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ABSTRACT

Although Pakistan owns one of the largest gravity flow irrigation system in the world, yet the shortage of water is noticed acutely in agricultural sector due to the growing population of the country. It is therefore, essential that water should be used on crop water requirement basis and other irrigation water resources like spate irrigation may be initiated wherever possible. 

Keeping in view the benefits of spate irrigation, the present study was therefore planed to assess rainwater harvesting techniques and to evaluate productivity and profitability of spate irrigation. The study was conducted in Deh Desvi, Taluka Thana Boula Khan, and District Jamshoro. (See fig 3.1).  The detail survey was conducted and found 26 progressive farms in the study area. Randomly two farms (Motio Khan and Siddique Baplani) were selected out of 26 farms. The farms were located in the north of Thana Boula Khan town at the distance of 6 kms (see fig 3.2).  Total area of both farms was measured 18 hectares and catchments area was 225 hectares. 

To achieve first objective the interviews and physical survey was conducted from the local farmers and Revenue department of Thana Boula Khan. During the survey different rainwater harvesting techniques were recorded and compiled in tabular farm. 

In the second step the detailed rainfall data from 1987 to 2005 was collected. The study focused on rainfall, volume of water received through runoff, cultivation of land, yield, expenditure incurred for the cultivation of farm and income generation. The detailed discussion is given in chapter 4. 

The findings have indicated that land holding is very high but the cultivated area is very small due to less and untimely rainfall in the area and lack of other resources. 

Traditional techniques such as periphery bunds were being used to store & divert                                                 the runoff for moisture conservation. Until 2006, no proper run-off water of storing system was developed by the local farmer’s, or Sindh Government in the area, but from 2007 the PARC has been working on it and have developed structures for proper measuring and harnessing the Spate irrigation system on small scale in the study area. 

 In 2005, total rainfall received was 8.75 mm, land cultivated was 4 hectares expenditure incurred Rs.79950 and net income was Rs. 17175 or Rs.4428/ha.In 2006, total rainfall received was 344.66 mm, land cultivated was 9 hectares and   expenditure incurred was Rs.60820, but the income was zero because heavy rain and improper management and unavailability of structures washed out all inputs.   

In 2007, some structures were constructed. In spite of heavy rainfall which was 323.70 mm, much of rain water was properly utilized and more area was brought under cultivation. The net income received was about Rs.39634/ha which was 10 times more then income of year 2005. Similarly in 2008, the net benefit accrued was Rs. 45942/ha. 
CHAPTER 1

INTRODUCTION

      1.1 Back ground

Spate irrigation is an ancient form of water management that is unique to semi-arid environments. In Pakistan, it is referred to as Rod-Kohi, with Rod meaning torrent bed and Kohi meaning mountain. Rod-Kohi is a system of irrigation in which the water from flash floods from the mountains is used for irrigating the foothill plains. 
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Fig: 1.1 Spate Irrigated Area
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It serves local farming systems, rangelands as well as drinking water supply-either directly or through the recharge of shallow aquifers. Because of its reliance on floods as the source of water it is inherently risky and uncertain. Even then in many semi-arid areas spate irrigation is the most cost-effective way to retain and store water. Improvements in soil and water management, agronomy and governance have considerable potentials to increase water productivity and enhance livelihoods in some of the most poverty stricken areas of Pakistan.
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Fig 1.2 Spate irrigation Region of Pakistan

The Rod-Kohi irrigation system in Pakistan is the second largest system after the Indus Basin irrigated agricultural system. It could possibly date back to the Mehergarh civilization, which archaeologists say could be as old as 9000 years. And whose remains have been found in Balochistan province. In the North West Frontier Province (NWFP) and the Punjab the first spate irrigation systems were developed in 300 BC (PARC and META META 2007). 

This type of agriculture is very risk-prone, however and requires high levels of co-operation between farmers to divert and manage the distribution of flood flows. The uncertainty stems from the unpredictable numbers, timing and volumes of floods, the occasional very large floods that wash out diversion structures and the frequent change to the Rod channels from which the water is diverted. The spate farming system in Pakistan is very important since it grows crops used in animal feed for livestock all over the country. Spate areas have also developed special local breeds of cattle and poultry. The spate irrigation system in Pakistan also has enormous potential. According to conservative estimates, a significant amount (more than 50%) of floodwater is allowed to escape and flow into the Indus River each year. 

The potential area under the Rod-Kohi system in Pakistan today is around 4 million hectors; out of which around 1million hectares are commanded every year. This is estimated to be almost 10% of the entire irrigated area of Pakistan, the average annual water development potential of these ecologies is about 19 MAF, which is about twice of the current storage capacities of major reservoirs in the country. The Rod-Kohi farming system is mostly practiced in Kohat, Dera Ismail Khan (NWFP), Dera Ghazi Khan, Rajanpur (Punjab), Larkana, Jamshoro, Dadu (Sindh) and Barkhan, Lasbella of the province of Balochistan. The largest area under the Rod-Kohi farming systems is in Balochistan followed by the NWFP, Punjab and Sindh (NESPAK 1998).

Table 1.Estimated Area under Spate Irrigation
	Country
	Year
	Area under Spate Irrigation in Hectares
	Source

	Algeria
	2008
	53,000
	Anonymous

	Eritrea
	2004
	16,000
	Haile (2005)

	Ethiopia
	2007
	140,000
	Alemehayu (2008)

	Iran
	2008
	450,000 – 800,000
	Kowsar (2008)

	Morocco
	2008
	79,000
	Oudra (2008)

	Pakistan
	1999
	640,000 – 1,280,000
	NESPAK (2001), Ahmed (2008

	Somalia
	1984
	150,000
	FAO Aquastat (www.fao.org)

	Sudan
	2007
	132,000
	UNEP (2007)

	Tunisia
	1991
	30,000
	FAO Aquastat (www.fao.org)

	Yemen, Rep. of
	1999
	117,000
	World Bank (1999)

	Mongolia
	1993
	27,000
	FAO Aquastat (www.fao.org)

	Kazakhstan
	1993
	1,105,000
	FAO Aquastat (www.fao.org)

	Kyrgyzstan
	1994
	0
	FAO Aquastat (www.fao.org)

	Tajikistan
	2002
	0
	FAO Aquastat (www.fao.org)

	Turkmenistan
	1994
	0
	FAO Aquastat (www.fao.org)

	Uzbekistan
	1996
	0
	FAO Aquastat (www.fao.org)


(Source: PARC and META META 2007)

In Sindh, the most established area under this system of irrigation lies in Khirthar range catchments area 16058 km2, Karachi 3056 km2, Dadu and Jamshoro 13200 km2. (Choudhry Mohammad Rafiq, 2001)

Simple structures constructed from sand, stones and brushwood are used on the beds of the normally dry Rods or Nai (local name of spate) to divert the flash spate floods running off from the mountains catchments. Flood flows, usually flowing for only a few hours with appreciable discharge, and with recession flows lasting for only one to a few days, are channeled through field irrigation channels and trail dikes, which have been prepared for the irrigation of the fields by farmers. The bunded fields are flooded to depths of half a meter or more and when the field is fully flooded, the water is allowed into the adjoining fields. This system of diversion continues till either the flood flows are completely exhausted or all the fields are filled.

Subsistence crops, often sorghum, sesame, pulses, maize and cluster bean are planted only after irrigation has occurred. Crops are grown from one or more irrigations using residual moisture stored in the deep alluvial soils formed from the sediments deposited from previous irrigation. Spate systems rely on nutrients transported with sediments from upstream catchments to maintain fertility. 

Thana Boula Khan spread over western mountainous tracts of Sindh and is depending upon rain fed agriculture. Its population of low density with about 20 persons per sq. km struggles hard to earn for subsistence living. Periodical droughts and famine afflict the tract in the freak seasons of low rainfall and run-off (Soomro.A.G. M.E 2007). 

Spate irrigation is a subsistence activity, with low returns, generating highly variable incomes between good and bad years, and requires very high inputs of labour to maintain intakes, canals and field systems.
At present little guidance is available to development agencies, irrigation departments, Non-Governmental Organizations (NGOs) and consultants concerned with improving or developing spate systems. These guidelines are a first step towards improving this situation, by describing the strengths of traditional systems, and the approaches that have resulted in both successful and unsuccessful spate irrigation improvement projects.
1.2
Objectives of the study
The main objectives of research study are:

To assess rainwater harvesting techniques in study area.
To evaluate productivity and profitability of spate irrigation.
CHAPTER 2

REVIEW OF LITERATURE

Haile A. M. (2007) explains that the system relied on earthen and brushwood structures and customary water rules to support subsistence livelihoods of the poor Wadi Laba communities. The research further analyses the effectiveness of a new headwork and contemporary water laws centered on water management reforms in order to increase the production and the standard of living. Most of the reforms have underperformed due to an inappropriate technical package, a misconception that spate water rules are fixed entitlements, inadequate regard to salinity, sodicity and nutrient management, and lag in institutional development. The consequences comprise a reduction of cultivation in a third of the 2600 ha irrigated area, potentially 50% yield reduction due to salinity and nitrogen deficiency, and severe sedimentation in the canals and structures.
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Mehari A. et al (2006) stated that the unpredictable and potentially destructive floods are currently the only source of irrigation water used to grow sorghum and maize on about 2600 ha. From about 1900 to 2000, farmers harnessed floods with indigenous brushwood and earthen dams. Large floods frequently damaged the structures. In 2000, the Government of Eritrea installed a concrete headwork. The objective was to divert large floods of up to 265 m/s and to irrigate annually all the Wadi Laba fields thereby doubling production. This was done without considering the potential salinity problems. In 2002 and 2003, we determined the salinity of the floodwaters and found that it increased with the flood discharges. For floods that exceed 100 m/s, the average root zone salinities, estimated for leaching fractions ranging from 0.1 to 0.3, could result in yield reductions; particularly for maize the yield reduction ranges from 30 to 100%. The main conclusion to be drawn from the study is that the water management reforms cannot double crop production (especially of maize) unless the management and allocations of floodwaters takes into account the need to control soil salinity.

Mehari A. et al (2005) (a) explains that the Spate irrigation is a method of harvesting and managing floodwater, which is unpredictable in timing and volume. In the spate-irrigated area of 16 000 ha in Eritrea, the farmers have for decades used brushwood and earthen diversion and distribution structures, locally known as Agims and Musghas, to harness and share the floodwater. Although these practices managed to make the systems sustainable for the past 100 years, they failed to fully mitigate the unpredictability of the floodwater and relieve the farmers from poverty. With the aim of improving living conditions.

Mehari A. et.al (2005) (b) stated that only source of irrigation water in the Wadi Laba (ephemeral stream) spate irrigation system is the flood, which is highly unpredictable in occurrence and amount. It frequently damages the brushwood and indigenous earthen structures, locally known as agims and musghas, making or construction and maintenance, and "fair" water distribution, key elements for the system's "sustainability". For the past 10 decades, the Wadi Laba farmers have used a number of indigenous water management practices to cope with the construction and maintenance requirements and the need to distribute the floodwater "fairly" within and between the upstream and downstream fields. They have introduced the "full farmers' participation" principle, which obliges each farmer to participate in the (re) construction and maintenance of any damaged structure, regardless of whether or not that structure affects the delivery of water to his/her field. To achieve "fair" water distribution, they have formulated and implemented rules, which among other things, give the tail-end farmers absolute priority water rights to large manageable floods and restrict the rights of the head-end farmers to small floods. These efforts have, however, not been sufficient to enable the farmers to meet their annual food and fodder needs. Hence, as a supplementary livelihood strategy, they have seasonally migrated to the highlands in search of a grazing area for their livestock, and to cultivate their small (less than a hectare) rain fed fields. Nonetheless, this migration coincides with the flood season, making most (re) construction and maintenance, and water distribution activities, more difficult to carry out. To minimize the problem, the farmers have established "effective" organization, led by "strong" leaders that allow short communication lines. Farmers who migrate to the same villages are organized into the same sub-groups, and migrations are arranged on a rotational base, so that there are always some farmers on the ground to look after the flood and to communicate timely with their village colleagues in the highlands, when additional labor is necessary. The paper discusses in detail these management practices and their impact on the livelihood of the farmers.

 Tesfai M. (2002) expressed the Spate irrigation is a system used for wetting land prior to planting. Use is made of seasonal rivers (wadis) producing flash floods in the uplands, which are directed by structures to irrigate fields in the lowlands. A land suitability system for spate irrigation schemes in Eritrea was studied in the Sheeb area of Eritrea with and without land improvements. The availability of floods and soil moisture were the major land use requirements for spate-irrigated sorghum and maize, while salinity hazard has only a minor effect in spate irrigation systems. The suitable land for spate irrigation in the Sheeb area is distributed as follows: 16% is highly to moderately suitable, 24% is moderately suitable and 17% is marginally suitable. Approximately 40% of the study area was found to be currently unsuitable for spate irrigation mainly due to a lack of floodwater and poor soils. With improvements to the spate irrigation system, such as construction of permanent flood diversion structures, the area ofland suitable for spate irrigation will expand. The land suitability system presented in this study could be applied in other spate irrigation schemes of Eritrea and perhaps in other countries also.

 Tesfai M. and Sterk, G. (2002) explained the sediment inputs on the spate irrigated plots decreased downstream even though the runoff volumes in the wadis Laba and Maiule were high. This suggests that in the future, organic fertilizers (like manure, crop residues, etc.) could be needed to sustain productivity of spate-irrigated soils; certainly when soil and water conservation practices are more widely applied in the highlands. From the magnitude of the measured sediment input (averaging 143 t/ha in the three plots), the risk of excessive sedimentation and extreme field level rise seemed to be low. It is concluded that the advantages of sedimentation outweigh the disadvantages as far as the spate irrigation system in Sheeb area is concerned. 

Hadera M. T. (2001) have explained that the main problem of spate irrigation system is water shortage mainly caused by irregular rainfall in the highlands of Eritrea and the breaching of the irrigation structures ('agims' and 'misghas') by destructive big floods. The dominant types of soil in Sheeb area are the Fluvisols (spate irrigated soils), which are high in available phosphorus and available potassium, but relatively low in total nitrogen and organic matter content. Nutrients are eroded from the highlands, transported by seasonal streams (wadis) and eventually deposited on spate irrigated fields via sedimentation. This annual sedimentation on the fields enabled the farmers to harvest a crop without application of fertilizers since the last 100 years of spate irrigation practices. A nutrient balance study has revealed no soil mining. However, to improve the nitrogen and organic matter contents of the spate soils, farmers should use the manure that is produced by their livestock. With better levelling, farmers can maintain a uniform water distribution over their fields. Of the total area of Sheeb (8000 ha), approximately 3160 ha of land was classified as highly and moderately suitable for spate irrigation. When the flood diversion structures (at wadis Laba and Maiule) are made more permanent an additional 2000 ha of land can be irrigated. In general, the spate irrigation production system is a relatively cost effective system provided that the irrigation structures are properly maintained at low cost and the fields receives enough water and nutrients.

Tesfai M. and Stroosnijder, L. (2001) stated that approximately 14000 ha of this 5 million ha area was developed under a form of spate irrigation known locally as jeriff. This is a water diversion and spreading technique in which wadi’s (ephemeral streams), springing from Eritrea's Central Highlands are diverted to irrigate land in the coastal plains. The system as it is applied in Sheeb, an area northeast of Asmara, characterized by agro-pastoral spate irrigation, is described. Under spate irrigation, crop growth is entirely dependent on the residual soil moisture stored in the soil profile. If the basin fields are flooded adequately, the resulting residual soil moisture is sufficient for two or sometimes three crop harvests. The spate irrigation system builds up land by depositing rich sediment on the fields, but therefore, the elevation of the irrigated lands rises every year. Moreover, the system requires huge numbers of trees annually for constructing diversion structures, which are subsequently often washed away by heavy floods. In general, the overall irrigation efficiencies of spate schemes are only approximately 20% because of the difficulty of controlling floods and because water is lost by percolation, seepage and evaporation. Suggestions are made to improve the system and make it more sustainable: permanent flood diversion and distribution structures should be built to effectively divert the floods and to reduce water loss through percolation and seepage, and the basin fields should be properly levelled to distribute the floodwater uniformly over the entire field.

Mehretab Tesfai and Graaff J. de (2000) have explained that the Sheeb area in eastern Eritrea a Participatory Rural Appraisal (PRA) was carried out in two villages, one upstream and one downstream of the ephemeral rivers Laba and Mai-ule. The objectives of the study were to obtain a better understanding of farmer-managed spate irrigation systems and to enable the local people to perform their own farming system analysis. This paper describes the various PRA activities, such as mapping, diagramming and ranking of problems that were undertaken with the participation of local people. The resource mapping revealed that lack of water and not scarcity of land is the main constraint affecting the development of the spate irrigation system in the Sheeb area. When there is a lack of rainfall in the highlands of Eritrea, there are only few floods per year in the Sheeb area. The development trend diagrams showed that the number of floods, the food production and the prevalence of pests vary considerably over time. The livelihood diagrams indicated that food, fodder, and water were only available during part of the year. In search of these resources, the farmers have developed a livelihood strategy of seasonal migration to the highlands of Eritrea. The PRA data collected in the two villages appeared to be very useful for the preparation of community action plans in the entire Sheeb area.

CHAPTER 3
MATERIALS AND METHODS
3.1
Study area 

The study was conducted in Deh Desvi, Taluka Thana Boula Khan, and District Jamshoro. (See fig 3.1).  The detail survey was conducted and found 26 progressive farms in the study area. Randomly two farms (Motio Khan and Siddique Baplani) were selected out of 26 farms. The farms were located in the north of Thana Boula Khan town at the distance of 6 kms (see fig 3.2).  Total area of both farms was measured 18 hectares and catchments area was 225 hectares. 

To achieve first object the interviews and physical survey was conducted from the local farmers and Revenue department of Thana Boula Khan. During the survey different rainwater harvesting techniques were recorded and compiled in tabular farm. 

In the second step the detailed rainfall data from 1987 to 2005 was collected. The study was compiled on the basis of data collection of rainfall, volume of water received through runoff, cultivation of land, yield, expenditure incurred for the cultivation of farm and income generation detailed discussion given in chapter 4. The detail of data collection was designed as a base of study and the study was compiled from data collection from 2005 to 2008.  The fact and figures were highlighted of the above discussed period and then study was compared with each year. 
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Fig. 3.1 Map of Deh Desvi Thana Boula Khan
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 3.2 
Collection of Secondary data (2005-2008)
  Rainfall (PARC)
  Land use from Revenue department, and PARC.
 3.3 
Collection of primary data

Physical survey 
· Crop data

· Cropping pattern

· Rainwater harvesting techniques.
· Interviews from the local farmers through questionnaires 

In the spate irrigated areas different types of the practice for rainwater harvesting is being done by the local farmers.

They are developing their own techniques day by day based on experience to cultivate the land as much as possible. In the area much land was cultivated through runoff and rest of them were cultivated through dug well, deep well. Some major techniques are given below.

· Construction of Periphery Bunds 

· Construction of Mud, Stone, brushwood,(temporary) and Dikes to control and  divert runoff water. 

· Construction of Permanent structures i.e. Control diversion and spill way type structures (Using stone pitching ,plastering and brick masonry material)

·  Ground water is also recharged through rainwater. 

·  Rehabilitation and maintenance of channel slope
Simple structures constructed from sand, stones and brushwood are used on the beds of the normally dry Rods or Nullahs to divert the flash spate floods running off from the mountainous catchments. Flood flows, usually flowing for only a few hours with appreciable discharges, and with recession flows lasting for only one to a few days, are channeled through field irrigation channels called Khulas and trial dikes (pal) which have been prepared for the irrigation of the fields by farmers. The bunded fields are flooded to depths of half a meter or more and when the field is fully flooded, the water is allowed into the adjoining fields. This system of diversion continues till either the floods flows are completely exhausted or all the fields are filled.

3.4
 Estimation of Run- off
The run-off was calculated using the following equation

                     MAR = K x MAP

 Where,

 MAR = Mean Annual run-off (mm)

 MAP = Mean Annual precipitation (mm)

 K      = Run-off coefficient         (Table 3.1)
(Source: PARC and META META 2007)

Table.3.1 Values of Runoff Coefficient (K)

	Vegetative cover and slope


	Soil Classes

	
	Light
	Medium
	fine

	1. Cultivated land

0 to 5%

5 to 10 %

10 to 30%

2. pasture land

0 to 5%

5 to 10 %

10 to 30%

3. Forest land

0 to 5%

5 to 10 %

10 to 30%


	0.3

0.4

0.5

0.1

0.15

0.2

0.1

0.25

0.3
	0.4

0.5

0.6

0.2

0.3

0.4

0.2

0.3

0.4


	0.5

0.6

0.7

0.3

0.4

0.5

0.3

0.4

0.5


Source :(OFWM 1996)

3.5 Calculation of Runoff volumes

The annual volume of runoff is conventionally expressed as a runoff depth from the catchment in mm, but can easily be converted to a volume (m3) by multiplying by the catchment area in km2 by 1000
Annual runoff volume (ARV) = MAR x CA x 1000

Where

ARV = Annual runoff volume (m3)
MAR = Mean annual runoff (mm)

CA    = Catchment area (km2)
3.6

Estimation of Rainfall 
The volume of rainfall water was calculated using the following relation





Volume of rainfall water =   Rainfall x Cultivated area 
3.7
 Estimation of expenditure

The cost of inputs such as seed, land preparation and lobour for each year was obtained from the farmers through interviews. 

3.8
 Crop cultivated 
The crops (i.e. mung, cluster bean, melon, cucumber, sorghum and kidney bean) were cultivated under spate systems of irrigation. For this purpose, the land of two farms under experiment 18 hectares was ploughed thoroughly. A soaking dose was applied through runoff water. The soil after 6-8 days came in workable condition i.e field capacity and local variety of seed was sown on both farms. After harvest of crops, these were left for drying under the sun and then threshed manually or thresher. The grain yield was weighed for both farms, which was further calculated in mound per hectare.  

3.9 
Temporary structures 
Temporary structures (constructed on seasonal basis) these structures are constructed with the low cost value and utilized only for one to two harvesting seasons, and then the structures are again rehabilited or washed out through the heavy runoff.
3.10
Permanent structures 
Permanent structures are constructed by the heavy laborious work with using R.C.C / stone pitching / Plastering / Brick masonry material with high cost. According to the local rules of the existing area the permanent structures were not allowed in the spate irrigated area of Deh Desvi, because the local community feels that the conflicts of local tribes were due to water sharing problems, but the Pakistan Agricultural Research Council solved that problem after the negotiations between water users, then after successfully constructed 5 permanent control and diversion structures in the study area. 

3.11
 Cropping patterns
Cropping patterns in traditional spate irrigated areas are strongly influenced by the priority given to subsistence crops, the need to grow to support livestock, and the strategies that farmers adopt if there is insufficient water. In Thana Boula Khan there are two cropping seasons, Kharif (summer cropping season, 1st April to 30th September) and Rabi (winter season cropping (1st October to 31st March), most of the farmers are cultivating sorghum, maize, sesame, pulses, mungbean, cluster bean, and seasonal vegetables and some farmers cultivate wheat along with the above crops, it depends upon the rainfall and growing season. 

3.12 Net Benefit

Net Benefit = Income – Expenditure  

CHAPTER 4
RESULTS AND DISCUSSION

4.1 
Land cultivation
The land use data were collected from Revenue deportment, Pakistan Agriculture Research Council, through physical survey and interviews from local farmers. Under spate irrigation and Dug wells is shown in the Table 4.1

Table.4.1 Land cultivated under Spate irrigation in Deh Desvi

	S.No
	Farmers name
	Total land holding

(acres)
	Cultivated Land
under spate irrigation

(acres)
	Cultivated area under

Dug wells & Tube wells

(acres)
	Uncultivated Land
(acres)

	1
	Shamir Palari
	165
	56
	30
	79

	2
	Rozu Palari
	135
	40
	15
	80

	3
	Sanwan Palari
	155
	48
	12
	95

	4
	Shahid vadero
	150
	46
	11
	93

	5
	Jasoo mal
	200
	124
	30
	46

	6
	Karo khashkeli
	140
	35
	13
	92

	7
	A. Jabar Kaskheli
	120
	49
	12
	59

	8
	A. Hafiz Khaskheli
	160
	40
	14
	106

	9
	Gul. Mohammad
	195
	54
	12
	129

	10
	Mohammad
	172
	44
	13
	115

	11
	Faiz Mohammad
	88
	44
	11
	33

	12
	Gul Mohammad
	168
	37
	14
	117

	13
	Mohammad Saffar
	155
	46
	12
	97

	14
	Maman Khaskheli
	80
	34
	11
	35

	15
	Haji Ghulam mohammad
	150
	42
	15
	93

	16
	A.Jabar Khaskheli
	85
	18
	9
	58

	17
	Motiyo Khan Palari
	125
	28.75
	8
	88.25

	18
	Mohammad Sidique
	80
	24
	7
	49

	19
	A.latif memon
	265
	92.75
	16
	156.25

	20
	Jan Mohammad palri
	75
	39
	14
	22

	21
	Punhal Khan Baplani
	65
	     39.65
	12
	    13.35

	22
	Wahid bux Memon
	170
	39
	10
	        121

	23
	Muhammad Juman
	125
	  47.5
	12
	   65.5

	24
	Fida hussain
	45
	32
	9
	 4

	25
	Sainhal bux
	28
	10
	5
	13

	26
	Pir bux Khaskheli
	18
	0.0
	0.0
	0.0

	
	Total
	3314
	1109.65

(33.35%)
	327

(9.86%)
	1859.35

(56.56%)


Data (Table 4.1) shows that 26 farms were cultivated during the study period in Deh Desvi. All farms were cultivating using rainwater with various techniques of rainwater harvesting. Data further indicates that about 33.35% of total 3314 acres land of the farm surveyed being cultivated directly through rainwater harvesting by constructing dikes etc and 9.86% area were being cultivated through using the ground water which was recharged during rainfall.. The remaining 56.56% land was uncultivated due to some economic problems, less rainfall, and due to migration of local peoples. As pumping cost of the irrigation water is very high due to rapidly increase in the diesel rates because most of the pumps were working on diesel engine due to lack of electricity, mostly farmers are dependent on the runoff spate system. 

4.2
Rainwater harvesting techniques 

The farmers of spate irrigated areas are very sharp and technical mind, because they are living in the same atmosphere of hilly tract since the decades. The important rule for each and every one in the area is first come first serve, first farmer allows the water to next one after completion of need of water. Though spate irrigation system is very risky agriculture because there is only one condition in the area some times drought or some times rain, thus uneven condition always makes livelihood too difficult. To overcome this uneven situation of livelihood of agriculture community, the local system was always very useful and thus the spate irrigation techniques were applied and time to time improved in its application. Therefore local farmers with technical support of PARC have adopted the following different type of the technique in the hilly mountainous and remote area of Thana Boula Khan as discussed is detailed in the following Table 4.2   

Table.4.2 Rain Water Harvesting Techniques

	Type of Structures
	Techniques
	Use of Technique

	Temporary Structures
	Construction of Periphery Bunds
	The bunded fields were flooded to a depth of half a meter or more. When the field is fully flooded, the water is allowed into the adjoining fields. This system of diversion continues till either the floods flows are completely exhausted or all the fields are filled.

	
	Rehabilitation and maintenance of channel slope
	Cleaning of runoff channels were the routine work before receiving the rainfall. Different vegetation, stones and eroded material were cleaned and the channel slopes, the cross section of the channels and bunds  were rehabilited that are usually affected through eroded material and causes of huge water losses.

	
	Construction of Mud, Stone, brushwood (temporary) and Dikes to control and divert runoff water.
	Simple structures constructed from sand, stones and brushwood were used on the bed of the normally dry spate or Rukh to divert the flash spate floods running off from the mountainous catchments and trial dikes (pal) which were prepared for the irrigation of the fields by farmers.

	Permanent Structures
	Construction of Permanent structures i.e. Control, diversion and spill way type structures (by using R.C.C , Stone pitching , Plastering and Brick masonry material)
	The control, diversion and spillway type structures were constructed to control and divert the runoff water and stored in the filed to raise the optimum depth of water to retain moisture content for cultivation purpose. The spill way type structures were used to reduce the internal pressure on the periphery bunds through removal of excess water and used as an outlet from the field.


 Table.4.2 explains the techniques which were used by the local farmers to collect rain water for agriculture another usage.  In fact, main two types of the techniques were used as temporary structure and permanent structures. 
Here, in the following tables a background of the study area was focused through collection of rainfall, runoff, inputs etc and then compared with the study period. The results are then discussed in detail from 2005 to 2008 for four years period. A complete background of the study has been concluded with the useful recommendations for the management of the spate irrigation system. 

Table.4.3 Rainfall received from 1987 to 2005 in Deh Desvi
	Year
	Rainfall (mm)

	1987
	92.5

	1988
	104.75

	1989
	253

	1992
	355.25

	1994
	286

	1995
	159

	1997
	16.25

	1998
	17.75

	2000
	42.5

	2001
	307

	2003
	254.75

	2004
	92.75

	2005
	8.75


Source:  Spate irrigation Dadu component PARC

 Table 4.3 explains the rainfall received from 1987 to 2005. The rain water data indicates that it varies from year to year from minimum 8.75 mm to maximum 355 mm. 

4.3 Crop yield

The crop yield was obtained through physical survey of the farm. The quantity of yield calculated in mound per hectares (mound /ha) and the selling rate of the growing season was surveyed during the study period. (Table 4.4)
Table.4.4 Crop Yield and Income  2005 in two agriculture farms in Deh Desvi
	Farms 
	Crops
	Land Cultivated 

(ha)
	Yield

mound/ha
	Total

Yield

(mound)
	Selling

Price

(Rs)/ mound
	Income

(Rs)

	Motiyo

Khan

Palari
	Sesame
	0.50
	10
	5.0
	320
	1600

	
	Cluster bean
	0.75
	35
	26
	750
	19687

	
	Sorghum
	0.50
	370
	185
	70
	12950

	
	Vegetable
	0.50
	105
	52
	400
	21000

	Mohammad 

Sidique

Baplani
	Kidney bean
	0.25
	8
	2.0
	1000
	2000

	
	Cluster bean
	0.50
	33
	16
	750
	12775

	
	Sorghum
	0.75
	358
	268
	65
	17452

	
	Vegetable
	0.25
	106
	26
	400
	10600

	
	Total
	4.0
	
	
	
	97724


Source:  Annual Report 2005-2006, Spate irrigation Project Dadu component WRRI/  (ARC PARC)
 Table 4.4 indicates that five types of crops such as sesame, sorghum, cluster bean, kidney bean and vegetables were grown by the two farmers in four hectares of land on spate irrigation system. The income was calculated which was about Rs.24516/ha. The more income was observed from the vegetables and followed by cluster beans and sorghum.

Table 4.5. Expenditure (2005)

	Name of Farmer
	Description
	Expenditure (Rs)

	Motiyo khan Palari
	Seed
	5000

	
	Land preparation
	39000

	
	Labor
	4000

	Muhammad Siddique
	Seed
	5000

	
	Land preparation
	23950

	
	Labor
	3000

	
	Total
	79950


Table 4.6. Benefit during 2005

	Name of farmer
	Expenditure

(Rs)
	Income

(Rs)
	Benefit

(Rs)

	Motiyo khan Palari
	48000
	55237
	7237

	Muhammad Siddique
	31950
	42487
	10537

	Total
	79950
	97724
	17774


Tables 4.5 and 4.6 shows that the amount Rs.79950 incurred for purchase of seed, land preparation and labor charges. The income Rs 97724 generated from the crop grown and benefit accrued Rs 17774 during 2005 by the farmers Motiyo Khan Palari and Muhammad Siddique Baplani. The high yield and good earning were achieved due to proper concentration on management which also results increase at area of cultivation.

Table.4.7 Rainfall during 2006 in Thana Boula Khan
	Month
	Rainfall (mm)

	January
	0.00

	February
	0.00

	March
	0.00

	April
	11.17

	May
	0.00

	June
	0.00

	July
	57.14

	August
	136.35

	September *
	140.0

	October
	0.00

	November
	0.00

	December
	00.00

	Total
	344.66


* 140.00 mm of rainfall was received on 8th September 2006 (it was heavy flood).

(Source: Soomro. A.G M.E Thesis (2007)

 Table 4.7 shows the rainfall received during the year of 2006. In September about 140 mm rain was observed which flooded area. Total investment including seed, farmyard manure, and periphery bunds were washed out, the upper fertile surface of land was also washed out and disturbed the cropping situation within the area. Also lot of sand and stones were deposited in the cultivated land, 
Table. 4.8 Crop Yield and Income, Benefit 2006

	Farms
	Crops
	Land
Cultivated

(ha)
	Yield

mound/ha
	Expenditure
(Rs)
	Net

Benefit

(Rs)

	Motiyo

Khan

Palari
	Mung
	2.00
	0.0
	24300
	Loss

	
	Cluster bean
	0.50
	0.0
	
	

	
	Sorghum
	2.00
	0.0
	
	

	Mohammad 

Sidique

Baplani
	Mung
	1.50
	0.0
	24800
	Loss

	
	Cluster bean
	2.00
	0.0
	
	

	
	Melon
	1.00
	0.0
	
	

	
	Total
	9.0
	0.00
	49100
	0.0


(Source:  Annual Report 2006-2007, Spate irrigation Project Dadu component WRRI/( NARC PARC)

  Statement: Every thing was washout

 Table.4.8 shows that total expenditure incurred for the cultivation of 9 ha of land during the year of 2006 for agriculture production purpose. The cost for purchase of seed, land preparation, farmyard manure and other expenditure like food for hired labor, that calculated Rs.24300 and Rs.24800 by Motiyo Khan Palari and Muhammad Sidique Baplani respectively and net return was Rs 0.00.(Table 4.8). Both farmers have got loss. (Note: Where as the crop was sown in two turns. First turn of sowing was completed up to 10th August 2006 and the second turn was completed on 1st September 2006). Over all the whole study area has gotten loss during the reporting period. 

Table 4.9 Rainfall during 2007 Thana Boula Khan
	Month of Year 2007
	Rainfall (mm)

	January
	0.00

	February
	0.00

	March
	0.00

	April
	0.00

	May
	0.00

	June
	94.00

	July
	89.32

	August
	140.38

	September
	0.00

	October
	0.00

	November
	0.00

	December
	0.00

	Total
	323.70

	Mean Annual Rainfall
	107.66


(Source: Spate Irrigation Project 2007)

 Table 4.9 shows the total rainfall received during 2007 that was 323.70 mm in the study area. The rainfall received in three months i.e. June, July and August which was 94, 89.32 and 140.38 mm respectively and the mean annul rainfall was calculated 107.66 mm.

 In the reporting period of spate irrigation project has developed three structures for the management of spate irrigation system. One was developed at the head of channel that control and distribute the equal quantity of water to the Motiyo Khan Palari and Muhammad Sidique Baplani Farm. The second structure was developed at the head of the farm of Motiyo Khan Palari farm for control and inlet purpose in the farm. The last third spill way structure was also constructed at the same farm, this structure was constructed to control the  required  level of water and maintain the pressure with in the periphery bunds when  runoff increases the excess water automatically  diverted to the main spate through the spill way structure. Motiyo Khan Palari farm was fully managed for spate irrigation system and Muhammad Sidique Baplani farm was developed only traditionally as previous practice. The difference between both managed and unmanaged farms were compared in the following table. 

Table.4.10 Volume of water received during 2007 on both farms
	farm
	Catchment
Area

(Km2)
	Mean

Annual

Rainfall

(mm)
	Mean

Annual

Runoff

(mm)
	Runoff

Volume

(m3)
	Land

Cultivated

(ha)
	Rainfall

Volume

Over land cultivated
(m3)
	Total

Volume

(m3)

	01


	2.25
	107.66
	21.5
	48375.0
	9.0
	10658.0
	34845.5

	02


	2.25
	107.66
	21.5
	
	6.02
	5383.0
	29570.5

	Total
	15
	16141.0
	64416.0


Table 4.10 shows that run-off volume of water was received 48375 m3 from catchments area of 2.25 km2 and the volume of rainfall in the cultivated area was calculated 16141 m3 and total volume of run-off and rainfall received were 64416 m3 on the both farms i.e. Motiyo Khan Palari and Muhammad Sidique Baplani. 

Table 4.11 Crop Yield and Income Benefit from both agriculture farm in 2007

	Farm 
	Crops 
	Land

Cultivated

(ha)
	Yield

mond/ha
	Total

Yield

(mond
	Selling

Price

(Rs)/mond
	Income

(Rs)

	Motiyo

Khan

Palari
	Mung
	4.00
	18.5
	74
	1400
	103600

	
	Melon 
	1.21
	186.5
	225.66
	1000
	225660

	
	Cluster bean
	2.81
	34.58
	97.16
	1200
	116603

	
	Cucumber
	     1.00
	128.44
	128.44
	500
	64220

	Mohammad 

Sidique

Baplani
	Sorghum
	1.21
	29.64
	35.86
	600
	21516

	
	Mung 
	2.00
	17.29
	34.58
	1400
	48412

	
	Cluster bean
	1.00
	33.34
	33.34
	1200
	40008

	
	Kidney bean
	0.81
	17.9
	14.5
	1650
	23925

	
	Total
	15
	
	643.5
	
	643944


Table 4.11 shows that different crops were sown on 15 ha of land of both farms (Motiyo Khan Palari and Muhammad Sidique Baplni).Total production received was 643.5 mounds. Total income was calculated Rs 643944 during 2007 for Motiyo Khan Palari and Muhammad Sidique Baplani farms. 
Table  4.12. Benefit during   2007 from both farms

	Name of farmer
	Expenditure

(Rs)
	Income

(Rs)
	Benefit

(Rs)

	Motiyo khan Palari
	72000
	510083
	438083

	Muhammad Siddique
	48000
	133861
	85861

	Total
	120000
	643944
	523944


Table 4.12 shows that total expenditure was Rs 120000 which includes land preparation, purchase of seed, labor charges and construction of structures. The income generated was 643944 from the crop grown and net income was calculated as Rs 523944 during 2007 Motiyo Khan Palari and Muhammad Sidique Baplani farms. 
Table 4.13  Rainfall during 2008 in study area.
	Month of Year 2008
	Rainfall (mm)

	April
	0.00

	May
	0.00

	June
	2.00

	July
	30.00

	August
	384.0

	September
	0.0

	October
	0.0

	November
	0.0

	December
	0.0

	Total
	416.0

	Mean annual rainfall
	138.66


(Source: Spate Irrigation Project 2008)

Table 4.13 shows the rainfall during 2008 in the study area which was 416 mm and mean annual rainfall was 138.66 mm. The rain was received in the month of June, July and August.  More quantity of rain was observed in the month of August which was 384 mm. 

The cultivation was started after the last rain received in the month of August. However, land was prepared in the month of May. After ending monsoon season the crop was harvested. The total volume of water received through runoff and rainfall was calculated and is explained in the following Table.4.14
Table 4.14 Volume of water received during 2008

	No. of farm
	Catchments

Area

(Km2)
	Mean

Annual

Rainfall

(mm)
	Mean

Annual

Runoff

(mm)
	Runoff

Volume

(m3)
	    Land

Cultivated

(ha)
	Rainfall

Volume

Over land cultivated
(m3)
	Total

Volume

(m3)

	01
	2.25
	138.66
	27.7
	62400
	10.11
	14018
	45218

	02
	2.25
	138.66
	27.7
	
	8.09
	11164
	42364

	Total
	18
	25182
	87582


Table 4.14 explains the volume of run-off water which was 62400 m3 received through catchments area of 2.25 km2. Also the volume of rainfall in the cultivating area was calculated 25182 m3. Thus total volume of run-off and rainfall for both Motiyo Khan Palari and Muhammad Siddique Baplani farms was 87582 m3 

Table 4.15 Crop yield and income of Motiyo Khan Palari Farm in 2008

	Farmes
	Crops
	Lamd

Cultivated

(ha)
	Yield

m/ha
	Total

Yield

(m)
	Selling

Price

(Rs/mound)
	Total

Income

(Rs)

	Motiyo

Khan

Palari
	Melon
	2.02
	188.0
	379.76
	800
	303808

	
	Kidney beans
	2.02
	19.76
	39.91
	1600
	63856

	
	Cucumber
	2.83
	125.48
	355
	480
	170400

	
	Sorghum

(grain)
	  0.81
	24.7
	20
	600
	12000

	
	Sorghum (fodder)
	
	370.05
	299.7
	100
	29970

	
	Cluster bean (grain)
	2.43
	37.05
	90
	1000
	90000

	
	Cluster bean (fodder)
	
	-
	-
	4800/ha
	11664

	
	Cluster bean (straw)
	
	27.79
	67.5
	150
	1125

	Muhammad Siddique
	Cluster bean
	2.02
	35.8
	72.3
	1000
	72300

	
	Mung
	3.24
	19.76
	64
	1280
	81920

	
	Sorghum (grain)
	1.62
	30.87
	50
	650
	32500

	
	Kidney beans
	   1.21
	18.52
	22.4
	1600
	35840

	
	Total
	18
	
	1420
	
	914383


Tables 4.15 shows that different crops were sown on 18 ha of land of both farms (Motiyo Khan Palari and Muhammad Sidique Baplni).Total production received was 1420 mounds. Total income was calculated Rs 914383 during 2008 for Motiyo Khan Palari and Muhammad Sidique Baplani farms. 
Table 4.16 Benefit during   2008 from both farms

	Name of farmer
	Expenditure

(Rs)
	Income

(Rs)
	Benefit

(Rs)

	Motiyo khan Palari
	194035
	691823
	497788

	Muhammad Siddique
	73930
	222560
	148630

	Total
	267965
	914383
	6464418


Table 4.16 shows that total expenditure was Rs 267965 which includes land preparation, purchase of seed, labor charges and construction of structures. The income generated was 914383 from the crop grown and net income was calculated as Rs 6464418 during 2008 Motiyo Khan Palari and Muhammad Sidique Baplani farms
Table 4.17 Summary of last four years net benefit

	Name of Farmer
	Year
	Mean Annual

Rainfall

(mm)
	Runoff

Volume
(m3)
	Land
Cultivated

(ha)
	Total 
Production

(mound)
	Total

Income

(Rs)
	Water Productivity
(mound/ m3)

	Motiyo

Khan

Palari
	2005
	8.75
	
	2.25
	268
	55237.5
	

	
	2006
	111.16
	
	4.5
	0
	
	

	
	2007
	107.66
	34845.5
	9.00
	128
	510083
	0.0036

	
	2008
	138.66
	45218
	10.11
	1211
	691823
	0.026

	Mohammad

Sidique

Baplani
	2005
	8.75
	
	1.75
	312
	42487.5
	

	
	2006
	111.16
	
	4.5
	0
	
	

	
	2007
	107.66
	29570.5
	6.02
	643
	133861
	0.022

	
	2008
	138.66
	42364
	8.09
	208
	222560
	0.0049


Table 4.17 explains the conclusion of the management of spate irrigation system for Motiyo Khan Palari and Muhammad Sidique Palari farm from 2005 to 2008 for 4 years compiled data of mean annual rainfall, runoff volume, yield, and income and water productivity. The conclusion of the above table is clearly shown   in the year of 2008 farmers have received huge runoff volume i.e. 45218 and 42364 m3 and land cultivated 10.11 and 8.09 hectare, expenditure Rs.194035, Rs.73930 and the amount earned during the reporting period was Rs.691823 and Rs.222560, net benefit of Rs.497788 and Rs.148630 was gained by the Motiyo Khan Palari and Muhammad Sidique Baplani respectively and water productivity was calculated 0.026, 0.0049 by the both farms. Similarly in year of 2005 very less earning and received loss in the year of 2006. The system was managed in 2007, after that the area, yield and income was increased. 

CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 
Conclusions
From this study, the following conclusions are drawn:
· The land holding is very high but the cultivated area is very small due to less and untimely rainfall in the area and lack of other resources, such as lack of heavy machinery, reservoirs, lack of management, etc. 

· Traditional techniques such as periphery bunds were being used to store & divert the runoff for moisture conservation.  
· Until 2006, no proper run-off water of storing system was developed by the local farmer’s, or Sindh Government in the area, but from 2007 the PARC has been working on it and have developed structures for proper measuring and harnessing the Spate irrigation system on small scale in the study area. 

· In 2005, total rainfall received was 8.75 mm, land cultivated was 4 hectares expenditure incurred Rs.79950/- and net income was Rs. 17175/- or Rs.4428/ha.

· [image: image25.jpg]


In 2006, total rainfall received was 344.66 mm, land cultivated was 9 hectares and expenditure incurred was Rs.60820/-, but the income was zero because heavy rain and improper management and unavailability of structures washed out all inputs. 

· In 2007, when some structures were constructed then in spite of heavy rainfall which was 323.70 mm, was properly utilized and more area was brought under cultivation. The net income was about Rs.39634/ha which was 10 times more income of year 2005. 

· Similarly in 2008, the net benefit was Rs. 45942/ha. 
5.2 
Recommendations

Keeping in view the study parameters and conclusions drawn, the following recommendations are made.
· All bunds should be at least 1m high and with a 0.5 m top width. Where bunds are designed to spill from one field to the next, then stone pitched spillways with stone masonry wing walls would be appropriate.
· Precision land leveling is not required for spate irrigation but field should be leveled such that the difference in level across a field is less than 10 cm. As the population of the country is increasing day by day, hence water resources will be reduced; therefore, spate system of irrigation must be promoted wherever possible. 
· A training Program for local farmers to develop and manage the skills for Spate system must be conducted on field level basis. 
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Annexure-I

Questionnaire for Socioeconomic Survey 

Study Area Profile Thana Boula khan

1.
 Population

	Village
	Adult Male
	Adult

Female
	Children

Male
	Children

Female
	Total

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


2. 
Households

	Village
	Household
	NO of Quantity
	Total

	Motio Khan Palari
	
	
	

	Umad Ali Palari
	
	
	

	Wadaro Mir bux Hamlani
	
	
	


3.
Main Ethnic Groups

	Caste
	Caste Leader

	Palari
	

	Baplani
	

	Hamlani
	


4.     Access to Education

	Village
	Primary

 Boys
	Primary

Grils
	Boys 

Middle
	Grils 

Middle

	
	
	
	
	

	
	
	
	
	


5.       Rural Infrastructure

	Type of facility
	Metalled Road
	Kacha road
	Market (Nearest)

	Distance from village
	
	
	

	Type of facility
	
	
	

	Distance from village
	
	
	

	Type of facility
	
	
	

	Distance from village
	
	
	


6.
Literacy

	Literacy
	Male
	Female

	No of primary educated
	
	

	Matriculates
	
	

	Intermediate
	
	

	Graduates
	
	


7.
Health Facilities

	BHU
	Dispensary
	Family planning
	Doctor
	Dai

	
	
	
	
	

	
	
	

	
	
	


8.
Source of Drinking Water and Distance 

	Source (N0)
	Hand Pump
	Well
	Water Supply
	Other                                      

	Water Quality
	
	
	
	

	Ownership

(private/Community)
	
	
	
	

	Distance in km
	
	
	
	


9.
Occupational Groups (Landowners)

	Catergory
	1-16 acres
	17-50 acres
	51-100 acres
	More than 100


10.
Other Occupations

	Category
	Tenant/Hari
	Herderm
	Shopkeeper
	Carpet Makers
	          Labor

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


 11.
Government servants

	Category
	Teacher
	Police
	Peon
	Watchman
	Other

	
	
	
	
	
	


12.       Livestock

	Animal
	1 Cows
	2 Goats
	3 Sheep

	
	
	
	

	
	
	
	

	
	
	
	


13.
Veterinary Facilities 

	Hospital
	Dispensary
	Doctor

	
	
	


14. 
Village Facilities and Services

	Telephone
	

	Post office
	

	Electricity
	

	Nearest Melted Road
	


Appendix: Photograph
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Photograph 1-2 Technique No.1 Construction of Periphery Bunds
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Photograph 3-4 Technique No.2.Rehabilitation and maintenance of channel slope
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Photograph 5-6 TechniqueNo.3 Construction of Mud / Stone / brushwood /(temporary) Dikes to control and divert runoff water
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[image: image10]
Photograph 7-8 Technique No.4 Control, diversion and spill way type structures (by using R.C.C / Stone pitching / Plastering /Brick masonry material)
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Photograph .9 Run-off and Rainfall Water Stored in the Field
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Photograph 10. Spate Irrigated Crops
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Photograph 11. Land Preparation after Drying Water

Photograph 12. Farmers Interview
1
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Figure 3.2 Map of Motiyo Khan and Sidique Farm
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