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SUMMARY

The study area is delineated in Deh Desvi Taluka Thana Boula Khan, District Jamshoro. The characteristics of the area are: it is dry and receives less annual rainfall, which becomes the only source of irrigation and drinking water. The rainfall, which percolates downward and recharges the groundwater. This is the source that is available for the livelihood of the area, which are agriculture and livestock. To use this available groundwater, the local communities for agriculture and domestic purposes are adopting various techniques to extract it. In this study, the main focus has been given to the groundwater and its use in agriculture. This work has been divided into four main chapters.

The introduction and background of the study area which includes climate, soil type, means of groundwater extraction, crops cultivated/irrigated etc are narrated in Chapter 1.

Chapter 2 describes the review of literature which includes research paper published earlier related to the topic. Also it includes the reports prepared by various organizations and departments.

Chapter 3 describes the methodology adopted to collect the relevant data from various sources. The questionnaire was developed for field irrigation as given in annexure-I. This chapter also explains how discharge was measured. 

ix

Chapter 4 mainly describes the results and discussions. This section includes identification of water resources, mode of groundwater extraction, estimation of total groundwater extraction per annum, area irrigated and cropping pattern. Further, this chapter also discusses on use of groundwater efficiency, sufficiency and development of sustainable strategies for use of groundwater. 

Chapter 5 gives the conclusion and suggestions based on data analyzed and focus group discussion. 

x
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CHAPTER 1

INTRODUCTION

1.1
BACKGROUND

Thana Boula Khan is the Taluka Head Quarter of newly developed District Jamshoro Sindh in 2005 (Figure 1.1). It is spread over 2009 square miles at 984-ft above sea level. 
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Figure 1.1: Location of Hilly Area of Thana Boula Khan

         (Source:Spate Irrigation Project, GIS, WRRI/NARC (PARC) Islamabad 2007)
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Thana Boula Khan spread over western mountainous tracts of Sindh and comprises Dehs of Desoi (Thana Boula Khan), Gagiaro (Thana Ahmed Khan), Wahi Arbab Khan, Thano Arab Khan, Bathar Karchat, Ranikot, Porkhan, Koh Tarash, Pat Karchat, Khajoor, Bachain, Gang Tarai, Bhall, Tiko Baran, Toung, Beli Thap, Rek, Mol, Layah Malik Sardar Khan, Layah Doda Khan, Sari, Dhamach, Kapat, Hathial Buth, Babar Buth, Luh Akair, Kalo Khokhar. Thana Boula Khan is known as a part of Lower Kohistan, and which is also last Taluka Head Quarter of Kohistan Region. This is the 1st and Last Taluka Head quarter where the Agriculture is not done on Canal System because of its high elevation and non-availability of canal water. 

Thana Boula Khan 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. Besides low-key agriculture, they include into livestock rearing, with semi-nomadic and transhument style and character in the heights of hills. Periodical droughts and famine afflict the tract in the freak seasons of low rainfall and run-off. Under circumstances, Government patronage and subsidies are needed to achieve up lift and progress of the retarded tract. The assistance and co-operation must come in the shape of provides tractors, scrapers, dozers, and other implements to farmers for constructing temporary dams & barriers across hill torrents to conserve and divert run-off for agriculture (Sindh Arid Zone Development Authority 1991). 
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Figure 1.2: Location map of Kohistan Region  

(Source: Sindh Arid Zone Development Authority 1991)
1.1.1   Physiography, Topography & Terrain

Thana Boula Khan is hilly with “torrents combine” to drain their catchments. There are groggy, rugged relatively barren and bald hills, with high relief and dendritic form of drainage. In their upper reaches, the torrents have narrow, fern-shaped valleys and deep escarpments, whereas lower down, in the piedmont, their courses flare out to form wider fans. The piedmont, their courses flare out to form wider fans. The piedmont, with bright prospects of fresh ground water has an altitude of 150 to 600 ft above sea level. The last destination of runoff is sea through Baran Spate/Rod (Nai) (Photograph 1.1) shows the view of Baran Nai. (Sindh Arid Zone Development Authority 1991) 
[image: image2.jpg]



Photograph 1.1:View of Baran Nai (Rod/Spate)

1.1.2   Agro-climatic Zones

Thana Boula Khan is climatically arid to semi-arid since evaporation exceeds rainfall. The annual average rainfall is 10 inches and evaporation is 72 – 120 inches. The humid climate of south becomes progressively hot and dry as one travels north in summer. The Climate of the area is intensively hot in summer and cold enough in winter. The salient feature of climate is the higher difference in temperature between its southern and northern areas. The southern area that consists of Taluka Thana Boula Khan and major parts of the upper sides of the area has moderate climate. 

The climate of hilly area is arid to semi-arid with precipitation ranging from less than 4 inches in southwest to 120 inches in northwest. Due to scanty and erratic precipitation, rain fed cultivation is not practicable in most of the area. The average monthly rainfall is never sufficient to meet the atmospheric demand or the potential evapotranspiration. June is the    hottest   month   with a mean maximum temperature of 44.22 (C. Because of low humidity, its continental location and dearth of vegetation, climate extremes are frequently witnessed in the area. In “Kharif” season, rain is received in the month of July and August and in “Rabi” season in the month of March and April (Completion Report, 1996-June 2004).

Table 1.1:
Weather in Thana Boula Khan                                                      

	Year
	Temp Mean Minimum

((C)
	Temp:

Mean Maximum

((C)
	Pan Evaporation

(Inch/day)
	Relative Humidity

(%)
	Rainfall  

(Inches)

	1997-98
	17.6
	33.1
	0.24
	-
	0.72

	1998-99
	20.9
	32.0
	0.278
	53.6
	0.00

	1999-2000
	20.38
	31.74
	0.288
	-
	0.00

	2000-2001
	22.87
	31.74
	1.02
	-
	0.00

	2001-2002
	27.32
	33.77
	-
	72.52
	10.6


(Source: Completion Report 1996-2004)

1.1.3 Soil

The top soils are mainly alluvial in character and composition. They are homogenized silty-sandy soils under-lain by coarser layers of conglomerates (sand, pebbles, and boulders) and soil, hard & compact lime and sand stones. The loess (wind-blown) silt and fine sand are also traced in the piedmont and cover flood plains. The residual soils, and those deposited by the hill torrents, are found in the piedmont plain and at the foothills of the western mountains. The texture is rather coarse, with about 50% sand. The analyses of soil samples from Sindh Kohistan area disclose a larger percentage of coarser than fine sands in surface and subsurface layers (Table.1.2).

Table 1.2:  Surface and subsurface soil layers of Sindh Kohistan

	Type of Soil
	Surface Percentage
	Subsoil Percentage

	Clay and finest Silt
	8.89
	7.80

	Fine Silt
	1.70
	2.12

	Medium Silt
	0.39
	1.76

	Coarse Silt 
	2.21
	3.94

	Fine Sand
	35.15
	44.74

	Coarse Sand
	51.56
	39.60


                                                (Source: M. Rehman 1975)

1.1.4    Drainage

The drainage slope of hill torrents in the area is towards to Baran Nai (Baran Rodh / Baran Spate). Most of the catchments of Thana Boula Khan collect the surplus run-off through Desoi, Dawoo, Darwat and other torrents during intensive rains. The Baran River of Kohistan has River Indus and Arabian Sea as their final destination (Completion Report, 1996-June 2004).

1.1.5    Irrigation Farming System

The source of irrigation in the areas is only run-off & groundwater because there is no any canal water available in the area. In folk terms, the prevalent irrigation practices in the area are classified as Barani (run-off), springs, Chahi, and Charkhi. The Barani (run-off) refers to collect the run-off water in field bunds and reservoirs to irrigate the crops.

1.1.6 Run-Off (Barani) Irrigation 

Nai (Rod/Spate) system is available in the area that depends upon the rainfall. In this area; there are two conditions one is water, second is drought (Water or Drought).  The rainfall is the source of availability of run-off.  Dug wells and deep wells are depending upon the rainfall. In the hilly areas the farming system is very different then the plain areas. The ground water is used on very small basis because of lake of source. Mostly the farming system depends upon the Nai (Rod/Spate) irrigation system (See photograph 1.2). Completion Report, 1996-June 2004).
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Photograph 1.2: 
Showing View of Barani cultivation

The practice of agriculture on run-off (Rod-Kohi/Spate) irrigation system is centuries old. But this system is least known in the area. Productivity is very low and production oriented agriculture is not practiced. The rainfall pattern and management of run-off system are erratic and poorly managed. The supply of irrigation water is uncertain. Hill torrents often change their course and are thus likely to damage lands. According to one estimate floods damage one third of the total area cropped with run-off system every year. There are no proper gauging and control/diversion systems. There is lot of potential, which is yet to be harvested.

1.1.7 Spring Irrigation 

The springs are the perennial and natural source of water from the hills, which is also used to irrigate the lands.  The springs in this area are found in Karchat, Nareero, Toung, Padekh, Pokran, Khajoor, Naing, Rani Kot and other places in the western hills. Water is collected at the springs, and flows in small dug channels in to the fields. 

1.1.8 Chahi and Charkhi Irrigation

The term Chahi is used as irrigation by wells / deep well, in which water is lifted using a rop, receptacle, and a pair of bullocks. The term Charkhi is used to identify the system of irrigation from wells where as Nar (noria) is installed. Chahi and Charkhi represent two system of well irrigation. The Chahi refers to Boka-well irrigation and Charkhi to the Nar-well irrigation. In the Boka-wells, the leather bag pulled by a pair of bullocks which lifts water. In this system a bag is fastened to a rope which passes over a pulley, and is let down in a well. Another rope is attached to the lower end of the bag spout, and runs over a pulley. As soon as the bag is raised above this level, the spout is pulled out horizontally and the water is discharged into a place prepared for it. Such wells are fairly common in Middle East; and have been reported from Yemen, Iran, Persian Gulf States, Saudi Arabia, and also from the southern parts of India (M.Rehman 1995)

1.1.9 Dug-Well Irrigation

In the area most of the farmers are irrigating farms using unlined dug-wells. Soils of the area are sandy-to-sandy loam. Due to the light texture soils, the dug-wells normally collapsed even in light rainfall and farmers are facing difficulties to manage the unlined dug-wells. 

The wells are thick hollow cylinders of masonry which are placed on well curbs and sunk to the required depth, or are placed on hard beds. The hollow cylinders are plugged at the bottom with cement concrete to have a watertight foundation (see photograph 1.3). The interior is filled with sand or concrete and the top again sealed with a thick layer of concrete in which piers are built.
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[image: image4]
Photograph 1.3:  Showing Dug well 

The dug-well holders have the land from 2 to 20 acres of the land that is operating on the dug-well and the same quantity of land is awaited for the Run-off irrigation purpose. The depth of the Dug-well’s range from 39 to 101 ft.(Completion Report, 1996-June 2004).

1.1.10   Deep Well Irrigation 

The practice of irrigation in deep well is same as the dug well; the only difference is that they do not require maintaining the well. The dug well can be operated for a certain time and then become empty for a long period of 3 to 5 hours, and then when water is percolated from the walls and bottom in the dug-well, again it will be able to operate for a certain period. But in the deep well a huge quantity of aquifer is available, and the well is operated for long period. The practice of irrigation can be completed in the minimum time, because of continuous application of water. 

Due to high cost of development, lack of electricity and poverty in the area, common people are not able to have the tube well. Only eleven farmers are operating the deep well in the area of Thana Boula Khan. The land holding capacity of deep well holders is 50 to 150 acres in the area (Completion Report, 1996-June 2004).

1.1.11   Crops

The crops are seasonal. The tract grows Juwar (Sorghumvulgare), Bajra (pennistum typholdeum), which are mainly grown as Kharif fodder but are also consumed as human 

food. Pulses, moong, gram and Vegetables, onion, guar, juwar and wheat are also grown in this area. 


      Photograph 1.4: Sesame  Crop                                Photograph 1.5: Sorghum                                                            With intercropping of cucumber 


    Photograph 1.6:Storage of Onion Begs in                 Photograph 1.7: Guar Crop 

                      in open air storage
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Photograph 1.8: Cotton Crop                          Photograph 1.9: Onion Crop

Table 1.3:  Average yield of major Crops in Thana Boula Khan

	Name of the Crop
	Average yield Ton/acre

	Sorghum
	0.7

	Onion
	12.146 –28.34

	Wheat
	2.34

	Guar
	0.656

	Moonbeam
	0.4-0.8

	Till
	0.4

	Cotton
	0.15-0.2


1.2
STUDY AREA

The study area comprises of Deh Desvi Taluka Thana Boula Khan, District Jamshoro. Deh Desvi is situated in Lower Kohistan, and Taluka Thana Boula Khan, which is the biggest Taluka of the Kohistan. Deh Desvi has total area of about 48357 acres from which 12761 acres are cultivated and 35595 acres are un-cultivable (Taluka Profile Revenue Department Thana Boula Khan 2005).


Figure 1.3: Map of Deh Desvi Taluka Thana Boula Khan.

1.3
OBJECTIVES


The objectives of the study are:

1. To Identify available water resources and their use.

2.  To develop strategy for sustainable agriculture.

3. To assess impact of water shortage on agriculture practicing.

CHAPTER 2

REVIEW OF LITERATURE
Castella, J. C., etal (2006) have expressed that in the mountain areas of northern Vietnam, the past decade was marked by rapid changes in agricultural production systems. Under the new land policies, some farmers had no other choice than to return to the traditional slash-and-burn cropping systems. Now, however, land allocation to individuals prevents farmers from shifting cultivation to newly cleared land, which is necessary to regenerate soil fertility, and thus for slash-and-burn practices to remain sustainable. As a consequence, in some villages there is an increasing risk of land degradation. As livestock feeding relies mainly on natural resources, land degradation results in chronic shortages of forage and more generally to a crisis in traditional production systems. To tackle these issues, the Mountain Agrarian Systems Program has designed alternative cropping systems based on direct seeding under a cover crop. Beside their widely recognized role in the conservation of soil and natural resources, these innovative techniques also provide good forage for the farm animals. 

Peeters, A., etal (2005) express that the agro-ecosystem fulfils several other functions that together concern the three pillars of sustainability: environmental, economic and social. The step-by-step definition of sustainability and the strong theoretical basis of each concept would ensure a broadly applicable system that could be used by several actors: farmers, farmer advisers, researchers and decision makers.

Laluraj, C. M., etal (2005) explained that the coastal aquifers of Kerala, India experience severe degradation of water quality due to various anthropogenic activities. Results indicated that the ground water in the shallow aquifers were found to be deteriorated. Based on Hill-Piper trilinear diagram it is confirmed that some of the dug wells were characterized by high amount of sodium and chloride (>200 mg/l) indicating the influence of saline water incursion. The presence of Escherichia coli in all dug wells indicated potentially dangerous faecal contaminations, which require immediate attention. The study further raises points for the need of action for a sustainable utilization of precious resources.

S. Ahmed etal (2003) have explained in their that the Agriculture growth in Thana Boula Khan suffered a severe setback during 2001-2002 as a result of drought, while major crops registered a negative growth of almost 10%, the over all agriculture recorded a negative growth of 2.6 %. The drought persisted throughout 2000-2001, resulting in water shortage of up to 51% of normal supplies as against 40% of the previous year. The total flows of water in Major River also declined to 109 billion m3. The rainfall has also been below normal. As a result over all agriculture registered a positive growth of 1.4% in 2001-2002 as against a decline of 2.6% during 2000-2001. Drought has also affected the performance of nonagricultural sectors. 

Inanaga, etal (2002) expressed that in crop plants, several drought resistance mechanisms and their putative traits have been identified. Important among them are drought escape via appropriate phenology, and dehydration avoidance and tolerance through various root and shoot characteristics. The identification of moisture environments in drought-prone areas in terms of the amount, duration, and timing of rainfall is crucial for utilizing suitable drought resistance mechanisms and implementing appropriate soil moisture conservation practices.

Kamidohzono, A. etal (2002) have mentioned that the ethnopedological survey was carried out in Sipisang Village of the Minangkabau people, located at the middle stream of the Anai River watershed, West Sumatra, Indonesia. The Minangkabau farmers in West Sumatra, have long practiced sustainable agriculture based mainly on sawah, i.e. paddy field, kebun, upland agricultural field and forestry. The term sawah is Malay, which means levelled, bounded and irrigated lowland rice field. With sociological features, the Minangkabau people have integrated matrilineal adat, tradition and an Islamic system. 

Chaudhry, Q.Z etal (2002) conducted research and reported that almost all the semi-arid and arid areas of Pakistan experienced current drought with varied intensity. The severity of drought reached its climax in low rainfall zones including most of Balochistan, southern parts of Sindh and southeastern parts of Punjab. The annual total rainfall ranges between 35mm and 110mm whereas the annual loss of moisture through evapotranspiration reaches 2000mm. The climate of these areas ranges from arid to hyper-arid where ratio of precipitation to evapotranspiration vary from only 1% to 10%. The mean annual rainfall fails to meet 75% to 90% of mean annual evaporation in these areas. In arid zone crop production is uneconomical under rain fed conditions. The plains located in the south of 33° N latitude are arid in nature; the agricultural production is not possible unless supplementary irrigation is made available. Luckily the world’s famous canal irrigation system exists to irrigate most of the arid plains of Punjab and Sindh. At present due to continued low precipitation over the river catchments areas. The available water for irrigation purpose is also under stress & sufficient water supply is not possible to meet the crop needs & civic like resulting hydrological drought conditions over the country. Droughts have been occurring in Southern Asia in the past too. Areas now comprising of Pakistan experienced several drought years 1899,1920, 1935 etc. whereas Sindh experienced its worst droughts in the year 1871, 1881, 1899, 1931 etc.

Eger, H., etal (2001) expressed that poverty is the greatest problem for any kind of development. In addition, the increasing degradation of natural resources has serious impacts on the living conditions of the population. By means of examples from the fields of water management, disaster risk management and implementation of international environmental conventions the author shows how concepts have changed in the course of time and how important has been the adjustment to changing framework conditions. The author goes on to explain that the three approaches are complementary - a fact which German technical cooperation takes into account through its programme contents in this sector. By combining the approaches and acting coherently at all levels a major contribution can thus be made toward the realization of sustained development, which is the envisioned goal.

FAO (2001) has reported that as a part of wider regional weather phenomenon, which has affected a number of countries in South Asia and Near East, a prolonged drought has seriously affected on crop production in Pakistan. Last year, Balochistan and parts of Sindh and Cholistan in Punjab Province were particularly affected. Rainfed wheat production estimated at about 541000 tones this year is nearly 70 percent below the average of the last five years.

FAO and World Food Programme (WFP) (2001) reported that prolonged drought in parts of Pakistan has severely affected fruit and rain fed cereal production. Hardest hit are Balochistan and parts of Sindh and Punjab provinces. Rainfall during the last winter cropping season (January-March) was between 50 and 80 percent below average in most parts of the country. Rain fed wheat production is about 70 percent below the average production. 

Mirjat S. M and Chandio A.S (2001) have reported that annual recharge to ground water system of the Indus plain is estimated around 55 MAF, out of which about 48 MAF is within the commands of Indus basin irrigation system (IBIS). Presently, 39 MAF is being extracted annually. Ground water is also found in some rein-fed (Barani) lands, and intermountain valleys at depth varying from 100 to 200 ft.

Sugaya, H. etal. (2000) have expressed that the soil and meteorological conditions leading to the degradation of natural ecosystems require intensified conservation programmes. Projects initiated to achieve a more sustainable agriculture include the development of diversified food production, harmonizing the land with the natural environment, and the conservation of land, traditional culture and environment.

Society for Conservation and Protection of Environment (SCOPE) and UN Convention to Combat Desertification (CCD) 2001, reported that people migrate during drought and come back after rains in Thana Bola Khan. The main profession of people is grazing domestic animals, which provide them milk, meat and cash income. The people also practice subsistent agriculture, which entirely depend  on erratic rainfall and to some extent groundwater, extracted from wells and deep bores, which again depend on rainfall. The status of drinking water in the drought prone areas is very pathetic as most people depend on stagnant water from open ponds, dug wells, spring, bore holes, shallow hand pumps. But this is a common observation that during the drought period, water in well turn brackish and even little bit poisonous, which results in outbreak of diarrhea and intestinal infections, resulting in mortality and morbidity. 

Pattan Development Organization (2000) has reported that Dadu district is situated in arid and semi arid zone of Pakistan, and hence prone to drought. The people of Kohistan and Kachhoo are dependent on rainwater, which recharges the ponds and wells. According to government estimates, more than 20,000 families (or, 100,000 people) are affected in Dadu district. Their water needs come to about 3 million liters of water per day. This quantity is of course not available; rather existing water sources are fast depleting. People have to wait long hours to collect water from the wells. It was observed that women and children were spending land hour’s daily to collect water. As far quality of water is concerned, it is not fit for human consumption at all. There are complaints that quality of water has gone worst. It was also reported that taste of the water of some of the wells that used to have sweat has become brackish. At many places, people and animals were seen drinking water from the same open ponds. This has been causing health problems particularly among children and old people. It was also observed that in some villages water was collected in ponds and people are being forced to buy it. Water problem will worsen I there is no rainfall in near future. Water table has already gone very low and summer heat will further evaporate water that might lead to complete depletion of water in these wells, this may force people to migrate to canal command area and other places for their survival.

The International Federation of Red Cross and Red Crescent Societies (IFRC) (2000) reported in “South Asia: Drought Alert” on 06 June 2000 that the situation severe drought is currently affecting vast areas of South Asia, and the effects on the livelihoods of inhabitants are particularly evident in western India, southern and central Pakistan and southern Afghanistan. In Sindh, the water situation is currently normal for the season, but an extension of the drought for 100 days or more will dry up the remaining water sources. The supply of sweet water from 35 to 75 meters is diminishing, and only saline water exists below that. The northwest of Thar Parker now holds no surface or ground water, and reliance is placed entirely on water, which is piped in from the Indus valley system. The amount of water currently being extracted from the northern Indus valley system is increasing, and it will not be long before Karachi feels the shortage of water more acutely. The transport system in most of Tharparkar is so poor that water cannot be brought in the area. There is little agriculture due to the lack of irrigation: Crops and traditionally fed by rainwater. Rain is expected to fall by mid-August, but it is estimated that, if no rain occurs in 100 to 150 days, large-scale population movement of “settled” farmers will take place. The affected population is approximately one million. 

Kostuch, R (1999)  has come up with suggestions after having studies on the changes that are required to the agricultural development of the Carpathian mountain region if the environment is to be protected are described. Sections consider: the natural characteristics of the region; the present state of agriculture in the mountain region; necessary land use changes; and mountain agriculture in the future.

Singh, V (1998) identifies and analyses the diversity in mountain agriculture, the relationships between farmers and agro biodiversity, and the traditional strategies used by  farmers for biodiversity management using the area of Gharwal, Uttar Pradesh, India as an example. These strategies have been, and continue to be, pivotal in developing farming systems, many of which have been sustained for centuries. 

Zlatic, M. etal (1998) have mentioned that the agricultural production in the hill community of Rakovica, Serbia has led to soil erosion problems. Sediment resulting from erosion processes can contain different harmful organic and inorganic substances and therefore presents a source of pollutants of the soil and water resources in this area. Taking into consideration extensive erosion control works in the investigated region, structures in torrent channels, biological works and the construction of terraces for orchards in the watershed, as well as sustainable agriculture, the question is raised of ecological and economics effects of investments in erosion control. A model of soil management for sustainability is presented based on the degree of erosion hazard and the slope, as the basis for distribution of production lines. The proposal includes three types of crop rotation, self-terracing orchards, orchards with classical terraces, grassing and a forestation. In this way the soil resource can be conserved. One improvement proposes bee keeping in the established production lines of the offered sustainable production model. Economic efficiency of investments in sustainable soil management is satisfactory when assessed by discount methods - internal rate of return (IRR), pay back period, benefit-cost ratio and net present value. The sensitivity analysis was performed for the IRR parameter. This parameter is most sensitive to changes of benefit, thereafter to changes of regular production costs, and finally to investments in erosion control. The offered improvements in bee-keeping production will increase economic efficiency, and are very acceptable and adaptable for small farmers.

Bonari, E. and Zanchi, C  (1997) expressed that in Italy over 77% of the arable and forested land is represented by hilly and mountain sites subjected to occasional very adverse meteorological conditions. The consequences of intensive agriculture in these areas are described and soil conservation principles and practices to maintain sustainable agriculture are considered.

Subrat S and Singh, S. P (1997) describe that the human labour is as a renewable resource to develop sustainable agriculture by taking examples from a regional landscape of the Central Himalaya. Human labour contributes 63-65% of the total power in traditional wheat cultivation, about 30% in transitional agriculture, and 8% in modern agriculture. Contribution of human labour input to the total energy input decreases with modernization. Human labour efficiency increased with modernization. With labour saving devices, human labour in transitional agriculture was more efficient than in modern agriculture. Using manpower as a renewable resource, with a suitable framework of technology, can be a useful tool in sustainable food grain agriculture.

Manyong, M. A. and Degand, J (1995) describe the results of case study, carried out in the hilly Ijenda district, Burundi, uses data collected from 60 mixed farms in 1983/84. It shows that the farming system as a whole is not sustainable, that improvements would be possible if the system were made more efficient, and that it is vital to introduce new technologies if complete sustainability is the ultimate aim. It would be better to analyse the concept of sustainability at the community level, rather than at the level of the individual farmer. Multiple-objective mathematical programming models are appropriate to address such issues.

Peng Ting Bai (1995) studied the agricultural structure in one selected town and in 89 counties and 164 villages in the red earth hilly area of south China. Changes in the type of agriculture were investigated covering moves from arable to non-arable agriculture and away from agricultural production. The relationship between agricultural structure and sustainable development and the contributions of the most important agricultural products and of industries within the agricultural structure to agricultural development are considered. Ways of initiating new production items or agricultural industries and regulating the agricultural structure are considered in order to promote the development of sustainable agriculture.

CHAPTER 3

MATERIAL AND METHODS

3.1 APPROACH

To achieve the specific objectives as mentioned in Chapter 1, the information and data are required. To collect the data following methodology has been adopted for each variable.

The first objective of the study is identification of available water resources in the Deh Desvi, Taluka Thana Boula Khan, District Jamshoro. For the identification of the resources a Field Survey (FS) was conducted. The purpose of field survey was to provide a broad description of the main farming activities occurring in the area. Previously very little information on this topic has been published or cannot be easily accessed through the major publication databases so it was decided to use Rapid Rural Appraisal (RRA) techniques. RRA encourages the use of a mix of study methods, many of them relatively informal in approach. This permits some triangulation of observation, accepting a lack of quantitative accuracy in favor of a better qualitative understanding of the total system, its major components and how these fit together and function. This research study set out to determine “ what farmers are doing and why they do it that way”, and then to classify the main farming types for the purpose of further study and analysis of the sustainability of agriculture.

3.2 FIELD SURVEY

The survey were conducted from four major fields, Total 51 interviews were conducted which includes stakeholders such as farmers, landowners and field workers. In this survey a detailed data were collected which includes water resources, crops, irrigation application and methods of water extraction from the groundwater. The data, which were collected, also includes ownership, cost and usage of water and its supply to the irrigated field, cropping pattern, acreage of land. The major land holding were also collected on location wise. The major and minor land cultivation on each resource was also collected one by one from each farm. After the identification of available water resources in the area, the discharge was calculated using volumetric method and trajectory method. The discharge of each resource was measured three times to make assurance of reliable and accurate data set. 

3.3 
DISCHARGE

Following procedures were applied to calculate the discharge.

3.3.1
Pipe Flow

a) 
Trajectory Method

There are three essential requirements for discharge measurements in pipe flow.

1. Pipe must have the length not less then six times the pipe diameter.

2. It should be nearly level for easy to measure.

3. Pipe must discharge into air. 

The horizontal or vertical distances are measured from some points on he end of the pipe to similar point in the jet. For convenience, these co-ordinates are measured from the top of the inside of the pipe to a point on top of the jet. These horizontal and vertical distances are called x and y ordinates respectively.

Full Pipe

                      Q = 0.0174        x       D2 x  X                                                   (3.1)

         √ y

Where:

D = inside diameter of pipe in cm

X = horizontal distance in cm from end to surface to jet to drop y cm

Partially full pipe

Q = 0.0174       x        D2 x  X      x            a                                 (3.2)


                        √ y                       A

Where:

a
=
Area of the jet at the end of the pipe

A
=
Cross-sectional area of the pipe

 (Where   a/A will be calculated from the following table by interpretation)
Table 3.1:  Ratio of a /A for pipes flowing partially full
	Z /D
	a / A

	0.5
	0.98

	0.10
	0.95

	0.15
	0.91

	0.20
	0.86

	0.25
	0.80

	0.30
	0.75

	0.35
	0.69

	0.40
	0.63

	0.45
	0.56

	0.50
	0.50

	0.55
	0.44

	0.60
	0.37

	0.65
	0.31

	0.70
	0.25

	0.75
	0.20

	0.80
	0.14

	0.85
	0.09


b) Volumetric Method

The discharge was collected in the collection box, and further calculations were made on the basis of information collected. 




Q= Volume/time.                                                                  (3.3)

3.4
CROPS
1)-
Secondary data collected from the Revenue Department, Thana Boula Khan, and 


Pakistan Agricultural Research Council (PARC). 

2)-
Primary data collected through Field Survey which includes.


a)-
Physical visit of each farm and,


b)-
Fill up questionnaires from each farm holder.

The water table has been collected from PARC and rainfall data was collected from metrological department, Karachi.

The collected data was analyzed to develop the scenarios in the study area for sustainable management of groundwater. The analysis mostly focuses on water available in the study area, usage of water for agriculture purposes and crop water requirement. 

CHAPTER   4
RESULTS AND DISCUSSION

The collected data have been analyzed and the results and discussions are narrated in this chapter as under: 

4.1
WATER RESOURCES

The water resources are groundwater and rainfall. However, the rainfall is being collected in reservoirs and recharge of groundwater. 

Table 4.1:   Water extraction methods and water use in Deh Desvi, Thana Boula Khan –2006

	Source
	Numbers
	Average Discharge (Cusecs)
	Av: Daily Pumping (hours)
	Annual Quantity of Water 

(acre-ft) 
	Use of  Source

	Dug well
	36
	0.37
	4.0
	1232.00
	Agriculture

	Deep Well
	11
	0.46
	14.0
	1638.00
	Agriculture

	Persian Wheel

(Nar/ Chahi/Charkhi)
	4
	0.06


	6.0
	33.60
	Agriculture

	Reservoirs
	2
	-
	-
	-
	Livestock & Domestic

	Khairati wells
	3
	-
	-
	-
	Domestic

	Water Supply Deep wells
	3
	0.89
	14.0
	805.0
	Domestic


Table 4.1 shows the water resources available in the study area. There are six types of resources available such as dug well, deep well, Persian wheel (Nar/Charkhi / Chahi) which are utilized for the agriculture purpose and the remaining such as reservoirs, khairati wells are utilized for drinking purpose (domestic and commercial). However, the reservoirs are used for livestock and also for nomadic people. 

Further, each dug well pumping 4 hours daily on average 0.37 cusecs. Total 36 numbers of dug wells producing annually 1232 acre-ft of water. Deep wells pumping 14 hours daily on average pumping out 0.46 cusecs, thus total 11 deep wells have extracted 1638 acre-ft annually. Persian wheel pumping 6 hours daily on average basis and pump out 0.06 cusecs, 4 numbers of Persian wheels are available in the study area that produces 33.60 acre-ft water annually. The total available water from all the sources has been estimated as 2903.6 acre-ft for agriculture.   

Table 4.2:      Location wise land cultivation in Deh Desvi Thana Boula Khan 2006

	Location
	Total Land

(acre)

 
	Mode of Land Cultivation

(acres)

	
	
	Dug well
	Deep well
	Persia Wheel (Nar/Charkhi/Chahi)

	Baro Road
	1065
	35
	180
	0

	Desvi Nai Left side
	2583
	228
	0
	6

	Desvi Nai Right side
	2406
	178
	0
	0

	Mandir Left side
	480
	0
	160
	0

	Mandir Right side
	1085
	0
	246
	6

	Gadooro Hills
	1541
	0
	0
	0

	Total
	9160
	441
	586
	12


Table 4.2 explains location wise land cultivation in the study area. The study area is divided into 6 parts covering total area of 9160 acres, from which the dug well is available in Baro road, Nai Desvi left side and Nai Desvi right side, that covers 441 acres of the land for cultivation purpose. The deep wells are in location Baro road, Left side of the Mandir and Right side of the Mandir, that covers 586 acres of the land. Similarly, the Persian wheel covers 12 acres of cultivated land for the location of Nai Desvi left side and right side of the Mandir. From all sources total 1039 acres of land is cultivated in the study area, which comes out total 11.34% during study period.

Table 4.3:     Mode of  cultivation in Deh Desvi Thana Boula Khan for the year 2006

	Ground water resources
	Total cultivated land

 (Acres)
	Land cultivated 

(%)

	Dug Well
	441.00
	42.44

	Deep Well
	586.00
	56.40

	Persian Wheel

(Nar/Chahi/Charkhi)
	12.00
	1.16

	Total
	1039.00
	100.00


Table 4.3 shows the sources of water and its usage for agriculture. The total land cultivated on dug well, deep well and Persian wheel are 441, 586, and 12 acres respectively and in percentage wise are 42.44%, 56.40%, and 1.16 % respectively.

Table 4.4:    Quantity  used for agriculture from the source available in Deh Desvi Thana Boula Khan –2006

	Source
	Number
	Av: daily pumping (hrs)
	Av: daily discharge (Cusecs)
	Quantity of water

(acre-ft)

	Dug well
	36
	4
	0.37
	1232.00

	Deep well
	11
	14
	0.46
	1636.00

	Persian wheel (Nar/Chahi/Charkhi)
	4
	6
	0.06
	33.60

	Total
	51
	24
	0.89
	2903.60


Table 4.4 shows total the dug well are 36, which run for 4 hours daily, and pumping 10.5 lit/sec, which produces 1232-acre ft of water yearly for a period of 280 days. Deep wells are total 11 that are averagely running for 14 hours per day and pumping at the rate of 13.0 lit/sec averagely produces 1636-acre ft of water yearly. Dug well that run 6 hours, and  pumping 0.06 cusecs averagely on daily basis, produces 33.60-acre ft of water in a year. The total production of water in the study period was estimated 2903 acre-ft averagely.

The days considered calculating the total water available in a year is based on 280 days, because the total duration of Onion crop from sowing to harvest is 140 days, and the Onion crop is grown twice a year in the study area. 

4.2 LAND CULTIVATION ON VARIOUS SOURCES 

Table 4.5:
 Cultivation on dug wells in Deh Desvi Thana Boula Khan –2006

	Source of water
	Crop
	Total water requirement of crop 

(ft)
	Area

(acres)
	Net volume of water

(ac-ft)

	Dug well
	Onion
	2.70
	180.0
	486.0

	
	Wheat
	1.06
	68.00
	72.08

	
	Vegetable 
	1.64
	68.00
	111.52

	
	Fodder
	1.64
	70.00
	1114.80

	
	Carrots
	1.15
	50.00
	57.50

	
	Cotton
	2.87
	3.00
	8.61

	
	Mango
	2.46
	2.00
	4.92

	
	Total
	441.00
	855.49


Table 4.5 explains that the land cultivated on dug well is 441 acres with different crops. The crop water requirement was calculated which shows that the onion crop for 180 acres requires 486 ac-ft, wheat for 68 acres requires 72.08 ac-ft, vegetable for 68 acres is 111.52 ac-ft, fodder for 70 acres requires 1114.80 ac-ft, carets for 50 acres requires 57.50 ac-ft, cotton for 3 acres requires 8.61 ac- ft and Mango fruit trees for 2 acres requires 4.92 ac-ft. 

Therefore total water requirement for 441 acres is estimated to be 855.49 acre-ft which has come out from the dug wells. 

Table 4.6:      Land cultivation on deep well in Deh Desvi Thana Boula Khan –2006

	Source of water
	Crop
	Total water requirement of crop 

(ft)
	Area

(Acres)
	Volume of Water

(ac-ft)

	Deep well
	Onion
	2.70
	245.75
	663.52

	
	Wheat
	1.06
	135.00
	143.10

	
	Vegetable 
	1.64
	85.25
	139.81

	
	Fodder
	1.64
	55.00
	90.20

	
	Carrots
	1.15
	60.00
	69.00

	
	Ber
	0.98
	5.00
	4.90

	
	Total
	586.00
	1110.53


Table 4.6 explains the land cultivation on deep well and crop water requirement. The crop water requirement is calculated on the basis of ON FARM WATER MANAGEMENT FIELD MANUAL, Volume VI, and IRRIGATION AGRONOMY. For all the crops cultivated on deep well, the crop water requirement is 1110.53 ac-ft. 

Table 4.7:
Land cultivation on Persian wheel (Nar/Chahi/Charkhi) in Deh Desvi Thana Boula Khan -2006

	Source of ground water
	Crop
	Total water requirement of Crop

 (ft)
	Acreage
	Net volume of water

(ac-ft)

	Persian wheel

(Nar/Chahi/Charkhi)
	Onion
	2.70
	3.25
	8.77

	
	Vegetable 
	1.64
	8.75
	14.35

	
	Total
	12.00
	23.12


Table 4.7 describes that total 12 acres of land was cultivated on Persian wheel and the crops were grown onion and vegetable. The crop water requirement was calculated for the onion is 8.77 ac-ft and foe vegetable is 14.35 ac-ft. The total crop water requirement was 23.12 ac-ft for 12 acres of land.

Table 4.8:     Total water requirement/ year and total losses/year in Deh Desvi Thana Boula Khan –2006 

	Source of ground water
	Volume of water 

(ac-ft/year)
	Required volume of water for crops

(ac-ft/year)
	Losses of water

(ac-ft/year)
	Losses 

(%)

	Dug well
	1232.00
	855.48
	376.51
	30.56

	Deep well
	1638.00
	1110.53
	527.47
	32.20

	Persian wheel

(Nar/Charkhi/Chahi)
	33.60
	23.01
	10.58
	31.5

	Total
	2903.60
	1989
	915.00
	31.5


Table 4.8 explains that three sources are available for the agriculture purpose. Dug well produces 1232 ac-ft of water per year whereas, total water requirement for land cultivation on dug well is 855.48 ac-ft for the whole year and the loss comes out 376.51 ac-ft (30.56%) on dug well.  The deep well produces 1638 ac-ft of water per year, the total crop water requirement for the area cultivated on deep well is 1110.53 ac-ft per year, the result brought out that 527.47 ac-ft of water losses on deep well; that is 32.20% of water losses from total producing water of deep well. Similarly, calculation was made for the Persian wheel that produces 33.60 ac-ft of water per year from which the total volume of water required for crops grown is 23.01 ac-ft and the resulting loss estimated was 10.58 ac-ft (31.50%). Therefore the total loss of water was calculated as 31.5% and the irrigation efficiency was about 68%. 

Table 4.9:
 Yield, expenditure, and income/acre on ground water resources in Deh Desvi Thana Boula Khan-2006

	 Crop
	Acreage

(Acre)
	 

Yield

(Mound/ac)
	On basis of 68.5% efficiency
	Total income

Million Rs.

	
	
	
	Expenditure

(Rs/ac)
	Income 

(Rs/ac)
	Net income

(Rs./ac)
	

	Onion 
	429
	250
	30000.00
	60000.00
	30000.00
	12.870

	Wheat
	203
	35
	12000.00
	15750.00
	3750.00
	0.761

	Vegetable
	162
	100
	10000.00
	40000.00
	30000.00
	4.860

	Fodder
	125
	250
	1500.00
	60000.00
	58500.00
	7.312

	Carrots
	110
	25
	2500.00
	5000.00
	2500.00
	0.275

	Cotton
	3
	35
	12000.00
	26250.00
	14250.00
	0.427

	Mango
	2
	100
	25000.00
	160000.00
	135000.00
	0.270

	Ber
	5
	200
	8000.00
	160000.00
	152000.00
	0.760

	 Total
	1039
	  
	27.151


The Table 4.9 shows that the crops are economically analyzed on 68% irrigation efficiency. In detail the onion crop cultivated on 429 acres produces 250 mound/acre, the expenditure incurred Rs.3000 per acre, the income generated Rs.6000/acre from which net amount generated Rs.30000/acre, thus total incomes is about 12.870 million rupees, as wheat crop generates 0.761 million rupees. Vegetables generate income 4.86 million rupees. Fodder crop was generated 7.312 million rupees. Carrots cultivated on 110 acres, yield was 25 mound/acres the expenditure was Rs.2500/acres, income generated Rs.5000/acre, net income was 2500/acres, and total net income generated 0.275 million rupees. Cotton crop was cultivated on 3 acres, yield production was 35 mound/acre, expenditure was Rs.12000/acare, income generated Rs.26250/acre, net income was Rs.14250/acre, total net income was 0.427 million rupees. Mango crop was cultivated on 2 acres yield was 100 mound/acre, expenditure was Rs.25000/acre, income generation Rs.160000/acre, net income was Rs.135000/acre, total net income on the whole crop was 0.270 million rupees. Ber crop cultivated on 5 acres, yield was 200 mound/acre, expenditure was Rs.8000/acre, income generated Rs.160000/acre, net income was Rs.152000/acre, total net income was 0.760 million rupees. The results brought out that seven types of the crops were grown in the area and net income generated 27.151 million rupees on 68% irrigation application efficiency.

4.3 STRATEGIES FOR SUSTAINABLE WATER MANAGEMENT 

Table 4.10:  
Categorized based on system applied

	Categories
	Crop
	System application
	Efficiency (%)

	1
	Fodder
	Sprinkler
	90

	
	Wheat
	
	

	
	Cotton
	
	

	2
	Ber
	Trickle
	90

	
	Mango
	
	

	3
	Onion
	Drip
	90

	
	Carrots 
	
	

	
	Vegetable
	
	


Table 4.10 explains from the previous detailed discussion that the whole crops were cultivated on furrow irrigation system. In this table the, Sprinkler, Trickle and Drip system will be introduced to save losses, and application efficiency will be increased up to 90% as well as increase yield productivity with high return benefits. In this table, the crops are categorized system wise, for example in first category the Fodder, Wheat and Cotton crops introduced on Sprinkler system, that works with 90% irrigation application efficiency. In second category Ber and Mango crops introduced on trickle irrigation system that works 90% irrigation application efficiency. In third and final category the Onion and vegetable crops introduced on Drip irrigation system that also works on 90% irrigation application efficiency. So, the table explains efficiency performance up 90% for all crops on the system introduced. 

Table 4.11: 
Strategy for sustainability of agriculture on 90% efficiency on ground water resources in Deh Desvi Taluka Thana Boula Khan-2006

	Crop
	Total water requirement

(ft)
	Previous land cultivation (acres)
	Potential land cultivation

(acres)
	Total volume of water

(ac-ft)

	Onion 
	2.70
	429
	500.00
	1350.00

	Wheat
	1.06
	203
	200.00
	328.00

	Vegetable
	1.64
	162
	160.00
	262.40

	Fodder
	1.64
	125
	150.00
	246.00

	Carrots
	1.15
	110
	0.00
	0.00

	Cotton
	2.87
	3
	0.00
	0.00

	Mango
	2.46
	2
	2.00
	4.92

	Ber
	2.00
	5
	430.00
	421.45

	Total
	1039
	1442.00
	2613.00


This table 4.11 shows the future strategy for sustainable agriculture in the area. All growing crops are cultivated on the basis of crop water requirement; land increased then previous experience because of reduction in water losses and improves the application efficiency up to 90%. The table explains the Onion crop has need 2.70 ft crop water requirement (C.W.R) for the one growing season, 500 acres of land will be cultivated as per planning instead of 429 acres, Wheat on 200 acres instead of 203 acres with 1.06 ft C.W.R, Vegetable on 160 acres instead of 162 acres with 1.64 ft C.W.R. Mango on 2 acres as per previous planning with 2.46 C.W.R. Ber on 430 acres instead of 5 acres with 2.0 C.W.R. Carrots and Cotton crops are rejected for the area because the growers of Cotton in the last year was one farmer, and carrots not necessary for the area because it covers more area and return has less profit, it has more losses during the growing period due to un necessary use. The Ber crop and fodder crop is increased due to the demand of market and high economic return. Further table shows as per planning 1442 acres of land will be cultivated instead of 1039, and the application efficiency will be increased up to 90%. 2613 acre-ft of water will be required for future planning of land cultivation for 1442 acres.

Table 4.12: 
Yield, expenditure, and income/acre on ground water resources in Desvi Thana Boula Khan-2006

	Crop
	Acreage

(Acre)
	Yield (Mound/ac)
	On basis of 90% efficiency

	
	
	
	Expenditure (Rs/ac)
	Income 

(Rs/ac)
	Net Income

(Rs./ac)
	Total Income

Million Rs.

	Onion 
	500
	250
	30000.00
	60000.00
	30000.00
	15.000

	Wheat
	200
	35
	12000.00
	15750.00
	3750.00
	0.7500

	Vegetable
	160
	100
	10000.00
	40000.00
	30000.00
	0.4800

	Fodder
	150
	250
	1500.00
	60000.00
	58500.00
	8.7500

	Mango
	2
	100
	25000.00
	160000.00
	135000.00
	0.270

	Ber
	430
	200
	8000.00
	160000.00
	152000.00
	65.360

	 Total
	1442
	   
	90.6350


This table 4.12 explains the discussion of the crop cultivation on the basis of economic return for the future planning. In previous table it is discussed that the area and application efficiency will be increased if the planned system of Drip, Trickle, and Sprinkler will be adopted on the behalf of the economic return for each crop is discussed as follows in detail for future planning. Yield per acres of the crop is fixed, as same as previous, but definitely it will be increased with the increase of performance of the system adoption, so the yield is considered same as previous. The Onion crop with yield of 250 mound/acre, Rs.30000/acre net return, and total amount 15.0 million rupees will be generated. Wheat on 200 acres, with 35 mound/acre yield, Rs.3750/acre net income, 0.75 million rupees will be return. Vegetable on 160 acres with 100 mound/acre yield, Rs.30000/acre income, with total 0.480 million rupees income return. Fodder on 150 acres with 250/mound acre yield, Rs.58500/acrem with total 8.75 million rupees income return. Mangoes on 2 acres with 100/acres yield Rs.13500/acre net income, total 0.270 million rupees income return. Ber on 430 acres, with 200 mound/acre yield, Rs.152000/ acre net income, total 65.360 million rupees net income for the year will be generated. The table shows that total 90.6350 million rupees income will be generated from whole crop of the year. 

Table 4.13:
Summary of net income before and after management options in Deh Desvi Taluka Thana Boula Khan-2006
	Total land

(acres)
	Land cultivated on efficiency 

 (%)
	Acres
	Net income on total land cultivation 

Million Rs.



	9160
	68.50
	1039
	27.151


	
	90.00
	1442
	90.635


	Net Benefit
	21.00
	403
	63.484



The table 4.13 shows very simple calculation of two discussed crops one was the experienced during the study period and the other will be proposed planning. Total land in the area for cultivation purpose is lying 9160 acres from which 1039 acres  (on 68.50% irrigation application efficiency) cultivated previously during study period and generated. Total incomes return 27.51 million rupees. Instead that the future planned 1442 acres of the land will be cultivated on 90% application efficiency that will generate 90.635 million rupees income. The results will be brought out that 403 acres of land, 21.5% irrigation application efficiency and the net benefit of 63.484 million rupees will be increased then previous experience. 

4.4
IMPACT OF WATER SHORTAGE ON LIVELIHOOD (AGRICULTURE) 

Table 4.14:    Rainfall data for 1987-2006 Thana Boula Khan Station

	Year

 
	Rainfall 

(Inches)

	1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006
	3.70

4.19

10.12

0.00

0.00

14.21

0.00

11.44

6.37

0.65

0.71

0.00

0.00

1.70

12.28

0.00

10.19

3.71

0.35

14.61

	Total
	94.23


(Source: Revenue Department Thana Boula Khan Sindh-2006)
This table 4.14 shows that the rainfall received by the study area in 20 years from 1987 to 2006. The study area received total rainfall 94.23 inches in 20 years with average of 4.71 inches per year. Instead that different report shows 9.84 – 11.81 inches average rainfall per year. This table indicates another message through the readings that is the drought conditions during the 20 years. If we goes deeply in the table it is clear that 6 years are that in which the area did not received single one inch of rainfall. This is critical position for ground water recharge as well as agriculture purpose. If we deduct these 6 years from the table we find 171 mm averagely per years. We known that the dug well and deep wells are depends upon the rainfall in the area due to shallow aquifers the dug well are easy to assess. 

Graph
4.1:
 Rainfall from 1987 to 2006 in Deh Desvi Taluka Thana Boula Khan


The figure 4.1 is co-related with the above table 4.14, it gives the same message in the graphical language of 20 years rainfall from 1987 to 2006; the difference is that it shows in bar diagram form.

Table 4.15:
 Drought period (non rainfall) in the study area during 1987-2006
	Year
	Rainfall

(Inches)

	1990
	0.00

	1991
	0.00

	1993
	0.00

	1998
	0.00

	1999
	0.00

	2002
	0.00


Table 4.15 is developed from Table 4.14, which shows the years for which the study area did not receive any rainfall.

Table 4.16:
Water short period in the area during 1987-2006

	Year
	Rainfall

(Inches)

	2005
	0.35

	1996
	0.65

	1997
	0.70


Table 4.16 explains the rainfall received in 3 different years which less than 0.75 inches. This amount of rainfall cannot give positive sign for ground water recharge and significantly support to agriculture purpose.

Table 4.17:
Position of aquifer in dug well in different years

	Name of dug well owner
	Dia of well

 (ft)
	Total depth

 (ft)
	Depth of water column (ft)

	
	
	
	1998
	1999
	2000
	2001
	2002
	2003
	2004

	Ayoub Memon
	10.2
	84.9
	15
	3.28
	13
	18
	17
	18
	17

	Jan Mohammad *
	8.3
	80
	15
	7.4
	3.28
	17
	16
	16
	16

	Haji Nisar
	12.2
	98
	25
	22
	24
	29
	27
	28.5
	28

	Bahawal Khan Palari
	8.3
	88
	9.8
	8
	9
	17
	15
	16
	16

	Jan Mohammad Baplani
	8.3
	55
	5
	3.28
	4.4
	11
	9.4
	10
	9.7

	Ghullam Mohammad Baplani
	9.1
	50
	9.8
	6.5
	9
	18.6
	17.5
	18
	17.5

	Amir Bux Baplani
	8.3
	75
	15
	11
	12.5
	22.5
	20
	21.6
	20.5

	Ghullam Mustafa
	12.2
	80
	9.8
	7
	9
	20.5
	18
	20
	19.5

	Abdul Latif Memon
	12.2
	80
	8
	5
	7
	16
	14
	16
	15.3

	Abdul Hafiz Khaskheli
	11.8
	45
	12
	12.8
	10
	20.3
	18.4
	20
	15.3

	Mohammad Rafique Memon
	8.3
	40
	5
	2.5
	14
	14.2
	12.7
	13.5
	12.4

	Abdul Majeed Memon *
	12.2
	117
	17.2
	12.5
	14.92
	15
	23
	24
	23

	Hanif Palari
	10.2
	100
	19.97
	16.23
	18.69
	26.96
	25.87
	26.63
	26.07

	Dodo Khan Memon
	9.14
	80
	7.79
	3.77
	6.23
	11.64
	10.23
	10.69
	10.36

	Shoukat Ali Memon
	10.2
	100
	14.98
	9.51
	11.97
	21.91
	20.40
	21.25
	20.83

	Habibullah Memon
	12.2
	85
	16.99
	12.62
	14.7
	23.81
	22.43
	23.41
	22.79

	Ali Murad Memon
	10.2
	95
	14.76
	10.66
	13.85
	19.04
	17.48
	18.89
	17.22

	Mola bux Khaskheli


	9
	75
	7.01
	3.6
	6.4
	15.97
	14
	15.35
	13.71

	Nabi Bux Baplani *
	12.2
	100
	5.90
	2.13
	4.79
	13.97
	12.62
	13.61
	13.05

	Karim Bux Baplani
	12.2
	60
	4.92
	3.28
	4.1
	12.30
	10.36
	11.87
	10

	Mohammad Khaskheli
	10.2
	50
	4
	2.29
	3.28
	12.72
	11.21
	12.39
	10.98

	A Majeed Palari
	9.14
	105
	24.99
	19.51
	21.15
	28.79
	27.09
	28.6
	27

	Khamiso Baplani
	8.3
	60
	1.08
	2.13
	3.28
	10.5
	10
	10.3
	9.8

	Kaaro Khaskheli
	8.3
	55
	5
	2.3
	3.7
	9.8
	8
	9.7
	7.8


(* Dug wells are dried up to study period 2006)

Source: Rod-Kohi System Development and Management completion Report

(1996-June 2004).

Table 4.17 shows that the water table (water column) has been increased in the years 2001-2004 as compared to the year 1998-2000. The reason is that during 2001 and 2003 heavy rainfall has occurred and that has recharged the ground water and influenced to following year, therefore in 2002 and 2004 water table has remain save as 2002 and 2004. This expression is very clear that when more rainfalls it percolates down word and recharge the groundwater which available source of water for agriculture 

Through interviews by filling the questionnaire and focus group discussion and deliberation with agriculture stake holders, the following impact of water shortages were observed.

· The agriculture growth in Thana Boula Khan suffered a severe setback during 2001-2002 as a result of drought, while major crops registered a negative growth of almost 10%. The over all agriculture recorded a negative growth of 2.6 %. The drought persisted throughout 2000-2001, resulting in water shortage of up to 51% of normal supplies as against 40% of the previous year. The total flows of water in major river also declined to 109 billion m3. The rainfall has also been below normal. As a result over all agriculture registered a positive growth of 1.4% in 2001-2002 as against a decline of 2.6% during 2000-2001. Drought has also affected the performance of nonagricultural sectors. 

· The people migrate during drought water short and come back after rains in Thana Bola Khan. The main profession of people is grazing domestic animals, which provide them milk, meat and cash income. The people also practice subsistent agriculture, which entirely depend on erratic rainfall and to some extent groundwater, extracted from wells and deep bores, which again depend on rainfall. The status of drinking water in the drought prone areas is very pathetic as most people depend on stagnant water from open ponds, dug wells, spring, bore holes, shallow hand pumps. But this is a common observation that during the drought period, water in well turn brackish and even little bit poisonous, which results in outbreak of diarrhea and intestinal infections, resulting in mortality and morbidity. 

· In 2002 in Thana Boula Khan due to continued low precipitation over the hilly catchments areas. The available water for irrigation purpose is also under stress & sufficient water supply is not possible to meet the crop needs & civic like resulting hydrological drought conditions over the study area. . 
· From 1996 to 2000 the prolonged drought water short in Thana Boula Khan has decimated livestock and severely affected fruit and rain fed cereal production. 
· The drought’s impact on all crops has also been severe, with irreversible damage to large tracts of land, particularly in Thana Boula Khan where groundwater levels were already very low and receding at an alarming rate. 

· The Jamshoro and Dadu district is situated in arid and semi arid zone of Pakistan, and hence prone to drought. The people of Kohistan and Kaacho are dependent on rainwater, which recharges their ponds and wells the easy access to potable/safe drinking water is one of the basic human needs. According to government estimates, more than 20,000 families (or, 100,000 people) are affected in Dadu district. Their water needs come to about 3 million liters of water per day. This quantity is of course not available; rather existing water sources are fast depleting. People have to wait long hours to collect water from the wells. It was observed that women and children were spending land hour’s daily to collect water. As far quality of water is concerned, it is not fit for human consumption at all. There are complaints that quality of water has gone worst. It was also observed that taste of the water of some of the wells that used to have sweat has become brackish. At many places, people and animals were seen drinking water from the same open ponds. This has been causing health problems particularly among children and old people. It was also observed that in some villages water was collected in ponds and people are being forced to buy it. Water problem will worsen; there is no rainfall in near future. Water table has already gone very low and summer heat will further evaporate water that might lead to complete depletion of water in these wells. This may force people to migrate to canal and other places of their survival.
CHAPTER 5

CONCLUSIONS & RECOMMENDATION

From the study, following conclusions and recommendations are drawn.

· The study area receives water from groundwater, which is dependent only on rainfall. The groundwater is being extracted through three modes as deep wells, dug wells and Persian wheels. Major portion of land is cultivated by deep wells (56.40 %), followed by dug wells (42.44 %) and Persian wheel (1.16 %).

· Rainfall in the study area is erratic. For the last 20 years data (1987-2006), six years are zero rainfall, 4 years are less then 1.97 inches, two years are less 3.94 inches and remaining seven years are between 3.94 – 1.42 inches. This situation largely affected on agriculture and livestock because of poor ground water recharge.  

· Irrigation water is being used by traditional methods as basin and furrow irrigation, which give less irrigation efficiency about 68% and looses this highly valuable water by about 32%. To overcomes these losses, the drip/trickle irrigation system is suggested for fruit trees, onion and vegetables and sprinkler system is suggested for other crops which alternately bring 90% efficiency and improve crop yield significantly.
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· The net income generated in the area is about 27 million rupees, by using furrow irrigation method. It is suggested that if the irrigation is applied through drip/trickle and sprinkler systems and is managed through furrow and drip irrigation and value-added crops are grown then income generation could go up to 90 million rupees, which increase the interest of the communities and consequently the system can be more sustainable.

· The major crops being cultivated in the area are onion, wheat, vegetable and fodder. The onion is the most popular and cash crop which is being supplied to the Karachi city and also rest of part of the country. Fodder is only being used for livestock, which is the second livelihood option for the area.  

· It is also suggested that the rainwater harvesting techniques should be adopted which includes reservoir and groundwater recharge. 
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ANNEXURE-I

(3.2)

Questionnaire

Water resource picture:

·  Name of the Rod/Zam/Nai:

· Catchment area of Rod/Zam (acres/hat):

· Timing/months of flood:

· Duration of flood (hours):

· Estimated quantity of flood (cusecs):

· Mechanism of measurement of flood (cusecs):


· Units of measurement of water:

· Area irrigated under each flood (acres/kanal):

· Water diversion at the stream

      (earthen/mason/gated structures)

· Community involvement level in water

      Diversion process:

· How many persons are evolved in the process:

· How much time water takes to reach the field

      From main diversion (min/hr):

· How many time constructed Gandi/earthen bund:

· Weather the all area is irrigated (yes/no):

· Water is available at head, middle,tail in each flood:

· How flood water is applied to the fields:


· If they cut the dike, then how the dike is closed:

· How many person involved in this process:

· When last flood was received (Year/month):

· Do you feel there is equity in the system for 

     tail-end reaches:

· How much water is applied to the

      Fields (depth) and why:

· How much time faced drought during last 10 years (Year-Wise):

· Do you know about drip irrigation system (Yes/no):

· If yes it is being practice (yes/no):

· How many farmers (numbers):

· How many area covered (acres):

· How much area is under kalapani irrigation:

· Whether  under warabandi system:

· Do the farmers use the dug well water for agriculture (yes/no):

· How much area is irrigated under tube well (average):

          By means of Nos.                  Bullocks         Diesel pump sets        Persian wheal


· How many hours they operate    Bullocks       Diesel pump sets   Persian wheal

                                    Hours:

· When water came at the same point recharge (hours):

                           

                                                       Diesel pump sets            Persian wheal           Bullock 

· Repair maintenance cost (per year):  Rs.                                  Rs.

   Major crops grown:

· Rabi crops:

· Kharif crops:

· Cropped area of each crop (acres):


· Potential for increasing cropped area:


· Seasonal cropping calendar:


· Provisional of seeds by landlord/tenant/jointly:

· Provisional of labour by landlord/tenant/jointly:

· Reward to the landlord in the form of rent/part of harvest/services:


· Varieties of crops grown:

· Cropping system:


· Fertilizer use

      -  Sailaba irrigation :                       Rabi:                        Kharif:

      -  Tube well irrigation:                    Rabi:                        Kharif:

      -  Kalapani irrigation:                      Rabi:                        Kharif:

· Cultivation/tillage/practices

· Cultivation:

· Mould bund plow:

· Any other:

· Rental services:

· Tractor rent:

· Thresher rent:

· Seed grader:

· Pumping set:

· Crop yields per acre for wheat, barley and sorghum,etc

· Sailaba irrigation:

· Kalapani irrigation:

· Tube well irrigation:
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