovations (WMSIs) in the semiarid and arid areas offer 
the potential to reduce poverty and play a pivotal role in realizing an African 'green revolution.' 
Rockstrom et al. (2004) defined water and moisture system innovations as any management 
technology or practice that has the objective of reducing risks of rainfed-induced water stress and/or 
increase agricultural productivity. They include water harvesting, drip irrigation, precision agriculture, 
and conservation farming technologies aimed at improving water productivity while conserving 
resources. The importance of WMSIs is increasingly high given the negative impacts of climate 
changes and increasing population, both of which put severe strain on water resources (Postel, 2000; 
Wallace, 2000). At the same time, the adoption of WMSIs is associated with several factors such as 
household capital endowment, land tenure system, access to markets and other services, government 
policies, and the stock of technologies available (Nkonya et al., 2006). This paper provides analysis of 
stories of some farmers who were involved in the initial stages of the knowledge-sharing and 
communication strategy implementation, and how the strategy has enhanced adoption of high-
potential interventions for increasing agricultural water productivity in the Makanya River Catchment 
in Tanzania. 

Methods 

 
The most significant change (MSC) technique was used in the Makanya watershed to conduct 
monitoring and evaluation of the CPWF SG 503 project.  MSC is a participatory action research 
methodology with diversity in both implementation and outcomes. This study was conducted in five 
villages: Chajo, Mhero, Malindi, Mgwasi, and Makanya. The MSC technique is a dialogical, story-based 
technique. Its primary purpose is to facilitate program improvement by focusing the direction of work 
toward explicitly valued directions and away from less valued directions. MSC can also make a 
contribution to summative evaluation through both its process and its outputs. The technique involves 
a form of continuous values inquiry whereby designated groups of stakeholders search for significant 
program outcomes, and then deliberate on the value of these outcomes in a systematic and 
transparent manner (Dart and Davies, 2003). The MSC technique in this study was done as indicated 
in the MSC guidebook (Davies and Dart, 2005). Essentially, the process involved the collection of 
significant change (SC) stories emanating from the field level, and the systematic selection of the 
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most significant of these stories. Most significant stories were collected from a total of 28 farmers who 
participated in the knowledge sharing and learning carried out through focus group discussions, 
dialogue, and participation of farmers in agricultural shows, training, and exchange visits in areas with 
successes in practicing WMSIs. The farmers were asked to write their own stories indicating significant 
changes they experienced since they started to be part of the project. The stories cover the period of 
more than 2 years, from 2006 when the project started. The stories were written in May 2008 and 
were then collected from the farmers and sorted according to story domains. About five story domains 
were identified, which were used to analyze the areas where the farmers have experienced the most 
significant change in their lives or farms. The stories were ranked based on the how the farmer has 
explained the changes he/she has experienced, and the number of domains which the story covers. 

Results and discussion 

 

Farmer stories domains 

The analysis of most significant change stories showed that all farmers experienced change in their 
attitude and behaviors toward use of innovations. About 79% reported envisioning the future at farm 
level, 79% have enhanced social networks, 61% reported enhanced farmer to farmer sharing of 
knowledge, and 46% reported enhanced productivity and livelihoods. Out of 29 stories, 10 were 
ranked higher because the farmers showed how the interactive knowledge-sharing process had 
influenced most of their current farming practices. The outstanding story was from the Chairperson of 
Malindi village, who explained the sequence of changes and narrated the steps she took to share the 
knowledge with other farmers and a primary school in the village, as an effort to persuade the next 
generation to practice better and improved farming. 

 

Attitude and behavior change toward use of improved technologies 

The interactive methods used to share knowledge has given farmers the freedom to learn and decide 
what they would like to implement on their farms. Despite having long experience with farming, they 
have not been exposed to better and alternative ways to learn and improve their farming practices, 
other than conventional top-down extension approaches. This has made them more rigid in their 
traditional ways of farming, which was neither profitable nor sustainable. Therefore, through this 
project they were able to visit other farmers who practice better farming techniques, attend 
agricultural exhibitions, and have other farmers from different locations coming to train them in 
various farming practices. One farmer said that … 

 
…I have been cultivating my farm for so long without any conservation structures; even the 
rainwater harvesting I was practicing was not technical, and I was mixing so many crops in 
my farm. After this project I have learnt better farming practices like making terraces and 
conservation agriculture. I have managed to practice conservation farming in my farm which 
has improved moisture retention in the soil. I have also shared this knowledge with my fellow 
farmers during our village meetings… 

 
Another farmer testified that … 

…After study tour and agricultural exhibition visits I have made an effort to 
change by trying to make compost manure which I use to cultivate vegetables. 
I have made terraces which help to conserve soil and water… 

 
The results showed that all farmers’ stories were citing change of attitude and behavior as 
one of their significant changes (Table 1). 

 
Table 1. Analysis of innovation adoption as a result of attitude and behaviour change based on MSC 
stories. 
Innovation N Cases (%) 
Soil and water management 
Improved germplasm 
Soil fertility management 
Tree nursery establishment 
Planting fodder grass along contours 

28 
28 
25 
5 
3 

100 
100 
89 
18 
11 

Total responses* 89  
*–Multiple responses. 

 
Soil and water conservation innovations practiced include making terraces (mostly bench and fanya 
juu), rainwater harvesting (through construction of sunken bed, basins, infiltration ditches, runoff 
harvesting), and conservation agriculture. Most of the improved germplasm includes bananas 
(Chinese, Cavendish, Williams, Grandnine), vegetables, and maize. In soil fertility, most farmers 
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reported adopting use of farmyard manure for growing bananas and vegetables, and others reported 
to have adopted use of compost manure. One farmer said that … 

...I was one of the few farmers who attended national agricultural exhibitions 
in Arusha in order to learn new technologies and share with our communities. 
I was very keen to learn what I saw, and I managed to practice in my farm by 
making terraces for the purpose of conserving water and manure. I used 
proper spacing (90 cm by 30 cm) to grow maize and used one seed per hole 
instead of 3 to 4 seeds. I have seen great change and achievement compared 
to my previous practice ……another thing that attracted me was 
environmental conservation. I established a small tree nursery of about 100 
seedlings of grevillea, quinine, and fruit trees (pawpaw and passion), which I 
expect to plant in my fields... 

 
For example, in Malindi village alone the chairperson reported that 189 households had constructed 
1876 bench terraces by August 2007. Farmers themselves indicated that they were motivated to 
change their farming behavior by constructing bench terraces after taking into account that they are 
likely to earn more income by planting high-value crops (bananas, tomatoes, onions, carrots, and 
spinach) that fetch a good price in the nearby markets, and that would increase productivity of scarce 
water and land resources. 

 

Empowerment to reach other farmers 
After interaction with fellow farmers during exchange visits and seeing the benefits of practicing 
improved WMSI techniques in Lushoto and Karatu, followed by practical training, we observed that 
there is rapid adoption of WMSIs on all villages. Within the period of project implementation farmers 
have implemented a number of WMSIs on their farms and shared knowledge with fellow farmers in 
their villages. Sixty-one percent of the farmers reported that they were able to enhance their ability to 
share what they learned from the project with other farmers. Most of them said that the change that 
is observed in their farms has attracted other farmers who were not part of the project to ask for 
advice. For example a farmer said in his story that…. 

 
…I have given training on improved banana technology to three farmers in my village... 

 
Another farmer said: 

…I advise my neighbors to attend farmer field school sessions and in the next season I am 
planning to invite them onto my farm to see what I am doing… 

 
The observation from Malindi village showed that within 6 months there has been an addition of 45 
new farmers among 189 farmers in 2007 who adopted bench terraces and contours, and an additional 
of 758 new terraces. This rapid adoption can be attributed to the project farmers sharing knowledge 
with other fellow farmers in the village. Many farmers have adopted different technologies they 
learned from fellow farmers. Other farmers have been seriously involved with horticultural crops, 
including growing bananas, and a few farmers have tried fanya juu terraces. 

Increased productivity and enhanced livelihoods 

About 46% of the farmers’ stories mentioned that there has been an increased productivity and 
enhanced livelihoods at the household level. These were achieved through farmers’ engagement in 
cultivation of high-value crops, mostly vegetables. One farmer said.... 

 
….I have planted banana for so long but I did not practice proper procedure; following the 
technical advice given to me I de-suckered and de-trashed my bananas and within 3 months 
I managed to harvest and sell bananas and got Tshs. 60,000/= (US$50), something I have 
never experienced before this project... 

Another farmer told her story by saying that: 

...after this project I managed to cultivate some vegetables for home consumption and 
selling. I no longer buy vegetables and the money I get from selling helps me to pay for 
minor household needs… 
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Another farmer said: 
 

…in 2008, I expect to harvest water melons, green peppers, and lablab beans planted in a 
half-acre plot each. I am doing supplementary irrigation using the water stored in my charco-
dam as a result of runoff harvesting... 

 
The small percentage of the farmers reporting increased productivity and enhanced livelihoods is 
attributed to the fact that most of the farmers have adopted banana technologies, which need about 
12 months to realize the benefits. From their stories, however, the pace at which the improved 
banana plants are growing gives a glimmer of hope and amazes most of them as they compare to the 
local varieties. For example one farmer said: 
 

…I received six banana suckers in November 2007; they are doing well and have reached a 
height of 1.5 m and have started to produce suckers at an average of four suckers per plant, 
and they are doing very well. I am so impressed with the growth of the banana plants… 
 

Farmers' plans 

About 80% of the stories also give some indication of farmers’ visions for the future, mostly to do with 
achieving increased productivity for enhanced livelihoods. Most of the farmers said they planned to 
continue expanding their current farming areas while practicing improved technologies. For example 
one farmer said in her story that: 

 
…my expectation is to plant 200 banana plants by 2011. I will start with 50 plants in 2008-
09, 50 plants in 2009-10, and 100 plants in 2010-11. Achieving this goal will enable my 
family to get enough food and surplus for improving its income… 

 

Enhanced social network 

About 79% of the farmers have reported enhanced social networks in their village. Self-led 
institutionalization was experienced whereby farmers in the study villages have organized themselves 
and started farmer learning groups (FLGs) and farmer field schools (FFSs) to ensure continuity in 
sharing the knowledge they gained from the project. For example, in Malindi the farmers organized 
themselves and formed a group known as 'Kikundi cha Migomba Malindi' (KIMIMA) which means 
'Malindi Banana Group.' One farmer said: 

 
…I have made an effort to change my farming practices, which has influenced my neighbors 
and now we have started a sustainable farmer group (KIMIMA) which is doing well… 

 
In Mhero village, as a result of field visits to Lushoto, more farmers have joined the existing Saving 
and Credit Cooperative Society (SACCOS). About 10 farmer learning groups were established as a 
result of conservation agriculture training. These groups involved more than 130 farmers who meet 
once every week for experiential learning in the FFSs. Some groups have prepared draft constitutions 
to acquire legitimacy with the district authorities, and for easy access to credit facilities. 

Conclusions and recommendations 

 
Interactive and participatory processes in knowledge sharing and learning used by the project to 
promote activities have enhanced attitude and behavior change toward conservation farming and 
increased farmers’ enthusiasm to adopt WMSIs that have been there over 50 years. We recommend 
the experience with interactive and participatory approach in knowledge sharing from this project. It 
could be used to enhance adoption of improved technologies elsewhere with similar socioeconomic 
conditions. We also recommend use of significant stories to influence policy and decision-making 
processes that would influence positive action toward improving the livelihoods of poor farmers. 
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Abstract 
 
The potential for increased agricultural water resources in Iran is limited, and thus agricultural water 
productivity must be increased to meet the increasing demand and shrinking supplies. The effects of 
field management and agronomic practices on water productivity (WP) were studied for irrigated 
wheat and maize in the Lower Karkheh River Basin (LKRB). The study was conducted during 2006-07 
at Safi-Abad Research Station in Dezful, Iran, and in two nearby farmers’ fields to determine the 
potential levels of WP and evaluate methods for its improvement. For wheat, there are two cropping 
systems of fallow-wheat and maize-wheat in Sorkheh. The treatments in the wheat fields after fallow 
included: (1) TW1–disking, broadcasting, corrugation irrigation; (2) TW2–raise bed with three crop 
rows on 60 cm-wide raised bed, i.e. flat top ridges; (3) TW3–furrow flat bed sowing, 12.5 cm row 
spacing, flood irrigation; and (4) TW4–farmer practice, i.e. disking, seed broadcast, border irrigation. 
For wheat after maize, treatments were: (1) TW5–use of corn chopper then combined planter; (2) 
TW6–use of corn chopper then seed broadcasting, disking, corrugation irrigation; (3) TW7–flat bed 
sowing, 12.5 cm row spacing, flood irrigation + corn residue. For maize, furrow spacing was 75 cm in 
all cases and the treatments consisted of: (1) TM1–Plant row spacing 75 cm, alternate furrow 
irrigation; (2) TM2–two plant rows spaced 25 cm on furrow ridge, full furrow irrigation, (3) TM3–single 
plant row inside furrow, full furrow irrigation; (4) TM4–two plant rows inside each furrow, full furrow 
irrigation; and (5) TM5–farmers practice: single plant line, full furrow irrigation. Results were 
promising, indicating that the mean wheat and maize water productivity of, respectively, 1.02 and 
0.40 kg/m3, can be improved to 2.32 and 0.52 kg/m3 when improved practices were applied. The 
main causes of reduced productivity at the farmers’ fields were excess irrigation and runoff, followed 
by inadequate management practices. 
 
Media grab 
 
When farmers adopt a set of improved soil and water management practices, higher crop water 
productivity can be achieved.  
 
Introduction 
 
Iran is situated in the arid and semiarid belt of the world, with an average annual precipitation of 
about 250 mm, which is less than one-third of the world average. Moreover, 179 mm of the 
precipitation evaporates, representing 71% of the total precipitation (Dehghanisanij et al., 2006). The 
agricultural sector is the main water user in the country. The irrigated agricultural area in Iran 
comprises about 8.4 Mha and presently uses 85.2 BM3 (92%) of the total water use (92.5 BM3). Since 
development of more water resources for the agricultural sector in Iran is limited, agricultural water 
productivity needs to be increased. The Karkheh River Basin (KRB) is an important agricultural zone, 
located in southwest Iran. Here, two major agricultural production systems prevail: a rainfed system 
upstream of the newly built Karkheh Reservoir, and the fully irrigated system downstream of the dam. 
The river water quality is generally good for agricultural use (EC = 0.9-1.7 dS/m), though it varies 
both seasonally and along the river. The area is suitable for a wide range of crops, i.e. wheat, maize, 
alfalfa, and off-season vegetable crops. The total area of KRB is 5.2 million ha (Mha), out of which 
only 1.07 Mha is irrigable and 0.9 Mha is suitable for dry farming agriculture. Out of the total 
cultivated area, more than 70% is under cereals (wheat and barley). Water resources in KRB consist 
of both surface and groundwater, though the basin suffers from water shortage and droughts are 
becoming a permanent feature of this region. Water productivity (WP) in KRB is also low, not only 
compared to potential WP, but also to that in other river basins in Iran (Keshavarz and Ashrafi, 2004). 
 
Yields of irrigated wheat range from 4030 to 5510 kg/ha at Sorkheh, a typical (non salt-affected) area 
in the cropping land of the lower KRB. Wheat water productivity varies between 0.4 to 1.3 kg/m3. In 
the same area, irrigated maize yields range from 3383 to 6900 kg/ha, with WP values from 0.19 to 
0.68 kg/m3. Wheat and maize WP seem to vary in different farms depending on the source of 
irrigation water (well, network, and river). Mean wheat yield was highest for irrigation when water was 
from a combination of groundwater (wells) and the irrigation network, and it was least when fully 
irrigated from wells. The mean maize WP irrigated from the network, well, river, and a combination of 
well and network, was 0.38, 0.46, 0.39, and 0.34 kg/m3, respectively. Average maize WP in different 
locations of the country with about the same crop water requirement is 1.3 kg/m3, and ranges from 
0.8 to 2.3 kg/m3. This suggests that there must be a high potential for increasing WP of irrigated 
maize in the KRB. The highest mean WP in Sorkheh is reported for the fields irrigated from wells, 
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where farmers could apply the water into the fields as needed. However, the highest WP variation was 
observed in the fields irrigated from the irrigation network, which could be attributed to the 
unreliability of supply in relation to demand. The main cause of low water productivity at Sorkeh was 
runoff. 
 
The farmers' practice for wheat production consists of plowing, disking, seed broadcasting, and border 
irrigation. Their seeding rate is high for broadcast seeding, which may cause low crop yield. Under 
border irrigation, water distribution uniformity is low due to non-uniform slope and high deep 
percolation amount at the field entrance. For maize, the farmers use furrow irrigation and single 
planting line, many of them inside the furrow. Water losses are high due to runoff and deep 
percolation. 
 
Higher crop WP can be achieved by: using less water while maintaining production, by increasing 
production with the same amount of water, increasing yield more than water use (not a solution if 
there is no additional water), or by reducing water use more than yield (not a solution if food security 
is important). Indeed, some of the greatest increases in water productivity have been achieved 
through improved irrigation practices and increased crop yields through the use of better varieties and 
mineral fertilizers. Dehghanisanij and Moayeri (2008) introduced different challenges and 
opportunities though evaluation of WP in lower KRB including: modifications in cropping pattern to 
optimize water use, optimized water consumption through modified planting dates in some irrigation 
areas to avoid drought effects during ripening, development of land leveling and land consolidation 
plans, and estimation of appropriate farm sizes and dissemination of raise-bed furrow and alternate 
furrow irrigation methods to farmers.  
 
The objectives of this paper were to study the effects of field management and agronomic practices on 
water productivity for the two major irrigated crops, wheat and maize, in the Lower Karkheh River 
Basin.  
 
Site description 
 
The study was conducted in Sorkheh Plain, a representative irrigated area of LKRB. Sorkheh is located 
in eastern LKRB, west of Khozestan Province and below the Karkheh Dam. The region has a semiarid 
climate (De Martonne classification). The temperature and humidity in this region range between 6.7-
45.6°C and 27.4-74.5%, respectively. The rainy season usually starts in October and continues until 
the middle of May, with an average annual rainfall of about 330 mm. The annual potential evaporation 
in this region is about 2400 mm, ranging between 50 mm/month during December and January and 
400 mm/month during June and July. The Sorkheh agricultural area is about 10,000 ha of which about 
4100 ha is under a surface canal irrigation network, 5800 ha has well water resources and 460 ha is 
irrigated by pumping from surface water (rivers). In total, there are 196 wells in this area and 29 
pumps for pumping water from rivers. Winter wheat-maize is the main cropping system in this region. 
Wheat is grown from mid November to mid May. The rainfall does not fully meet the needs of wheat 
for its normal growth, especially during the dry, windy spring season. Therefore, 3-4 irrigations are 
needed to maintain high yields. Maize is grown from late July to late October, when the rainfall is 
almost zero, and is totally dependent on irrigation.  
 
Methods 
 
There are two cropping systems for wheat in Sorkheh: maize-wheat and fallow-wheat. The sowing 
date in the fields of maize-wheat cropping system has a delay of about 5 weeks compared to that in 
the fields of fallow-wheat cropping system. The study was conducted for the fallow-wheat cropping 
system as follows: (TW1) disking, broadcasting, corrugation irrigation (similar to furrow irrigation, but 
with narrow and shallow furrows formed by shaping the soil surface using corrugators); (TW2) three 
rows on 60 cm-wide raised bed (i.e. flat top ridges, furrow); (TW3) flat land sowing, 12.5 cm row 
spacing, flood irrigation; and (TW4) farmers' practice (i.e. disking, seed broadcast, border irrigation). 
For wheat after maize, treatments were: (TW5) use of corn chopper then combine planter; (TW6) use 
of corn chopper then seed broadcasting, disking, corrugation irrigation; and (TW7) flat land sowing, 
12.5 cm row spacing, flood irrigation + corn residue. The farmer system (control) for both cropping 
systems was border irrigation with broadcast seeding and disking. Wheat was sown at 165 kg/ha (the 
range used by farmers at Sorkheh is 150-350 kg/ha). 
 
For maize, four field management systems were compared with traditional practice (control) at 
Sorkheh, in farmers’ fields. The treatments were all irrigated by furrows spaced at 75 cm and 
consisted of: (TM1) plant row spacing 75 cm, alternate furrow irrigation; (TM2) two plant rows spaced 
25 cm on the furrow ridge, full furrow irrigation; (TM3) single plant row inside the furrow, full furrow 
irrigation; (TM4) two plant rows inside each furrow, full furrow irrigation; and (TM5) farmers' practice 
(control): single plant line, full furrow irrigation. All the furrows were 130 m long. Maize plant density 
ranges from 45,000 to 100,000/ha in Sorkheh. We applied a seeding rate of 75,000 seeds/ha for 
maize, as recommended by local extension. 
 
Each treatment was conducted in three replications in full-sized fields (130 m long) where they 
received the same amount of applied irrigation water. The in-flow and out-flow was measured using a 
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calibrated cut-throat flume. Analysis of variance (ANOVA) was used to compare treatment effects on 
yield and water productivity. 
 
Data collection included: soil characteristics, soil fertility analysis, water quality (salinity), land slope, 
size of fields, irrigation amount and runoff, number of irrigation events, crop varieties, cropping 
calendar (time of planting, harvest, etc.), crop yields (by sampling from 1×1 m2 area), tillage and 
cultivation practices, crop growth stages, timing and amount of inputs including fertilizers and 
pesticides, seeding rate, and climate parameters to estimate crop water requirement.  
 
In agricultural production systems, crop water productivity (WP) accounts for crop production per unit 
amount of water used (Molden, 1997). The numerator can be expressed in terms of crop yield 
(kg/ha), or in monetary units (i.e. $/ha). A number of options are available for the type of water use 
in the denominator (e.g. transpiration, evapotranspiration (ETc), irrigation water (irrigation), input 
water (irrigation and effective rainfall), and water diverted, water beneficially consumed, and water 
beneficially and nonbeneficially consumed). We used the following definitions of crop WP 
(Dehghanisanij et al., 2008);  

 WP (kg/m3) 
ReI

Ya
+

=  (1) 

where WP is based on the irrigation water (I) plus effective rainfall (Re) (Doorenbos and Pruitt, 1977) 
and Ya is the marketable part of the total aboveground biomass production (i.e. grain yield for wheat 
and maize).  
 
Results and discussion 
 
For wheat after fallow and after maize, the farmer practice yielded WP values of 1.11 and 1.12 (TW4 
& TW7 in Table 1).  This was improved to a mean WP value of 1.46 kg/m3 in fields with improved 
practices with a range of 1.17 to 1.84 kg/m3 (Table 1). In the improved practices, there were 
significant differences between the wheat yields after fallow and after maize. On average the mean 
wheat yield was higher in fields after fallow than in fields after maize. The amount of water input 
(irrigation plus rain), however, was always less in fields after maize compared to those after fallow, 
mainly because of the shorter wheat growth period after maize. Accordingly, wheat WP was higher 
after maize than after fallow. The wheat WP was significantly higher in TW5 (1.84 kg/m3) than all 
other treatments. After fallow, TW1 and TW3 had a similar and small impact on wheat WP in 
comparison with the control. Both were lower compared to the full furrow irrigation, however, with the 
raised-bed system and sowing using the local furrower (Hamadani Barzegar type). 
 
Table 1. Irrigation (I+Re), yield, and water productivity in wheat fields under different treatments. 
Treatments* Irrigation water applied 

(m3/ha) 
Yield 

(kg/ha) 
Water productivity 

(kg/ha) 
After fallow    
TW1 
TW2 
TW3 
TW4 (control) 

4820 6466b 1.34ce 
4880 7134a 1.46b 
5000 5836d 1.17e 
4921 5124e 1.12e 

After maize    
TW5 
TW6 
TW7 (control) 

3470 6369c 1.84a 
4390 6480b 1.48b 
4377 4694f 1.11e 

*(TW1) disking, broadcasting, corrugation irrigation; (TW2) three rows on 60cm-wide raised bed i.e. 
flat top ridges, furrow; (TW3) flat land sowing, 12.5 cm row spacing, flood irrigation; (TW5) use of 
corn chopper then combine planter; (TW6) use of corn chopper then seed broadcasting, disking, 
corrugation irrigation. 
 
Irrigation water applied in all maize improvement treatments was less than in the control (Table 2). 
The significantly lower irrigation amount for the furrow bed system with a single planting row (TM3) 
compare to that for double planting row could be attributed to the furrow bed system and higher 
water advance rate in furrow with a single planting row. Maize grain yield in the furrow bed system 
(TM3) was significantly lower than in all other treatments. The highest maize grain yield was 
measured in TM4, but irrigation application was also highest in TM4. As a result, maize WP was similar 
in TM4 and the control, and significantly lower than in all other treatments. Maize water productivity in 
TM2 was 0.58 kg/m3, significantly higher than in all other improvement treatments. Even then, maize 
WP was still very low compared to the average country level of about 1.3 kg/m3. 
 
Table 2. Irrigation, yield, and water productivity in maize fields under different treatments. 
Treatments* Irrigation 

(m3/ha) 
Grain yield 

(kg/ha) 
Water productivity 

(kg/ha) 
TM1 
TM2 
TM3 
TM4 
TM5 (control) 

11620 6361b 0.55b 
10920 6367b 0.58a 
9760 5283d 0.54b 
13360 6514a 0.49c 
14360 6118c 0.49c 
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*(TM1) Plant row spacing 75cm, alternate furrow irrigation; (TM2) two plant rows 
spaced 25 cm on the furrow ridge, full furrow irrigation; (TM3) single plant row 
inside the furrow, full furrow irrigation; (TM4) two plant rows inside each furrow, 
full furrow irrigation. 
 
Conclusions 
 
In the Karkheh River Basin, low irrigation water productivity is one of the main issues in agricultural 
production, mainly due to poor field water management and agronomic practices. The recommended 
wheat seeding rate is less than that applied by farmers, but was associated with higher yields in 
combination with improved sowing and irrigation management. Wheat WP was almost the same in 
both control fields for the fallow-wheat and maize-wheat cropping system. The improvement 
treatments for maize-wheat cropping system (TW5) use of corn chopper then combine planter and 
(TW6) use of corn chopper then seed broadcasting, disking, corrugation irrigation, improved wheat 
WP compared to the improvement treatments for the fallow-wheat cropping system. The sowing date 
in the fields of maize-wheat cropping system was the main factor in reducing irrigation amount and 
increasing WP compared to that in the fields of fallow-wheat cropping system, without a significant 
decrease in yield. The mean wheat WP was improved by 43% due to management practices. The 
mean maize water productivity was improved by up to 20% by improved field management systems, 
especially by raised beds with 75 cm bed width and full furrow irrigation. Results indicated that the 
mean wheat and maize water productivities of traditional practice were 1.02 and 0.40 kg/m3, which 
were subsequently increased to 2.32 and 0.52 kg/m3 when improved practices were applied at the 
farms. 
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Abstract 
 
West Bengal, in the eastern Indo-Gangetic Basin, has abundant groundwater resources, but their use 
is limited due to the poor economic status of the farmers and the small and fragmented landholding 
pattern. In this region, informal groundwater markets are very common, whereby nonowners of 
pumps buy water from the pump owners. One of the main reasons for the proliferation of groundwater 
markets has been the high flat rate electricity tariff that gave an incentive to pump owners to sell 
groundwater. As part of the larger power sector reforms underway in India, however, the State of 
West Bengal is metering all agricultural tubewells. This study aims to capture the impact of metering 
on different stakeholders. Based on primary data, the results show that pump owners are likely to be 
winners by being able to earn higher profit from selling water, while the water buyers will lose out. 
Under Time of Day (TOD) metering at the current tariff rates, the government will earn less revenue 
than with the flat rate system, though it may ultimately gain by reducing the transmission and 
distribution (T&D) loss and commercial losses. The exact impact of transition from a high flat tariff 
regime to the TOD system on the volume of water pumped and the size of the water markets is 
difficult to predict, and further research is needed. Set in a broader context, this paper sheds new 
light on marginal cost pricing of groundwater (through metering of electricity consumption) and the 
way it affects water users.  
 
Media grab 
 
The introduction of meters for agricultural water use will only benefit the wealthier water sellers, at 
the cost of poorer water buyers, in regions of abundant groundwater in West Bengal, India. 
 
Introduction 
 
Around 60% of the irrigated land in India is under groundwater irrigation due to the unreliability of 
other sources (Deb Roy and Shah, 2003). A major boom in groundwater irrigation started in the mid 
1970s to early 1980s when the flat tariff system (based on pump capacity (horsepower)) replaced the 
prevailing metered electricity supply for agriculture. The flat tariff was introduced to avoid the high 
transaction costs of metering, but over time, the State Electricity Boards (SEBs) found it very difficult 
to increase the flat tariffs in spite of financial loss, for various political reasons (Shah, et al., 2007). 
Under pressure from international donor agencies to reform the power sector, and also realizing the 
gravity of the situation, the Government of India (GOI) promulgated the Electricity Act of 2003 to 
improve the economic viability of SEBs through partial financial assistance from the Asian 
Development Bank (ADB) and the Power Finance Corporation of GOI. SEBs were unbundled, and 
converted into profit-making companies under the surveillance of different State Electricity Regulatory 
Committees (SERC), through the initiative of 100% metering for all categories of consumers, 
rationalization of tariffs, total rural electrification, etc. (ADB, 2002). West Bengal was one of the first 
states to adopt the principle of universal metering.  
 
West Bengal, an eastern Indian state, has very high groundwater potential of which only 42% has 
been utilized so far. In 2000, there were 60,367 shallow tubewells (STWs), 5139 deep tubewells 
(DTWs) and 7392 river lift irrigation pumps (RLIs) operational in the irrigation sector (WIDD, 2004). 
As far as electricity is concerned, West Bengal is one of the few states in India with the capability of 
producing surplus energy, around 4500 MW per year (IBEF, 2005). In spite of these favorable 
conditions, West Bengal farmers pay the highest flat electricity tariff in India (Mukherji, 2007a). 
Though 98% rural electrification has been achieved (Finance Department, 2007, only 18.5% of the 
tubewells were connected to the electricity supply system (WIDD, 2004; WBSEB, 2007) due to the 
lengthy and expensive process of permits imposed by the State Water Investigation Directorate 
(SWID).  
 
The new TOD metering technology adopted by the state of West Bengal is different in many ways 
from the previous meter system in India. Tamper proof TOD meters (with optical load sensors) have 
been installed to minimize theft. The TOD system is basically a tool for demand–side management 
where certain sections of consumers are discouraged (by higher pricing) to use energy in evening 
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peak hours when there is huge demand from other sectors. The meters have been devised with three 
sectors activated rotationally in three distinctly different time slabs for agricultural pump sets: 
 
• 0600–1700 (Normal daytime, ‘N’), @ Rs 1.37/kWh (1 USD ~ Rs. 42). 
• 1700–2300 (Evening peak hours, ‘P’), @ Rs. 4.75/kWh. 
• 2300–0600 (Off-peak hours, ‘O’), @ Rs 0.75/kWh. 
 
Through a sophisticated meter reading instrument (MRI), data are captured and transferred to a 
zonal/circle computer for bill generation. For the collection of meter readings, local self help groups 
(SHGs) have been recruited (Vidyut Baarta, 2007). The whole system is under the surveillance of GSM 
and GIS technology and scope for meter tampering, and foul play is almost negligible. 
 
The objective of our study is to present a first cut analysis of: (1) the impact of the introduction of the 
TOD metering system on the pump owners who are also water sellers, water buyers, and groundwater 
markets; (2) identifying the winners and losers with the new metering system; and (3) how metering 
will affect the functioning of groundwater markets. 
 
Methods 
 
Surveys were undertaken in 14 villages from five districts in 2006-07 (Figure 1). The number of 
respondents was 156 out of which 114 were pump owners and 42 were water buyers. Of the 114 
pump owners, 104 electric water-extraction mechanism (WEM ) owners (82 with submersible and 22 
with centrifugal pumps) were surveyed. 

 
Results 
 
Winners and losers in meter system 
Pump owners 
The flat tariff rate in West Bengal for a 5 HP pump was Rs 8,800/year for centrifugal pumps and Rs 
10,800/year for submersible pumps; 60% of total hours of pump operation was done during ‘normal’ 
day time, 10% in the evening ‘peak’ hours, and 30% in ‘off-peak’ hours for irrigating the land of the 
pump owners and for selling water to others. A 5 HP pump consumes 3.73 KwH in 1 hour (@0.746 
kWh/HP). Based on these figures, the average cost of power consumption per hour of pumping of a 5 
HP pump can was calculated to be Rs.5.68/h ((0.60 hr x 3.73 units x Rs.1.37) + (0.10 hr x 3.73 units 
x Rs 4.75) + (0.30 x 3.73 units x Rs 0.75)). 
 
‘Breakeven point analysis’ was done to find out the gain/loss of different stakeholders. The term can 
be described as the optimum annual pumping hours at which the energy charge in the existing flat 
tariff will be equal to the metered tariff rate under the TOD system. Break-even points for submersible 
and centrifugal pumps are 1800 hours and 1500 hours, respectively. We found that among the 82 
submersible pump owners only 24 were pumping for more than 1800 hours annually, which implies 
that 70% (54 out of 82) submersible pump owners will gain by having to pay a lower electricity bill 
than before under the existing meter tariff (average benefit of Rs 2800/tubewell/year) (Figure 2a). In 
the case of centrifugal pump owners, all will gain under the existing meter system by an average of Rs 

Figure 1. Location map of the study blocks in West Bengal. 
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4600/tubewell/year (by virtue of having to pay a lower electricity bill than under the previous flat rate 
tariff) (Figure 2b). 
 

 
 
 
Water buyers 
As in the newly introduced TOD system of metering, the pump owners no longer need to sell water, 
and the buyers are at the mercy of the pump owners. Water buyers lose out under the new metered 
tariff regimes if: (1) the price at which they buy water goes up in response to metering; (2) water 
sellers show unwillingness to sell water due to changed incentive structure under metered tariff, and 
instead force the buyers to lease out their lands to the water sellers; and (3) other terms and 
conditions of water sale become unattractive for the buyers (e.g. if the sellers ask for advance 
payments, or refuse to give water at desired times). All of these have happened in response to 
metering and hence the buyers, who are mostly small and marginal farmers, have lost out under the 
metering system (Mukherji et al., 2008) 
 
Impact on groundwater market 
What will be the condition of groundwater market transactions as result of metering of electricity 
supply? This can only be answered definitively once the metered tariff system is introduced 
everywhere, and pumping and water selling behaviors are studied and compared with their behavior 
under the flat tariff system. In the absence of such data, we can only hypothesize on the impacts of 
metering on the size of the water markets. Based on our survey, the average price at which water was 
sold (averaged over all seasons within one year) was Rs 18/hour. Motivation of the pump owners 
plays an important role in influencing the market size, with various considerations such as: 
 
• The pump owners may be motivated by increased profit margins under the metered tariff, 

and keep selling water as long as they get additional water buyers. Under this scenario, 
water markets would expand. 

• Pump owners who just recover their annual energy expenses through selling water, in the flat 
rate system, may have the same tendency in the metered tariff system. In that case water 
markets might contract, expand, or remain unchanged (Table 1). 

• Similarly, if pump owners would like to maintain the same amount of profit as they were 
making under flat tariff system then again water markets might contract or expand (Table 2). 

 
It should be noted that the expansion or contraction of water markets will not influence hours used for 
self irrigation and the average price of selling irrigation. 
 

Figure 2. Comparative study on the possible electricity cost in flat tariff and metered tariff systems.  



216 
 

Table 1. The transition of the water market based on the motivation of recovering the energy charge 
in flat and meter tariff systems. 
Cases Hours of operation of a 

submersible pump under 
flat rate tariff 

Hours at 
which flat 
rate is 
recovered 

Hours at which 
meter rate is 
recovered 

Expansion, contraction or no 
change in hours of water sold after 
metering 

For self 
use (A) 

For selling (B)   

Case 1 900 600 1500 1350 Contraction by 150 hours 
Case 2 1200 600 1800 1800 No change in water market 
Case 3 1500 600 2100 2150 Expansion by 50 hours 
Case 4 0 600 600 Any positive value Indefinite* 
*This will not happen in real field because the pump owners with no landholding indicate that they 
have installed the pump for profit making. 
 
Table 2. The transition of the water market based on the motivation of keeping the same profit margin 
in flat and meter tariff systems. 
Cases Hours of operation of a 

submersible pump under 
flat rate tariff 

Profit 
making 
hour in 
flat rate 
[(B-600)] 

Hours of pumping 
in metered tariff 
for making same 
profit as under flat 
tariff 

Expansion, contraction or no 
change in hours of water sold 
after metering 

For self 
use (A) 

For selling 
(B) 

Total 
(C) 

Case 1 900 600 1500 0 1350 Contraction by 150 hours 
Case 2 0 1500 1500 900 1350 Contraction by 150 hours 
Case 3 700 1400 2100 800 1550 Expansion by 750 hours 
Case 4 0 2100 2100 1500 2250 Expansion by 150 hours 
 
Discussion 
 
The above study was carried out at a critical time when, like other states in India, West Bengal has 
been in the process of shifting from a long-serving flat tariff-based power supply to a metered 
electricity supply. In accordance with the National Electricity Policy, the agriculture sector has top 
priority in this regard. The highest flat tariff for agricultural power consumption in West Bengal 
induces the agri-tubewell (electrified) owners for ‘pro-active’ water selling. Water buyers, on the other 
hand, are in the advantageous position of being able to purchase water from tubewell owners who 
have no alternatives but to sell water. This is again attributable to small farm size of the tubewell 
owners, with no scope to compensate for the amount of the annual flat tariff payable to the 
government. In the newly introduced TOD metering system, it appears that most of the tubewell 
owners are going to benefit as their average annual hours of pump operation is less than the break-
even time (1900 hours for submersible pumps and 1500 hours for centrifugal pumps). Marginal (< 1 
ha) and small (1-2 ha) farmers who own tubewells will be the main beneficiaries of the metered 
agricultural electricity supply system, if they continue to operate pumps for the same duration as 
under unmetered supply. Moreover, if the water price for selling water in the unmetered supply 
system is maintained in the metered tariff system, most of the tubewell owners can still be predicted 
as gainers. The situation of water buyers is indeterminate if the electricity price remains unchanged. 
They will be losers if the water charge by tubewell owners is increased.  
 
Conclusions and recommendations 
 
It can therefore be concluded that the majority of pump owners will gain under the metering system 
through: (a) same hours of pumping but lower electricity bill; (b) same hours of selling water but 
higher profit; and (c) electricity bill paid only on actual energy consumption. For the water buyers the 
situation will be different. Since the high bargaining power they enjoyed under a high flat rate tariff 
will be eroded under a metered system, they will face adverse terms of exchange and higher water 
prices. Overall they will be at the mercy of the pump owners. There are also some complexities in the 
TOD system which in turn favor the pump owners to increase their water price. Lack of awareness is 
playing an important role in this respect. Impact on the size of the groundwater market and the total 
volume of groundwater extracted is indeterminate at this time, and will depend on the motivation of 
the pump owner, that is, whether or not he wants to increase his income from selling water, just 
wants to recover the electricity costs without bothering to make extra income, or wants to maintain 
the same profit as under the flat tariff system. As the majority of pump owners have to pay a lower 
electricity bill under the meter system, the electricity board will lose out in terms of revenues but may 
gain by reducing T&D losses. The worst affected group seems to be the water buyers, who also 
happen to be poorer farmers than pump owners. If there is a contraction of the water market, the 
availability of irrigation water will be reduced and their fate will be in the hands of the pump owners. 
To help them cope with the situation, the following steps can be taken:  
  
• Make it easier for nonpump owners to invest in tubewells through withdrawal of stringent 

SWID certification requirements. 
• Give a capital cost subsidy for installation of tubewells especially to the small farmers. Both 

these measures will increase competitiveness in groundwater markets by adding more sellers 
and might help in bringing down water prices. 
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• Seek involvement of local village level government structure (panchayats) in putting a ceiling 
on maximum water price such that water sellers cannot charge inappropriately high charges 
(Mukherji, 2007b; Rawal, 2002). 

• Awareness should be created among the farmers regarding the different aspects of the TOD 
metering system. 
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