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ABSTRACT

Pakistan comes in a region where rainfall is uniyrend not enough to support the requirements opsr
To meet ever-increasing food and fiber requiremenftsapidly multiplying population, Pakistan’'s agtilture
depends heavily on irrigation from surface and grduwvater resources. Canal water resources alone raot
sufficient to meet crop water requirements. To owere this deficiency, farmers exploit the groundeweesources.
In present study, concentration was given to gfatite impact of ground water on wheat productiorDistrict
Jhang, Punjab, Pakistan. A production function veatimated by using the regression technique. Restlthe
study showed that tubewell irrigation accounts &out 19 percent of the total cost of productiorwbieat crop.
The results also showed that land holding, useilizer, experience of farming and sodium absiomptatio were
major factors affecting gross value product (GVPwheat. Adjusted FRof the study was 0.59 which shows the
goodness of fit of data. Significant F-test showleat results were overall significant. The findingsthe study
would help policy makers to formulate policies patimg wheat production through efficient and wisiiaation of
ground water resources.
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INTRODUCTION

Water is the most important for human existenaanfits drinking water requirements to the producid
food and fiber. Since, Pakistan lies in a sub-trapcontinental lowland semi-arid region where fains untimely
and not enough to support agriculture sector. Tetraeer-increasing food and fiber requirement pfdly growing
population which is growing almost at 1.8 percemilly (Govt. of Pakistan, 2008), Pakistan’s Agliare has to
rely on irrigation from surface and groundwater riBlaawa, 2002).

Pakistan has the largest canal irrigation systethefvorld. Despite this extensive canal irrigataystem,
the cropped area is over extended and water reradinsting factor in the growth of agriculture.i#t reported that
one of the main factors of low agriculture prodantis the shortage of irrigation water and its pommagement
[Awan, 1979 and World Bank, 2004]. In recent yearater sources have emerged as one of the masattitemes
of sustainable development, especially in arid toes of developing world like Pakistan. Considgrithat 70
percent of water usage in the world is for agrimdtbut in Pakistan this is as high as 95 perdeiat/{, 2004). Thus
the canal water resources are not sufficient tot roep water requirements. To fulfill this deficen groundwater
resources have been extensively exploited. Oubtaf trrigated acreage of 18.84 million hectare®akistan 7.79
million hectares are under canal irrigation and i are irrigated by underground water with majoare of 7.7
million acres of canal plus tube wells (Govt. okBtan, 2008a). Table | shows that surface irr@ais the main
source of irrigation as alone in Punjab more tharMha of land are being irrigated fully or partyaWvith surface
irrigation water.

Tablel. Irrigation sourcesin Pakistan

Total Canal Canal + Tubewell(%) Tubewells Wells+Other (%)
(Mha) (%) (%)
Punjab 14.33 28.4 50.5 19.1 2
Sindh 2.34 94.8 -- 5.2 -
NWFP 0.92 85.4 - 6.7 7.9
Baluchistan 1.17 41.9 38.7 28.4 111

Source: GoP 2007
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There were about 250,000 public and 350,000 prittdie wells working in various irrigated areas panft
country in the year 2000 (Alam, 2002), but the fegiincreased to 983312 in the year 2005-6 (GdvRakistan
2008a) . The access to water in irrigation systeorfdce canals & tube wells) is tied to ownershidamd in
commanded area. The rigidity of such a system dirthe productivity of surface irrigation and tubelis. The
private tube wells are best solution where farnh@nge more control over the timing of water deliesr(Renfro and
Sparling, 1986). The availability of irrigation veatgives farmers greater flexibility and controltire amount and
timing of water application and provide insurangaiast disasters with better water control with athagriculture
productivity is likely to increase because of fastl) Risk of production decline with improved ematontrol (2)
Farmers may use more inputs (3) Crop yield maye@mee and (4) Farmers may switch to more profitabtevater
sensitive crop (Meinzen-Dick, 1994).

However, the quality of ground water is poor in maseas of Pakistan. Its continuous use leadsito so
degradation, which affects the crop yield, and teresgrious problem of salinization of productivedsa. The paper
aims at to study and report the effect of use @ugd water on the productivity of wheat. Sectiorotlpaper
discusses methodology followed by results and dsion in section Ill. The recommendations are givetie last
part of the paper.

MATERIALSAND METHODS

The research was conducted to estimate the imgagtoandwater on wheat productivity. District Jhang
was selected for the study because the wheat veamajor crop of that area and water quality of wieelatively
better in the area than the surrounding areas. deredistrict Jhang is a multi-crop area whicheatefs heavily on
the ground water for raring variety of crops. Dftan the study area were collected during the @&#6-07. The
study was based on primary data with sample siz€06f respondents from two villages (Chak No 197 auil
Chak No. 248 J.B.), i.e 50 respondents from ealthge. Different regressions techniques for proiumcfunction
i.e. Simple linear, Semi-log and double-log wergtdd but the results of best-suited technique (delaly) were
best fit to the model. Log-log production models {be Cobb-Douglas production function) have besedu
extensively in the literature for agriculture sect®arker et al. (1985) had used the term log-log model
interchangeably with Cobb-Douglas production fumetiCDPF). Gordon (1989), Zhang and Xue (2005) and
Bhanumurthy (2007) had also employed the CDPFeir gtudy.

The independent variables were selected as lardingelland preparation cost, cost of seed, cosuloé
well irrigation, cost of canal irrigation, fertigz cost, farming experience and value of sodiunom@dti®n ratio of
ground water.

Functional Form of the Model
Double log production function is expressed inftren of equation as under:
INGVP =f, + B InHold + B, InL.Prep. +3; InS.cst. H3,4 InT.Well+ Bs InCanal +¢ In Fert_cst 43, INExp. +pg INSAR+¢;

Where,

InGVP = Log of gross value of wheat (Rs./ha)
InHold = Log of land holding of the respondent)(ha
InL.Prep = Log of cost of land preparation (Rs./ha)

InS.cst. =Log of seed cost (Rs/ha)

InT.Well=Log of cost of ground water (Rs./ha)
InCanal =Log of cost of canal irrigation (Rs./ha)

InFert_cst = Log of cost of fertilizer (Rs./ha)

InExp = Log of farming experience loétrespondent (Years)

INSAR = Log of sodium absorption ratio, from watest reports of laboratory
Bo = Intercept coefficient

B1- Bs = Coefficients to be estimated

& = Random error term

RESULTSAND DISCUSSION

Data collected by field survey was categorized andlysed in two ways. The data of variables were
analyzed by specific (log- log) regression functéord remaining was presented in tabular form. Heesfabout the
socio-economic characteristics of the responddikts,age, education, and land holding revealed #imiut 40
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percent of respondents were of age above 40 yetegacy status of the respondents revealed thate4@ent of the
respondents were illiterate in the study area. Wagronly 20 and 13 percent respondents were haduagation
level up to primary and middle level, respectivelyhere were 52 percent small, 27 and 21 perceniumednd
large farmers, respectively. It was revealed framvey that 3 percent farms were having clay loaihasal 21, 42
and 34 percent farms were having loamy, sandy laathsandy soil, respectively. It was noted thatetiveere 19
farmers out of 100 respondents, who used 5 nunddfersltivation for land preparation and 81 perceseéd more
than 5 numbers of cultivations for land preparatibime data depicts that 2 percent farmers useghtron less than
5 in number, 80 percent farmers used 5 numbersrigfaiions and only 18 percent farmers out of tat@D
respondents used more than 5 numbers of irrigatilhris also clear that 68 percent of total irrgghtarea was
irrigated by tube well source alone, while 4 andp&2cent farms were irrigated by canal and cana pibe well,
respectively. The data shows that 15 percent famsed 0-1 bag of fertilizer per acre, 38 percerewsing 2 bags
per acre and 47 percent farmers were those who isetl above bags of fertilizer per acre. In cdsseed rate
used by farmer on per acre basis, majority of farinee, 62 percent used seed rate between 45-peikgcre. About
25 and 12 percent were using 40- 45 and above &0pley acre respectively.

Table Il indicates per acre cost of production glevith percent of total cost for wheat crop in gtady
area. The results show that 27.20 and 18.71 pecoshtwas incurred on fertilizer and tube wellgation for wheat
production in year 2003-04. The remaining 1.730953.98, 10.44, 8.04 and 12.03 percent expenditeze spent
on irrigation, land preparation, chemical applicai, seed, harvesting and threshing, respectively.

Tablell. Cost of Production for Wheat Crop in Year
Activities Cost /ha (Rs.) %
Land Preparation 1944 15.09
Sowing 0 0
Seed 1351.26 10.44
Fertilizer 3521.0 27.20
Chemical Applications 515.25 3.98
Canal Irrigation 224.13 1.73
Tube well Irrigation 2419.6 18.71
Harvesting 1040.40 8.04
Threshing 1592.10 12.03
Labor cost 323.86 2.50
Total 12943.14 100

Table 11l shows the revenue generated by the fasrogthe study area for wheat cultivation. The ager
revenue generated was Rs. 12597.46 per acre. Bragevgross margin that farmers were receiving faonacre
was Rs. 7226.83 per acre.

Tablelll. Revenue of wheat production

. Price Straw Price T. Revenue
Yield (kgs/ ha) Rs./Kg (Kgs/ha)  Rs/Kg (Rs / ha)
2815 9.95 2810 0.86 30426

To determine the factors affecting the productibwbeat, data was analyzed by using the doubl€léag
log) production function. Results of analysis wiffoss value of wheat product as dependent vareatdecosts of
important inputs as independent variables are pteden Table IV.

The value of coefficient of land was .045 with pivsi sign and was significant at 99 percent confie
level. Results show that with 1 percent increadand holding, output increases by .045 percenge ddefficient of
cost of land preparation was positive with valueG@#97. However it was non-significant. With 1 pmtincrease
of seed cost, .1031 percent of gross value of whexrtuct increases, it was also non-significane Taefficient of
tube well irrigation shows that with increase opdrcent cost there was .0712 percent decreaseds galue of
wheat product. It was also non-significant with Vllue -0.87. The reason for this could be duever atilization of
ground water that disturbed the soil structure pladits did not grow healthy and resulted in lowldidf 1 percent
of cost spent on canal irrigation increases, .084¢nt gross value of wheat product increases,usecde quality
of canal water is very good and fit for irrigatic®ne percent increase of expenditures on fertilim® increases
0.219 percent of gross value of wheat product. \&demwith one percent increase in experience ofegrth039
percents decrease of gross value of wheat prodastabserved although was non significant. The negatgn
could be due to the reason that old farmers dichdapt new technologies easily. The farmers of seamgrea were
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old and illiterate that is why they were strictgllbwing the old traditions. The results show théth one percent
increase in the value of sodium absorption ratie, GVP decreases by 0.045 percents. The resulsigiaigicant at
90 % confidence level. With the increase in SARewndiecome unfit for irrigation and if applied dess soil

structure and hence decreased the productivity.

Table V. Coefficients of Variables for GVP

Variables Coefficient T.Value Significance
Constant (3&1;9) 8.64 0.000
InHold ?OO(?;) 251 0.014
InL.Prep ?0003’3?8) 1.03 0.305
InS.cst. ?6.18933) 1.10 0.275
InT.Well igzgg) 0.87 0.390
InCanal ?0008(?0) 1.40 0.165
In Fert_cst ?02013?6) 6.06 0.000
INExp igzgfg) -2.10 0.039
In SAR 8:8‘1‘2) 2.45 0.017

Square (R =0.683 Adjusted R Square =0.598

DW =1.84 F. Value = 16.06

The value of R Square fRwas 0.68 and Adjusted R Squaré)(Ras 0.598, showing that about 60 percent
variation in the yield was explained by the pregfictariables included in the equation. The ovaesllts were also
significant as was shown by F-value. Durbon-WatfdW) statistics also showed that model was freenfthe
problem of correlation. It is clear from resultattlground water was decreasing the wheat yieldHisitdecrease
was non significant. The reason behind this waswlagéer quality of the area was found satisfacforyirrigation by
the tests of laboratory. The average values ofethmajor parameters affecting the water quality E&ectro
conductivity (EC), Sodium Absorption ratio (SAR)daRRSC were 1.26, 5.71 and 1.70 respectively. THeega
should be in the range of 1-1.5, less than 10 aho\b2.25 respectively for water best fit for imigon. If any one
of these values is not in a particular range thatemshould be used carefully. The result showsdberall quality
of the ground water is good in the study areas tléar from the results that increase in the diggraund water is
decreasing wheat yield but this decrease is venyimal.

CONCLUSION AND RECOMMENDATIONS

Cost of tube well irrigation was the major companehthe total variable cost of production of thbeat
crop after the cost of fertilizer and analysis shdwhat increased use of tube-well water was rfettifig the crop
income significantly since the average water qualitthe study area was within the normal range.ti@nother
hand SAR value (since it was marginally within tivaits) was significantly affecting the crop incomk was
evident from these results that use of sub-stangiamgnd water could actually reduce the wheat anopme if used
without proper precautions.

The following policy recommendations could be foravéor considerations:
i. The GVP of wheat in District Jhang could be incesblsy using recommended practices in the area.

ii. Efforts should be made to use available amountoftwater in an efficient manner to achieve maximu
productivity.

iii. Poor quality of ground water is injurious to pldmalth; the farmers should keep in mind this thimat
water quality of all areas is not fit for irrigatidherefore before applying ground water its quaiiould be
checked from laboratory.

iv. Farmer should be motivated for the conjunctive ob&oth water resources (Canal and Ground water).
Because this gives better results (Meinzen-Dicl®4)9

V. The farmers in Jhang were using their own seedcegpesmall farmers. They should be motivated $e u
certified seed of good quality for increasing theductivity.
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Vi. It was observed during study, that there was needdricultural extension services to fill the daggween
modern technology at research stations and thatiped by the majority of traditional farmers.
Vii. Govt. should provide facilities of water and s@&isting laboratories at tehsil level, so that fasnssuld

make better decision about water application anidhtei@ance of soil fertility.
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