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Effect of Rehabilitation in the Performance of the Canal and Farmland: 
A Case of Khokana Irrigation System in the Kathmandu Valley, Nepal 

Takumi Kondo, Fumio Osanami, Anita Manandhar and Neeraj N. Joshi 

Introduction 
Khokana Water Users' Group of the Khokana Irrigation System located in the Kathmandu 
Valley, Nepal, takes responsibility for canal management, including the distribution of water 
efficiently. A previous study on one such irrigation system1 in the Kathmandu Valley was 
found to be inefficient in water distribution due to inexistence of formation of the Water 
Users' Group. It is conceivable that the maintenance of the canal is important to bring about 
improvements by preventing water leakage so that the water can be distributed among the 
user farmers. 

This paper aims to point out the actual condition of the Khokana Water Users' Group with a 
detail field survey. First, how has the Water Users' Group been organized arid how does it 
maintain the irrigation canal? Second, what kind of influence does the Water Users' Group 
exert on the water distribution to the farmers? Also how has the distribution of water changed 
after the rehabilitation of the irrigation canal, whether it affected the use of the agricultural 
land and the crop production? This paper focuses on the history of the Water Users' Group, 
its management of the expenses, and the impact of the canal rehabilitation on the agricultural 
production, whether it has brought some changes in the agricultural land use. 

Introduction to the Study Area 
The Khokana Irrigation System supplies water for the agricultural land ofKhokana village, 
located in the Lalitpur District of Kathmandu valley. About I, 100 households and 250 hectares 
of farmland benefited from the system. This Water Users' Group has been formally registered 
at the District Irrigation Office (DIO) in 1996 although it has existed for more than 200 
years as an informal group. 

As shown in Figure 51.1, the Nakhu River is the source of the canal, located at the height of 
1,420 meter above sea level. The Nakhu River is a tributary of the Bagmati River, flowing 
through the narrow valley in between two hills. The intake of the canal is located at the left 
bank of this river and extends about 5.7 km towards the north and the northwest. The 

1 Kondo et al. (I), Osanami (2). Refer to the case of Sankhu village 
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Figure 51.1: Location ofKhokana Irrigation System 

agricultural field receiving water from this irrigation system is located between the two 
rivers, Nakhu and Bagmati. There are three other canals from the same river beside the one 
managed by this Water Users' Group ofKhokana Village. Two canals are managed separately 
by people from Chhampi and Bungamati Village Development Committees (VDCs) and a 
smaller canal is privately managed by a farmer to operate a water mill, located at Bungamati 
VDC at the point C in Figure 51.1. The intake of the canal is located at point B2 (Figure 
51.1 ). The overall length of the canal is 1.3 km. 

More than one VDC benefited from the Khokana Irrigation system. Out of the total 
beneficiary households, 150 are from Chhampi, Thecho, and Bungamati VDCs and 70 from 
Sainbu VDC, while 780 households are from Khokana VDC alone. As shown in Figure 
51. l, Chhampi, Bungamati, and Thecho VDCs are located upstream of the canal. Although 
the canal passes Chhampi VDC before entering Khokana VDC, there are only a few 
beneficiary households. Most of the farmland located in Chhampi or Bungamati is owned 
by people from Thecho and only some from Khokana at the lower part of upstream. 

Some farmlands in Khokana are owned by people from Sainbu. Originally, Sainbu and 
Khokana VDCs were included in the same Village Panchayat (the term later changed to 

2 The canal is used for irrigation but this canal irrigates agricultural land located on the east side only. 
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VDC), but later it divided again into 2 Village Panchayats. A big part of the agricultural 
land, belonging to the people ofSainbu VDC is located at a lower height than the canal, but 
the houses are scattered at the higher altitude. 

Khokana VDC consists ofabout 175 ha agricultural land. Since about 70 percent of the total 
beneficiary households, with about 250 ha agricultural land, belong to people from Khokana, 
the repair and maintenance, and the management of the irrigation system has become the 
responsibility of the people from Khokana VDC. Furthermore, a small village, called Sano 
Khokana within Khokana, VDC is also a member of the Khokana Irrigation System. 

The main cropping pattern is rice (paddy) during the monsoon season and wheat during the 
dry winter period; however, there is an increasing trend of cultivating vegetables or rapeseed 
( oil seeds) in recent years, though only in a small amount. The cultivation of crops depends 
on water availability and if there is a certainty of water during the dry period, the cultivation 
of paddy-vegetables or paddy-wheat is initiated, while the paddy-rapeseed is cultivated in 
case of the uncertainty of water. The double cropping of paddy-wheat is remarkable towards 
the upstream, while many farms limit with the paddy-rapeseed towards the downstream of 
the irrigation system. 

The nature of the soil along the canal is characterized as having a low water table and a high 
retaining (low seepage) quality. So after a single irrigation for the paddy, the water remains 
for about a month. Similarly, for wheat, it is assumed here that it is sufficient to irrigate only 
once due to the nature of the soil, as against three times according to the guidelines provided 
by the District Irrigation Office (DIO). 

Growing paddy in the agricultural land situated at higher altitudes is difficult than the 
irrigation canal, even in the rainy season. Growing rapeseed is therefore popular, and thus 
Khokana village is known as main supplier of rapeseed oil to Kathmandu. There are a 
number of oil expellers in and around the village. Four expellers are established jointly and 
three are privately owned, while five expellers exist in the neighbouring Sainbu VDC. 
Recently, the harvest of rapeseed is decreasing due to damage by insects. 3 As a result, some 
of the oil expellers have stopped operating. Again, the area under rapeseed cultivatior is 
also decreasing due to the temporary establishment of brick factories recently. The brick 
factories were established by borrowing agricultural land with water accessibility for about 
6 months in the dry season. Water is indispensable to brick making, and so the factory 
ground is moved in the quest for water. These brick factories are now exerting a big influence 
on the Khokana Water Users' Group.4 

3 The oil expelling mill located in the central part of the village is managed by a family for 30 years. 4-5 people 
can expel about 6 muri (I muri =54 kg) of the rapeseed in a day. With 90 kg ofrapeseed 7 pathi ( I pathi=0.57kg) 
ofoil is produced. The cost of rapeseed oil is Rs.30/kg or Rs.320/pathi. 

4 Rice production is said to have decreased in the farmland where a brick factory is temporarily built because the 
brick is made by utilizing the top soil. The farmer is paid Rs. l ,500per ropani of farmland lent for the brick 

factory. 
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In Khokana village, spinning wool and carpet weaving by the young and older women is 
also conspicuous. It is also the village of woollen yam and carpet.5 

The History of Water Users' Group 
This section deals with the history of the Water Users' Group, how and when it was formed. 
Until the mid 1960s, there existed the Dhalpa, or Dha (canal) Maha (leader) in the local 
Newari language, who is responsible for the maintenance of the canal and took charge of 
the distribution of water. 

During that period, the Dhalpas were allocated some agricultural land for their work. The 
area of the agricultural land provided depended on the quality of the land, that is, eight 
ropani/person in case of Awai (high quality land), l O ropani/person if it is Dwoyam (lower 
quality), 12 ropani/person if it is Seem (much lower quality), and 15 ropani/person if it is 
Chahar (the lowest quality) of land .6 The reasons for employing the Dhalpas were due to 
the facts that ( 1) the irrigation system is comparatively big, and (2) most of the beneficiary 
of agricultural land is concentrated towards the downstream portion of the canal. Due to the 
vast agricultural land downstream, water application in the upstream farms need to be 
monitored. Furthermore, it was thought that the Dhalpa was necessary for the water 
distribution work towards the downstream area and for the repair and maintenance work to 
prevent leakages. 

However, the Dhalpa does not have to work because of the land reform act of 1964, which 
enabled the Dhalpas to own the land lent to them for canal management work. Once they 
obtained the land for their own, they did not have to work as the Dhalpa. Because of this, 
the maintenance of the canal was taken over by the Village Panchayat, the local 
administration. Since then the farmers were required to pay a charge of one pathi paddy (2.5 
kg paddy) and four mana of wheat (I .4 kg wheat) in return for the water received from the 
canal for cultivation, regardless of the size ofland. Those who were given the responsibility 
to manage the canal would collect the charges of the paddy and wheat. Six people were 
employed of whom each two were made responsible for the upper, middle and lower part of 
the canal. The charge collected from people upstream was revised because they stopped 
participating in the maintenance of the canal, although they paid the same amount of charge 
as those from the middle and lower parts when the system was first introduced. According 
to the revised system, the households outside Khokana VDC have now to pay the charge of 
one pathi paddy and four mana of wheat per ropani of land instead of per household. The 
farmers ofThecho VDC located upstream can receive water as their land is located upstream 
even without their participation in the repair and maintenance, thus they lost incentive 
although they got to benefit from the work done by those from downstream. On the other 
hand, people from Sainbu village, located downstream did not also participate because the 
farmers from Khokana took all the trouble of managing the canal. It was also not possible to 

5 The charge of spun wool is Rs.25/1 kg. It takes about 2 days to spin I kg of wool. The producers' price ofa 

carpet, is Rs. 450/ m2, the selling price is Rs.2, 500/m2. 
6 Awai, Dwoyam, Seem and Chahar are the categories of land according to the quality. 
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establish two Water User Groups to manage the same irrigation canal just because of two 
different VDCs. Besides, Khokana and Sainbu VDCs originally belonged to the same village 
administration, but divided into two Village Panchayats in 1964. The main factor of this 
separation was the difference in ethnic groups, as Khokana was a Newar village while Sainbu 
was a non-Newar village. Almost all the farmers of Khokana belonged to the same group, 
which forms the Water Users' Group. Besides, people from Thecho and Bungamati VDCs 
also belong to the Newar ethnic group. Farmers from Sainbu village entrust the Water Users' 
Group of Khokana for maintenance and management of the irrigation canal because their 
farmland is also located in Khokana VDC. 

The management of the irrigation canal has been laid upon the VDC; however, a part of the 
canal has been concrete lined with the help of the DIO during the repair and construction 
work. The canal gets damaged frequently in rainy season, accumulating silt, while cleaning 
becomes necessary about seven days at a time. For cleaning of the canal, all nine Wards of 
Khokana VDC were given the responsibility to work one day each from upstream to 
downstream, and repeat it once if the cleaning was not complete. The VDC choose the 
Dhalpa until 1990 when the system collapsed. In those days the Dhalpas were selected from 
Chhampi, Bungamati because of the benefit that they monitor the situation upstream 
constantly. The official registration with the DIO in 1996 was mainly to receive support for 
repair and maintenance of the canal. Registration is a prerequisite for the DIO to provide its 
support. Therefore, the Water Users' Group was formally organized for the repair work. 
DIO provided about Rs.640, 000 under its SISP (Second Irrigation Support Project) .7 The 
fund was utilized to purchase materials, such as cement and hume pipes, while the farmers 
contributed their labour for the repair of the canal in the years from 1996 to 1998. The 
construction work consisted of the making of ( 1) gabion blocks by stacking stones in the 
metal wire net, (2) the concrete lining of the canal at the middle of the upstream, and (3) the 
small water gates to allocate water from the canal to farmland. 

The canal from the water gate to south of Bungamati, which is about 2 km at the upstream 
portion, is concrete lined as shown in the Figure 51.1. With the formation of the Water Users' 
Group, the involvement of the VDC with regards to the maintenance of the canal has not 
stopped but is cooperating in various forms. That is, it helps to (I) collect water charges, (2) 
provide the Water Users' Group a fund of three percent from land tax raised from the farmers, 
and (3) advocate to the DIO for a contribution to the irrigation system. The contribution 
from the VDC could be arranged because the people have elected the same VDC Chairperson 
as the Chairperson for Water Users' Group. The three percent contribution from the land tax 
was about Rs. 5,000 in the year 200 I. The Local Governance Act implemented in 1998/99 
provided the authority ofutilizing a part of the land tax by the VDC directly. In other words, 
the decentralization policy provides the authority the use of the local funds raised from the 
VDC in its development activities freely. Twenty five percent of the land tax should be 
submitted to the local Land Tax Office and the remaining 75 percent can be utilized in the 

7 ISP (Irrigation Sector Project) was initiated simultaneously with the ILC (Irrigation Line of Credit) as a Pilot 
Project towards the latter halfof l 980's with the loan from the World Bank and the Asian Development Bank. 
ILC was implemented in the three western development regions while ISP was implemented in the central and 

eastern development regions of the country. 
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VDC's development activities. The land tax of about Rs.25 and 60 paisa per ropani was 
raised according to the quality ofland.8 

Irrigation Canal Maintenance, Water Distribution and Collection of Charges 
While getting benefits from the canal, the farmers are expected to pay the charges in 200 I. 
As mentioned before, the charge differs from Khokana VDC to other VDCs. Farmers of 
Khokana VDC pay one pathi paddy and four mana wheat per household per year regardless 
of their land holding. The cost that the Khokana farmers pay is not equal to that being paid 
by the farmers from other VDCs. The reason is that all the burden of management has been 
taken by the farmers ofKhokana and the charge they pay was fixed in the past. Farmers of 
Chhampi, Bungamati and Sainbu VDCs pay one pathi paddy and four mana wheat per 
ropani per year instead of per household, since they do not participate in the cleaning, repair 
and maintenance work. 9 The rule of paying paddy and wheat for Khokana has not been 
changed from the past and the same rule has continued after the official registration of the 
group in 1996. The chairperson of the WUG fears that an opposition would come from the 
small farm holders since the charge was raised irrespective of the size of the farmland. 
Because the small farmer also bears the same burden as the big farmer, the charge system 
needs to be revised in the future. For example, most of the farmers paid the same charge in 
1999/2000. There are about IO households which did not pay the charges on the ground that 
they were not able to use the water. Yet in 2001, they will pay if they have access and use of 
the water. 

Until recently, the farmers ofKhokana VDC are obliged to provide labour contribution for 
cleaning the canal two times a year, that is, for sowing paddy in the spring and wheat in the 
autumn. In the past, the maintenance of the canal and water distribution depended on the 
people of Khokana. The cleaning of canal was done immediately after the sowing of the 
paddy seeds, about half a month before the paddy transplantation, and another time about a 
month before the wheat seeds sowing. The cleaning of canal requires a lot of labour when 
the canal is damaged due to a landslide because of the monsoon rains. It takes about one 
week for the maintenance of the canal without lining, while it requires about half that time 
for the canal with concrete lining. It was said that in a year with heavy rains, about 700 
farmers participated for four days to repair the canal. The cleaning of the canal was divided 
based on the ward. People from Ward 1 to 8 cleaned the canal from the upstream portion, 
while the people from Ward no. 9, Sano Khokana, cleaned the downstream canal. ID 

8 The organizations like District Cooperative Office (DCO) and District Agricultural Office (DAO) provide free 
advise regarding harmful insects, and respond to the consultation of diseases along with agricultural technology 
diffusion and the distribution of new varieties of seeds together with organizing the demonstration. 

9 Farmers from Khokana constitute the Dhalpa who collect the water charges starting from the full moon day in 
December from Thecho village, and they used to collect I pathi of rice (paddy) from about I 00 households. 

IO Sano Khokana as referred to Figure 51.1. 

On November 19, 2001 the cleaning of the head part of the canal was conducted by 16 male members. The 
cleaning of the canal includes the removal of gravel accumulated at about 30-40 cm and by digging up to about 
2 meters at the intake and surrounding. Besides, the work also includes the removal of grass along the sidewalk 
going towards the intake. Gravel is accumulated because the handle of the sluice was stolen and unable to open 
and close the sluice freely. To control the quantity of water comparatively big stones of the diameter of about 
20 cm are collected; however, earth and sand penetrate the canal. 
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Now the responsibility of cleaning and maintenance work was contracted out to a cultural 
music club, Thalachhe Dapa Khala (Thalachhe cultural music group), and the farmers do 
not have to participate in such activities since 2000. The cleaning work in the year 200 I was 
conducted only for three days due to low precipitation. 

The Thalachhe Dapa Khala is a group of people involved in traditional musical performance 
during the festivals as well as in wedding ceremonies in the village. The group consists of 
78 members, one per household, which has provided the responsibility of cleaning and 
maintenance work from the Dashain festival (October) in the year 1999. 

The Paddy and wheat collected from the beneficiary households as per the charge for water 
use from the canal goes to the cultural music group as their income for their work. Besides, 
the water use charge ofRs.3, 000/month from each brick factory is also collected as income 
for the cultural music group. This Group is supposed to manage the canal for five months 
for the brick factories for a payment ofRs.15, 000. Thus, total income from the three brick 
factories would be Rs.45, 000. 11 Thalachhe Dapa Khala collects the income as its funds and 
uses them to purchase new musical instruments, repair the old, and provide fees for the 
trainers during the trainings. The group converts the paddy and wheat collected from the 
farmers to cash by sales and deposits the money in the bank. The work of the group consists 
of ( 1) managing the canal, focusing on the portion without lining at the upper and middle 
areas, and (2) dividing the area into zones for the rotation of water distribution, and then 
implement the plan into action. Usually four people during the dry season and eight people 
in the rainy season from the group go around the canal checking for damage. Sometimes 
they go around even in the night, especially during paddy cultivation. A large surveillance 
labour force is necessary because they need to distribute irrigation water equally for the 
paddy plantation. In comparison wheat crop requires much less surveillance, as it requires 
less water. Water is distributed from the upstream towards downstream during paddy 
cultivation, at least once, for all the agricultural land. The harvest of the crops depends on 
the completion of the paddy transplantation. If the water distribution is not timely, paddy 
seedlings will grow too big before the transplanting. According to the WUG chairperson, 
they regulate the distribution of water from downstream for wheat cultivation, but it was 
observed that the farmers from the upstream portion used water freely even without the 
order. The Dhalpa does not disregard the rule to distribute the water downstream and send 
water at least once; otherwise the farmers will not pay if they cannot use water. On the other 
hand, the farmers seem to pay the charge to Dhalpa because they were aware that they will 
not get any water if they do not pay the charge. The distribution of water downstream was 
started only 8-1 O years ago. Prior to that, there were water disputes as they were enjoying 
free water. Why did the farmers come to be considered for the distribution of water towards 
downstream? 

11 Four brick factories have negotiated with the charge for the fiscal year 2001- 02. 
The contract with the Dapa Khala starts from Dashain, the festival of Nepal, and ends before the Dashain next 
year. However, the Dapa Khala has been entrusted the 2 consecutive years for the management of the canal. 
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The point is that there is a relation between the Dhalpa and the downstream farmers because 
if the farmers from downstream do not get water for wheat cultivation, they will then not 
pay the charge to the Dhalpa. If considerable number of farmers from downstream do not 
pay the charge, the Dhalpa cannot survive. Therefore, the Dhalpa makes an effort to distribute 
water downstream, where a majority of the farmers live. If the farmers do not consider the 
decision taken by the Dhalpas for water distribution, they will not be able to get water 
because 1) it will take time to decide because it involves discussion among all the farmers, 
and 2) the decision made by the Dhalpas were acceptable to the farmers for water distribution, 
3) the farms in the upstream portion do not have to depend much on wheat cultivation, 4) 
the farmers from the downstream portion have taken control of the canal cleaning as they 
hold a vast area of agricultural land that is dependent on water for wheat. 

Although the repair and maintenance of the canal has been entrusted to the Thalachhe Dapa 
Khala this year, this does not mean that they are contracted every year. The continuation of 
the contract will be decided only after the evaluation of their work performance and a 
discussion among the Water Users' Group members. 

The Impact on Agriculture production 
{l ) Sampling Survey of Agricultural Land 
A random sampling of agricultural land along the main canal was conducted to find out the 
change in agricultural production at the upstream and downstream portions after rehabilitation 
of the canal, as shown in Figure 51.1. The characteristics of the WUG is thatthe farmers are 
strong due to the fact that there are quite a number of farmers downstream with a vast 
amount of agricultural land. Altogether, 109 samples were selected after listing the farmers 
as shown in the Figure 51.1. The survey area ,was classified into zones l to 5. The upstream 
portion was classified as Zone 1. Zones 2 to 5 are located downstream. Table 51.1 shows the 
sampled households from the respective VDCs by zones. According to the Table, Zone I 
consists of 30 households, which do not participate in the repair and maintenance of the 
canal. Zones 2 to 5 consist of79 households. The downstream households are again divided 
into four zones according to the distance from the canal. One !Jousehold from Zone 2 and 
seven households from Zone 5 do not participate in the repair maintenance of the canal. The 
agricultural land managed by the farmers is not so big, and the average land holding is 
seven ropani per household (Table 51.2). 
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Table 51.1: Number of Farm Households as per Zone & VDC 

Zone ucb Households 

Upstream Bungamati 
Champi I 
Thecho 28 

Downstream 2 Khokana 22 
Kkokana 2 
Sainbu 

3 Kkokana 15 
4 Khokana 17 

Kkokana 1 
5 Khokana 14 

Sainbu 7 
Total 109 

Note J: Based on Farm Survey, 2001. 

Table 52.2: Farmland Scale 

Zone Households Managed Lane\ 

I 30 6.3 
2 27 7.5 
3 17 6.9 
4 17 9.2 
5 18 5.5 
All total 109 7.0 

Note: 

I. Based on field survey, 2001; 2.Unit in Ropani. I topani = 0.01 ha. 

(2) Change in Agricultural Land Use 
A change in agricultural land use can be observed with the rehabilitation and repair of the 
canal because the selection of crop for cultivation depends upon the availability of water. 
The agricultural land use and price of farm products are greatly influenced by the application 
of agricultural technology and fertilizer input. Besides the problem of labour distribution as 
well as profitability due to the cost of production, crop cultivation in the dry season is 
restricted by the availability of water. In Khokana, the double crop cultivation of paddy
wheat or paddy-rapeseed, is dominant. Compared to the vegetable, the dry season crops 
like wheat and rapeseed do not require plenty of water. Since the productive power of water 
in the dry season is extremely high, the farmers have an increased opportunity to select the 
kind of crops to cultivate if water is available. 12 

12 Though the irrigation water brings about the change of agricultural land use, on the contrary it affects the 
introduction of fertilizer for a high amount of crop production in general. The current survey focuses on the 
change in the cropping pattern before and after the rehabilitation of the canal. However, it has to be discussed 
at a different opportunity. 
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Table 51.3: Change in Farmland Use Pattern 

Croeeing eattern 
Before Reha After Reha Farmland Farmland area 

R(W) 26 69.8 
R (P) 8 24.4 
R(V) 3 10.8 

R(W) R(M) 3 6.5 
R(WV) 3 6.3 
R(WP) 2 6.0 
R(WM) I 0.9 
R<WMVl 1 3.1 
R(M) 14 47.3 

R(M) R(W) 2 5.5 
R(P) 1 3.9 
R<WM} 1 3.0 

R{V} R{V} 8 10.3 
R(WV) 7 18.6 
R(W) 3 9.1 

R(WV) R(MV) 2.3 
R(V) 1 2.0 
R(WM) 2 6.3 

R(WM) R(W) 2 5.4 
R 1 3.0 

R(MV) R(MV) I 1.2 
R(P) R(P) 2 6.5 
O(M) R(M) 3 5.6 

R{MO} I 2.0 
R(WMO) R(W) I 2.1 
R R 2 8.9 

R 1 2.0 
R 1.2 
R(V) 3.0 
R(WV) 2.3 
R 1.2 

NA R(W) 3.0 
RWY I 2.3 

Total 109 279.1 

Notes: 
I . Based on farm survey, 200 I . 
2. Unit in kitta, ropani. I ropani =0.05 I ha. 
3. R- Paddy, W- Wheat, P- Pulses, V - Vegetables, M - Mustard, 0 - farmer from other household, 

NA - not abailable, ( ) crops in dry season. 
4. The bold ones are cropping pattern of vegetables or pulses, underlined ones are the cases where vegetables are 

introduced. 
5. reha - rehabilitation of irrigation canal. 
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Table 51.3 shows the change in agricultural land use after the rehabilitation of the canal. It 
shows the change in the pattern of land use before and after the rehabilitation of the canal. 
The table gives a rough pattern of the agricultural land area under cultivation. The farmland 
here is the total area of the kittas (pieces) after the change into similar cropping pattern, and 
not the area of actual land with crops. The changed area mentioned here is the total agricultural 
area, and not the total area of cultivation. This is because the survey had been conducted 
during the dry period, and even if a fragment of agricultural land is used for growing multiple 
crops, it is not necessarily 100 percent that they are used for cultivation. It can be seen from 
the table that R (W) is having at higher cultivation pattern of paddy-wheat. This pattern of 
paddy-wheat cultivation is most representative of Kathmandu valley. Paddy cultivation 
utilizes rainwater during the rainy season, and water from the canal for growing wheat in 
the dry season. 

Next is the cropping pattern of paddy-rapeseed or R (M). Khokana village can be called an 
oil-producing village as they grow more rapeseed, which can be cultivated with an even 
less water supply. The traditional cropping pattern has been changed with the rehabilitation 
of the canal. As shown in Table 51.3, the most traditional cropping pattern of paddy-wheat 
is changing to the paddy-vegetables or paddy-pulses. Of the 52 parcels from R (W), 22 
parcels or 42 percent are changing from wheat to vegetable cultivation. The vegetables are 
potato, cauliflower, onion, coriander, garlic, broad beans, cabbages, radish etc. A total of 
three parcels marked by underline in Table 51.3 have stopped cultivating vegetables. The 
increase in vegetable cultivation is due to the certainty of water due to the repair of the canal 
and due to the high profitability of vegetables rather than wheat. The change from R (M) to 
vegetables cropping pattern was not observed and the cultivation of rapeseed oil is 
concentrated towards the downstream region. In any case, it is observed that the cropping 
pattern is changing from wheat to vegetables in the dry season. 

The change in cropping pattern and cropping intensity of each zone is shown in Table 51.4. 
It is clear from Table 51.3 that parcel 3 is indistinct with the cropping pattern even before 
the rehabilitation of the canal. This is because farmers are using agricultural land during the 
survey, which was acquired only after the rehabilitation of the canal. These three parcels 
were not included in Table 51.4 because there were almost no change in the cropping intens:ty, 
192 before the rehabilitation and 195 after the rehabilitation of the canal. The cropping 
intensity not exceeding 200 percent even after the rehabilitation of the canal means it is still 
at the traditional level of standard 200 in this valley. The cluster of Zone 5 shows improvement 
as the cropping intensity increased from 184 to 198. The wheat cultivation area has gone up 
substantially after the rehabilitation of canal in Zone 5 during the dry period. In addition, 
the increase was observed mostly in the cultivation of green peas rather than vegetables. In 
local Nepalese language, the green pea is called Sano Kerau. The increase of green peas, 
compared to wheat, in the recent years was because it requires less fertilizer and is relatively 

more profitable. 
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Table 51.4: Change in Farmland Use Pattern 

Rainy season Dry season 

Zone Households Area Paddy Wheat Mustard Other Area covered Cropping 

by crop intensity 

28 63.9 63.9 43.7 8.2 5.0 120.9 189 
100 68 13 8 

2 27 74.6 74.6 61.9 0.6 6.9 144.0 193 
100 83 1 9 

3 17 44.4 44.4 26.1 2.3 14.1 86.9 196 
100 59 5 32 

Before 4 17 49.2 45.2 6.8 41.1 5.4 98.4 200 
92 14 84 11 

5 17 40.6 39.3 13.3 20.9 1.3 74.8 184 
97 33 52 3 

Total 106 272.7 267.4 151.7 73.1 32.7 524.9 192 

28 63.9 63.9 20.9 10.0 24.7 119.4 187 
100 33 16 39 

2 27 74.6 74.6 54.9 0.4 17.7 147.6 198 
100 74 1 24 

3 17 44.4 44.4 8.1 2.3 32.2 86.9 196 
100 18 5 73 

After 4 17 49.2 48.8 12.4 34.6 1.7 97.5 198 
99 25 70 3 

5 17 40.6 40.6 18.8 18.8 2.0 80.2 198 
100 46 46 5 

Total 106 272.7 272.3 115.0 66.1 78.2 531.6 195 
1 100 42 24 29 

0.48 1.21 4.41 0.99 -2.2 
2 1.00 0.89 0.78 2.56 1.03 4.8 

Rate of 3 1.00 0.31 1.00 2.28 1.00 0.0 
change 4 1.08 1.83 0.84 0:32 0.99 -1.8 

5 1.03 1.42 0.90 1.52 1.07 13.4 
Total 1.02 0.76 0.90 2.39 1.01 2.5 

Notes: 
1. Based on field survey, 2001. 
2. Unit in Ropani =0.051 ha The number below total are the ratio of farmland area cropping area(%). 
3. Rate of change cropping area, cropping intensity before and after rehabilitation. 
4. Three samples are excluded as the cropping area before rehabilitation is not available. 

The cropping intensity in Khokana Irrigation System is a little less than 200 percent, which 
is a traditional level in the Katmandu valley. The cropping pattern of the Shalinadi Irrigation 
System ofa Sankhu village is shown in Table 51.5. Farmers here cultivate three crops in a 
year around upper and middle part of the canal and the cropping intensity reach almost 300 
per cent. In Sankhu village, 68 out of99 farms surveyed or 69 per cent, which is 40 per cent 
of the total farmland, has cropping pattern of paddy-summer potato-winter potato. Intensive 
farming is progressing in Sankhu village where the Water Users' Group has not been formed. 
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Table 51.5: Cropping Pattern According to Land Location around Canal 

Description Cropping Pattern Kitta/pareels Area (ha) Ratio(%) 

Upstream Paddy-summer po-winter po 20 2.82 23 
Paddy-wheat 4 0.29 2 
Paddy-winter potato 3 0.24 2 
Paddy-summer potato 2 0.48 4 
Other 2 0.07 
Sub-total 31 3.9 32 

Midstream Paddy-summer po-winter po 23 2.21 18 
Paddy-winter potato 6 0.78 6 
Paddy-wheat 2 0.27 2 
Summer potato 2 0.36 3 
Paddy-summer potato I 0.03 0 
Other 3 0.28 2 
Sub-total 37 3.92 32 

Downstream Paddy-wheat 22 3.51 29 
Other 4 0.51 4 
Paddy-winter potato 3 0.38 3 
Summer potato 0.03 0 
Other 0.06 0 
Sub-total 31 4.49 36 

Total 99 12.31 100 

Note: Based on field survey, 2001. 

It is clear from the previous discussion that there is a change in the cropping pattern, from 
wheat to something else upstream, and the increasing cultivation of wheat downstream during 
the dry season. The effect of the canal rehabilitation is remarkable in the upstream region 
with the shift to vegetable from the traditional cropping pattern, while it is only the expansion 
of traditional cropping pattern towards the downstream and not necessarily the increase in 
the cropping intensity. Furthermore, it is observable that the shifting from wheat to other 
vegetable crops is big in the upstream region. In addition, with the rehabilitation of the 
canal, the area under cultivation increased about 4.9 times in Zone 1, 2.6 times more in 
Zone 2 and 2.3 times in Zone 3, but it is decreasing in Zone 4. For example, the farmers 
upstream were able to grow wheat because of the early paddy harvest, thus vegetable 
cultivation towards the upstream region can be observed in the dry season more frequently. 
Vegetable cultivation seems to be increasing after the rehabilitation of the canal. When 
paddy is harvested early, there is a greater chance of crops selection in the following 
cultivation. The farmers downstream started sowing wheat seeds only after the later half of 
October in 2001 while farmers from upstream, Thecho, have already finished sowing along 
with the first irrigation. Again the upstream farmers diversify their cropping pattern by 
sowing coriander in their farmland. 

The factor that brought about a big change in the cropping pattern towards the upstream 
than the downstream was, first, of the differences in the accessibility of water. Although 
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after rehabilitation of the canal, there was still risk in terms of having availability of secured 
water for the farmers located downstream Khokana village. Comparatively it is safer to 
grow wheat or rapeseed requiring less water instead of vegetables. This factor is especially 
big in Zones 4 and 5. 

Second, with the delay of the monsoon rain, paddy transplantation could be delayed by one 
month downstream than in the upstream portions. The delay of the paddy transplanting 
downstream affects the sowing of wheat and causes late harvest in the hot mid-summer, 
which also affects production. Therefore, the trend of selecting rapeseed growing is increasing, 
however, the crop selection in downstream is narrow. 13 Zones 4 and 5, though located towards 
the downstream region do not depend on the irrigation from the canal but due to its location 
near the Bagmati River uses a lift pump to complete paddy the transplantation. Out of 109 
households, two households from Zone 3, eleven from Zone 4, and five from Zone 5 use a 
water lift pump from the Bagmati River. 14 

Third, the farmers from downstream grow a better kind of rapeseed to prevent livestock 
from the surrounding villages grazing the crop. If wheat is cultivated, it will be eaten right 
away. 

Fourth, it is difficult to grow vegetables if the farmland is far from their house. Although the 
cultivation of vegetables is increasing, it is limited to farms near their settlements because 
of factors such as the prevention of theft, transportation of compost and the concentration of 
labour. Therefore, it is difficult to grow vegetables in Zones 4 and 5 that are far from their 
houses. 

(3) Change of Accessibility to the Water Resources 
The change in accessibility to irrigation water due to the rehabilitation of the canal is 
considered here (1) Whether adequate amount of water is available or not, (adequacy), and 
(2) whether there is water when the farmers want to irrigate (or timeliness). Water is used 
for paddy transplanting during the monsoon season and wheat cultivation during the dry 
season. Table 6 tries to answer the question of how the accessibility of water has changed 
due to the rehabilitation of the canal. According to Table 51.5, both the quantity and timing 
of water availability has improved. The change was seen from the result that 18 households 
out of 61 replied "sufficient" on the quantity, while secured water availability was 
'insufficient' before the canal rehabilitation. Similarly, 11 households out of26 changed to 
"sufficient" from 'insufficient' for wheat cultivation in dry season. Regarding the use of 
water during the rainy season, 20 out 46 households have a suitable water supply for the 
paddy plantation, and 9 out of 15 households have a suitable water supply for wheat 
cultivation. As a result, the majority of those sampled considered water only for wheat 
cultivation during the dry season. It can also be assumed that this is also true for other 
crops. The repair of the canal also resulted in less uncertainty on paddy production. 

13 The farmers would want to finish the paddy harvest before the Dashain. Then after the Tihar festival, they 
involve in the sowing of wheat. In this downstream area, rapeseed sowing is conducted from the later half of 
October to mid November. The harvest is done from about 4th week of March to mid April. 

14 The charge for borrowing the water pump is Rs. I 00 per hour including fuel. 
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Table 51.6: Change in Accesibility to Irrigation Water 

Before reha Aferreha No. of replies (households) 
Rainy (paddy) Dry (wheat) 

Adequate NA 0 11 
Adequate 39 21 
Not adequate 2 0 

Volume of water Not adequate NA 0 12 
Adequate 18 11 
Not adequate 43 15 

Timely NA 0 11 
Timely 53 32 
Not timely 2 0 

Time NA 0 
Not timely Timely 20 9 

Not timely 26 6 

Note: Based on field survey, 200 I; reha: rehabilitation of irrigation canal. 

(4) Canal Rehabilitation and Benefit 
The farmers were asked about the extent of the benefits they received with the rehabilitation 
of canal as compared with the expenses they pay for the water use. About 36 per cent of the 
farmers answered that they received benefits from the payment for the water, and 4. 7 per 
cent of the farm households responded as to receiving no benefits. It is thought that most 
farmers are satisfied with the canal rehabilitation (Table 51. 7). 

Response 
Percentage 

Table 51.7: Extent of Benefit Received after Canal Rehabilitation 

Much more 

38 
35.8% 

Same as before 

62 
58.5% 

Less 

5 
4.7% 

NA. 

0.9% 

Total 

106 
100.0% 

Note: I. Farmers were asked the extent of benefit they received compared to what they pay as water use fee. 
2. Farm survey in 200 I . 

Table 51.8: Perceived Benefit Type 

Increased production 
Risk reduction 
Possibility to grow many kinds of crops 

Note : Farm survey in 200 I. 

Yes 

33 
21 
16 

% 

31.1 
19.8 
15.0 

Table 51.8 shows the percentage of responses regarding the satisfaction of the benefits as 
they perceived. Twenty per cent responded that production has increased, 30 per cent 
responded they were happy because the risk was reduced to grow crops, and 15 per cent 
responded that they have an opportunity to select various types of crops. However, 31 per 
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Fertilizer 
HYV 
Agriculture chemicals 
Labor 

Note:Fann survey in 2001. 

Table 51.9: Changes in Agricultural 

Yes 

37 
18 
8 

44 

Table 51.10: Changes in Yield after Canal Rehabilitation 

Zone I, 2 Zone 3, 4, 5 

Rice n 52 46 
Difference 0.134 -0.248 

Wheat n 31 15 
Difference 0.167 -0.032 

Mustard n 2 20 
Difference 0.192 

Note: 
I. Unit: muri/ropani. 
2. Differences in yield before and after canal. 
3. n is the sample number. 
4. According to the t test none of the yield differences are significant. 
5. One muri paddy, wheat and rapeseed are 50, 56 and 54 kg respectively. 
6. Farm survey in 2001 

% 

34.9 
16.9 
7.5 

41.5 

cent of the farm households answered that production increased due to the rehabilitation of 
canal, and that it can be expected that there is still room for improvement in increasing the 
production. 

As shown in Table 51. 9, the introduction of High Yielding Variety (HYV) seeds is still low 
although the accessibility to irrigation water was improved by the rehabilitation. Similarly, 
the use of fertilizers has not increased production as expected. It is thought that HYV and 
fertilizers have not been introduced because of the cash requirement. The farmers in turn try 
to increase production by the use of more labour, which does not require cash. It can be said 
that irrigation water and labour are complementary to each other. Thus, the behaviour of 
such farm households affects the acceptance in the change of crops. Table 51.10 shows the 
change in the yield of paddy, wheat, and rapeseed. Although it could be seen that there is an 
increase in production in Zones 1 and 2, the t test, shows that the yield difference is not 
statistically significant. 

Therefore, it can be concluded that although canal rehabilitation has not affected the increase 
in production of paddy and wheat, it has brought about change in the introduction of vegetable 
cultivation in the upper zone, and is labour saving. 
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Conclusion 
The rehabilitation of the Khokana irrigation canal has passed seven years. After the repair 
and construction work of this canal, some of the farmers were able to use the water sufficiently 
and timely. The rehabilitation of the canal has increased the certainty of water availability 
or assured irrigation. As a result, the effect of the canal rehabilitation is observed from the 
aspect of the change in agricultural land use, although the introduction of vegetables in the 
dry season is still trifling. It became clear that the upstream region gets more benefit than 
the downstream region. However, the cropping intensity has not increased much from the 
traditional cropping intensity. 

This paper attempted to explain some of the reasons for slow progress in vegetable cultivation 
in the downstream region. The collective action of the farmers is necessary to manage such 
a big irrigation system. The Water Users' Group is mainly responsible for organising repair, 
maintenance and management of the irrigation canal as a local public good. The Khokana 
Water Users' Group, formed informally in the past, is responsible for water distribution, 
maintenance, and the collection of the fees from the users. In recent years, the cultural 
music group from the village has been entrusted and contracted for the maintenance as well 
as the collection of fees from farm households and the brick factories. The function of the 
Dhalpa became indispensable because of the existence of a vast agricultural area in the 
downstream region and the transport of water from the upstream, along with the collection 
of fees from the user households. However, the Khokana Irrigation System has also some 
imperfections. As for the maintenance, the major branches were not well managed, although 
the maintenance of the main canal is carried out systematically. Due to lack of branch and 
tertiary canals, it has become difficult for some farmlands, which are located away from the 
canal, to get water from it, and they have to get water through some other private farmlands. 
Thus, the decrease in the amount of crops harvested is also seen in some cases because of 
the imperfect drainage. The rehabilitation is only on a part of the main canal and so far 
incomplete for the whole irrigation system. It is said that the lack of capital governs the 
maintenance and management of the canal at the present. 

Secondly, although most of the farmers were happy with the rehabilitation 15
, the low 

cultivation of vegetables and the less use of HYV and fertilizers show that the farming 
practices have not changed much from the old practices. Thirdly, the farmers are restricted 
from having a flexible water use because the Water Users' Group controls the water 
application. For example, a water application is tied to the social restriction and the cleaning 
of the canal to be carried out just before the wheat cultivation, even if the profitability of the 
potato is high. Khokana village cannot respond to the price rise of the potato yet as compa~·ed 
to Sankhu village with the Shalinadi Irrigation System. It is conceivable that because there 
is no restriction for the farmers upstream in Sankhu village, farmers can cultivate crops 
three times a year. The Khokana Irrigation System is one of the canals having a regular 

15 Besides there should be a policy to prevent the grazing oflivestock in the fields and other factors like (I) not to 
break the soil into minute pieces to avoid eating of seeds, and (2) sow a large quantity of rapeseeds so that a 
substantial amount will grow even after being eaten by cattle in the beginning. 



726 Tokumi Kondo, Fumio Osonomi, Anita Monondhor and Neeroj N. Joshi 

social restriction where free water application by the individual farmers is restricted. As for 
future research implications, it is neccessary to identify the appropriate organisational set 
up, incentives and water use system that would encourage better usage of water. 
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