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ABSTRACT

Pakistan is becoming a water scarce country wittirdag per capita water availability (<1000®nwhereas its
demand for domestic, industrial and environmemajgdly increasing resulting in to stress on susthlie water supply to
irrigated land contributing >90% of the agricultupgoduction. The present study was conducted topase supply and
demand under public and civil systems. Water demreaglassessed through CROPWAT 8.0. Irrigation sugopthe main,
secondary and tertiary canals were regularly moedtovhile at farm level, irrigation water applieal thajor crops was

determined using cutthroat flume.

Water supply remained well below the designedRabi (winter) due to prolonged break for annual regaid
maintenance. In civil system, relative water supyvS) as well as relative irrigation supply (RMas found greater
than public system. DurinBabi, RWS at primary, secondary, tertiary and farm lleweler public and civil canal systems
was 1.74, 1.05, 0.93, 1.14 and 1.93, 1.56, 1.@B, Tespectively. IKKharif (summer), RWS at primary, secondary, tertiary
and farm level under public and civil canal systemas 1.26, 0.93, 0.86, 0.72 and 1.31, 1.26, 1.1&), Irespectively.
Statistically, there was a significant differenece RWS of the two systems at secondary and tertergl, while the
difference at primary and farm level was non-sigaifit. Civil system had more generous water suppily an average
RWS of more than 1.5. It can be safely concludedl plublic system relies on rainfall, especiallyRebi season and would
not be able to meet the crop water demand in ayday, especially ifKharif. To maintain RWS > 1.0 throughout the
season, especially critical growth stages, condistater supply needs to be ensured in public systey minimizing the
annual operation and maintenance period and regltitéconveyance losses.

KEYWORDS: Ris, Rws, Public Canal System, Civil Canal SystBafi, Kharif
INTRODUCTION

The fact that food is becoming scarce has givem ghbbal insecurity which has now become a big lehake
around the globe with strong implications both émvironmental management as well as socio-econdmielopment.
This is exaggerated by persistent drought and undisgribution of rainfall resulting in low cropsfd in arid and semi-
arid regions. The use of economic arrangementsiier resource management seems increasingly pngriis arid

regions of the world.

A global ‘water crisis’ looms large for many dewvgilog countries. As water scarcity is increasinglgagnized,
most of the countries are expected to experiencetatal water stress, whereas, numerous otherfaeirgy problems in

securing sufficient water resources during occasiperiods of drought. Increasing population hasdtened millions of
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24 Rabnawaz, Muhammad Jamal Khan, & Tahir Sarwar

lives with starvation, particularly in world’s watscarce regions.

The second best irrigation system after Egypt tsfie@ of weaknesses. Pakistan is facing a seve#eage due
to limited opportunities for exploitation of new tea sources coupled with the rapidly growing demdrg main cause of
poor performance of irrigation system has been $semany as lying in the age of the system whictesidack to the
British colonial times (Halsema, 2002). It has anber of common problems like, water logging andngs| low
efficiency in delivery, rigid system designs, ind&gble distribution, over-exploitation of fresh gmad water, low
productivity, insufficient cost recovery and higbst of operation and maintenance. The source sktpeoblems is that
instead of addressing the root cause, the governhsn continued to treat irrigation water as a jgupbod, causing
inefficient pricing of water, misallocation of ragzes, and deterioration of systems. A huge amoiufuinds is being spent
on management, operation and maintenance of iisigalystem out of public exchequer. In contras, divil system have
minimal burden on the government sector and even Working well since centuries. The present stwdg designed to
compare the supply and demand under public antazinal system. For this purpose, two systems {palold civil) were
selected in Peshawar. The site selected for thi/girovides an excellent opportunity to compaeettto systems as KRC
(public) and JSC (civil), emerge from Kabul Riversg&m at the same point and run parallel commanralingge area of of

Peshawar and Nowshera districts.
REVIEW OF LITERATURE

Salvadoret al. (2011) assessed the seasonal irrigation requiremeBpain to find variances among different
crops and irrigation systems and reported averagermgation requirement fluctuated from 2683 a’ in controlled
deficit irrigation vineyard to 957 frha in rice and the application of irrigation wateudtuated from 1491 #ha to 1140
m® ha®, respectively. A standard deviation value of Gedemled large variations in annual relative irigatsupply index
(ARIS). Yanget al. (2010) observed irrigation requirement of wheaaiz®a, vegetables, fruits trees and cotton in Hebel
Plain using DSST and COTTNN2K models with crop Gomint approaches. Their study revealed that atign
requirement of wheat was 40% of the irrigation isgaent. Same was the case for irrigation requiréroécotton, maize
and wheat was 64% of the overall irrigation reguieat. The irrigation requirement was higher for thenths of April
and May. Changes in irrigation requirement werehiigas compared to statistical data both spatidltamporal. The
CWR for pineapple descended from 4.6 mm/day invegetative growth stage to 3.5 mm/day during mickiideye. Total
water consumed by the crop was 1421 mm during ¢as® whereas the cumulative ,B¥as 1615 mm. Nisagt al.
(2007) measured the water supplies and conveyaeepage and leakage losses at tertiary level ulgier They also
evaluated the farmers’ water distribution practicstng a set of primary as well as secondary dete. actual water
supplies were less than the allocation most ofithe it was reported. Similarly, the DPRs were dstow unity most of
the time. Conveyance losses were 4.7 to 9.56fdes 1000 meter whereas the leakage losses oft8.58.34 L8 were
determined. The study further indicated that weltstribution among farmers was inequitable with floent of Variation
ranging from 18.83 to 88.38%. Family water disttibn was practiced in the command areas of the ra@teses. Abbas
et al. (2006) found that crops were under and over iteiddor a certain period during growth stage. Témults indicate
that an integrated management plan is needed ttategrrigation needs in accordance with the amaper requirements.
It is noticed that there exists critical water ghge during restricted flows. Conversely, surplager supplies and surface
runoff is wasted during the forced irrigation turarsd seasonal monsoon rains. Kai@l. (2006) calculated the irrigation

requirement of rice and other crops using CROPWATIai-Nan, Taiwan. For the first and second cropsice the
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seepage was 1114 and 296 mm while net irrigatignirement (NIR) was 962 and 295 mm, respectivelythe upland,
NIR for maize gown in autumn and spring was 273 388 mm, respectively. The results of CROPWAT fouldle and
single rice cropping irrigation system showed CWR @19 and 507 mm, respectively. Roe (2006) obsktivat the main
characteristics of community management of irrigatystems in Afghanistan were; irrigation requieainembedded by
the beneficiaries being supported by the ownennsledves. Main decisions are taken by the beneiésiaon the basis of
land and contribution in respect of maintenancasthwere based on contributions in cash or kindémeficiaries. There

is a minimum role of state and issues / conflicessettled mutually.

MATERIALS AND METHODS

Description of Research Site

Peshawar is a district in the Khyber Pakhtunkhvevipice of Pakistan which derives its name from asRst
word ‘Pushpapura’, meaning the city of flowers and its flowers weegen mentioned in Mughal Emperor Babar’s
memoirs. The Kushan Kings of Gandhara founded Resmhaver 2,000 year’s age. Akbar, grandson of Mughaperor
Babar, who visited Peshawar in 1530 A.D., formaive the name Peshawar that means Hlbae of the Frontier’. The
city of Peshawar, as well as being the provinciitl, is the capital of the district with an aref1,257 km, and
population of 6.65 million according to 1998 PaiistCensusPashtu is the predominant language followed Hindko
and the national languadédrdu (DCR Peshawar, 1998). The Federally Administeretbal’ Areas (FATA) adjoining
Peshawar, the Khyber Agency which lies to its Wikthmand Agency to its North, Frontier Region (Sémibal regions)
and Kohat district to its South. The two settledtritts of Charsadda and Nowshera are situatedstiNorth and

North-East, respectively, whereas the Afghan boislapproximately 40 km in the West (Nasreen, 2006)

Peshawar valley is covered with consolidated dépasisilt, sands and gravel of recent geologicaés. There is
a small hilly area in the Southeast, which is & pamain Khattak range. The district is almosedtife plain. The central
part of the district consists of fine alluvial dejte. The cultivated tracts consists of a richhtlignd porous soil, composed
of a pretty even mixture of clay and sand whichgi®od for cultivation of wheat, sugarcane and tobadt is
approximately 1173 feet (358 m) above sea leved filghest point is at Tarakai with a height of &bd@0 m. In general
the sub-soil strata are composed of gravels, bosldad sands overlain by silts and clays. Saraljegjrand boulders are

important aquifer extends to a depth of about 2@® f{DCR Peshawar, 1998).

The research area located in district Peshawan igtaa-mountain basin (>5500 Kjnsituated at the southern
margin of the Himalaya. Peshawar lies between 33add 34° 15north latitude and 71° 22and 71° 42east longitude
(DCR Peshawar, 1998). Peshawar features a semehnthte with very hot summers and mild winters.nWf in
Peshawar, starts in mid-November and ends in laecMwhile summer months are May to September. fligkest
temperature of 50°C has been recorded on June9B®, While the lowest —3.9°C occurred on Januar$970. Wind
speeds vary during the year from 9.3 krit im December to 44 km frin June (DCR Peshawar, 1998). Mean daily
minimum and maximum temperature of 39.37°C (Jun#ul) and 0.32°C (December), respectively, was nasxb during
study period with a relative humidity of 60% (Augu® 41% (May).

Peshawar basin is mainly irrigated by the KabuleRiand its tributarieRRiver Kabul originates from the base of
Unai Pass in the Paghman Mountains near Kabul atefssPakistan at Sheen Pokh in the Khyber Agenoyth{-west)
and flows through the mountains until it reachesdal Dam. About eight kilometers downstream ofWarsak Dam, the

river debouches and gets divided in to three maianoels irrigating Peshawar, Charsadda and Nowstistdcts of
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Khyber Pakhtunkhwa (Gresswell and Huxley, 1965) Two major canal systems of the area are WarsaklCGystem
and Kabul River Canal Systems. These two systertts avhetwork of about 320 km long canals/ distiipigs/minors
irrigate 72,637 ha with a design capacity of 39 m(Nasreen, 2006). Kabul River Canal system comgtisbul River
Canal (KRC) and Joe Sheikh Canal (JSC) irrigatingi@a of 26,827 ha with a design capacity of 22n&§".

KRC is 61 km long regular canal commanding an afed6,715 ha in district Peshawar and Nowshera with
designed discharge of 12.74 si1. The water allowance for the canal is 0.76'lha’. KRC, which runs through Peshawar
and is recalled as a trendsetter for the otheelaapals, establishing the typical environmenhaRrovince (Murray-Rust
et al. 1997). The canal is completely managed by theipc@l Irrigation department through its team e€hnical and
support staff under a specific set of rules andilagns. Under this canal, irrigation water scHeduo the watercourses

on the basis of culturable command area for 24shthupughPaka Warabandi.

JSC is 43 km long canal irrigating with a commamdaaof 10,112 ha in district Peshawar with a de=ign
discharge of 9.91 hs™ and water allowance of 0.98 I* &a®. This is a civil canal, originally dug as an inatidn canal by
the farmers on self-help basis during the Aurangdagir, a Mughal Emperor’s rule close to the efid 7" century. The
canal is named after then Governor of the areaikBHdsman”. It was handed over to the local autiesiduring colonial
British time. While constructing KRC system, theitBh also enlarged and upgraded the existing J&Cleft it to be
operated as a civil canal by the local people. Eaatal under civil system is unique, and it is isgble to characterize
them in a more systematic manner (Murray-Rust, L9B7esently, Irrigation department is looking aftee technical
aspects and water supplies to the main canal whelisaibution of water is managed by the farmeoeding to the local
customs prescribed undRawajat-e-Aabpashi. The role of state is limited to the delivery ofixed ratio of water into the
system. There are no fix operational rules of travipcial government, at primary, secondary orideytlevel. Water is
diverted to the civil system either by the Governiewned (public) systems or diverted directly fréime river by the
beneficiaries but in both the cases the Irrigatlepartment is not involved in water distributiorthin the system. Khyber
Pakhtunkhwa Irrigation department is the only tusibn either completely or partially regulatingetie irrigation systems

in the province.

KRC (public) and JSC (civil) providing a good chamaf carrying out such a comparative study, wetecsed.
Keeping the size of the above canals, two minong, @ach from public and civil systems were seleeedamples at

secondary level to conduct this study (Table 1).

A multi-stage sampling scheme was adopted to stiveycrop water productivity under both the systefisee
watercourses were selected at head, middle andetadns of each of the above selected minors éraplTwo farms each
at head, middle and tail regions on six watercaurgaler both the systems were selected randondgpéxinder Shahi
Mahal minor, where it was not possible to seleoinfaat the head region due to small land holdifmgsis a total of 31
farms were selected on both the systems. Surfa @fr all the selected farms was also measured.pahiculars of

selected outlets are mentioned in Table 2.
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Table 1: Detail of Selected Sample Watercourses arthrms

Minor Watercourse Farms
Location Nos Outlet No/RD Location Nos

Head 2

Head 1 (1P1V?/°C°_’1F§ Middle 2

Tail 2
Wazir Head 2
Garhi Middle 1 (1P7V2V5CO/2F§ Middle 2
(Public) Tail 2
Head 2

Tai 1 2(;,‘382’_;? Middle 2

Tail 2

Total 3 - - 18

Head 1 7000/L (CWC-1) | - 1

Head 2

Shahi Middle 1 (1c7v?/500/2|_) Middle 2
Mabhal Tail 2
(Civil) . 26205/TF Head 2
Tail 1 (CWC-3) Middle 2

Tail 2

Total 3 - - 13

Table 2: Particulars of Selected Outlets under Puld and Civil System

Area
system| WC No. | €CA | outletType | FOW | 2Bt

(Ha) Type M)

PWC-1 63.5 Open Flume| Modula 0.23

Public | PWC-2 43.7 Open Flume| Modula 0.29

PWC-3 65.2 Open Flume| Modula 0.20

CWC-1 1.00 Pipe Modular 0.03

Civil CWC-2 163.9 | Open Flume| Modula 0.20

CWC-3 72.4 Open Flume| Modulaf 0.20

In regression analysis, a dummy variable approsclséd to test the significance in difference ierage values.
The dummy variable is one that takes the value D tr indicate the absence or presence of somegaratal effect that
may be expected to shift the outcome. Dummy vaemlalre "proxy" variables or numeric stand-ins foaliative facts
and are used as devices to sort data into mut@aityusive categories in aregression model. Inesgion analysis,
the dependent variables may be influenced not bglyuantitative variables (income, output, pricet,.), but also by
qualitative variables (gender, religion, geographegion, etc.). Dummy variables are used frequeitlyime series
analysis with regime switching, seasonal analyei @ualitative data applications. Since such véemlisually indicate
the presence/absence of an attribute, one way datify such attribute is by constructing artificigdriables that take
values of 1 and O indicating the absence of thabate. Variables which assume such 0 and 1 vadwealled dummy
variables which can be incorporated in regressiamets as quantitative variables and are are knosvarealysis of
variance (ANOVA) models. These models are usedsgess the statistical significance of the relatigmbetween a
guantitative regressand and qualitative or dumnpyessors. They are often used to compare the elifters in the mean
values of two or more groups or categories (Guja2808). In the present study, this approach weesiuo determine the
significance in difference of mean values of crogppattern, relative water supply, seasonal waiplied, yield and crop
water productivity using, computer software “EVie®/5 In order to test the significance of differenbetween the two

systems in the average cropped area under differeps, dummy variable approach was used. Usini iciigation
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system as a benchmark, following dummy variablgsassion model was used to compare the averageda@pa of two

irrigation systems:
CA =5, +BD; +v, (3.2)

Irrigation Water Supply and Crop Demand

Water supply in both public as well as civil systesms determined at primary, secondary, tertiaryfana level
during study period on daily, decade-wise, monteBasonal and annual basis. In order to obtairrrrgtion for the
selected public and civil systems, Irrigation déypant for data In addition to this, actual gaugalieg were also obtained
to verify the data obtained from from Irrigationpd&tment. To ensure the required water supply,tiothdil water of 0.75
m®s' is pumped into the system through a series of wlées (07 Nos). Daily discharge data of these weiks for the
study period was also obtained from the Irrigati@partment. Daily, monthly and annual irrigationtevesupplied to the
system at primary level during the study period wakulated by processing the available data. Ddigharge was
determined in the selected watercourses duringsthey period using head-discharge relationship atetiihe outlets
calibration involves measurement of actual difféféow rates and corresponding heads at upstredes %if the outlet. In
this method, coefficient of discharge (K) is calted for each set of measurements and multipliedeoretical discharge

so that the results match with the measured digeh@MI, 1998).

In present study, the selected outlets were caiirand head-discharge relationship curves weeblsted for

each of the selected outlets under both the systising following steps:

» Reference points were established at each outlag ushite paint before the start of the study aeced

watercourses and dimensions of were recorded ie-agsigned format.

» Type and dimensions/geometrical parametersdikiéet width (Bt) and outlet opening (Y) of the eetied outlets

were obtained by actual measurements at site.

» Depth of water above the crest level (H), FSL inataand crest ofnoga were measured using engineer’s level

and staff rod.

* Flow rate at the downstream end of each outlet weasured using portable cut-throat flumes of diffiersizes
(Ahmedet al; 1991). Corresponding heads (water depth) in #malcwere recorded for every discharge reading.
The process was repeated for several times andadge at selected outlet was measured for diffdlentdepths

(by decreasing/increasing the flow in canal with tielp of Irrigation department’s representatives).

» Coefficient of discharge was calculated for openmi#é and pipe outlets, respectively using followegpations

(Igtedar 2003):

— 3/2
Q=KxB, xG (3.3)
Q=CA(2gH)"* (3.4)

» Head-discharge relationship curves were developeplife 1-6) for each of the selected outlet in bthsystems

using discharge and depth readings.
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« Daily water level was recorded for each outlet spegially designed formats.

» Equations 3.1 and 3.2 were used to calculate thg diacharge (cusec) in the selected watercoudsemg the
study period in both the systems using head-digehelation curves. Water supply was calculategbah of the
selected outlet under both the systems for theyspediod on daily, decade and monthly basis. Averagter

supply of the selected outlets in both the systemsalso calculated from the data obtained.

Weekly water supply to each of the selected farntwin systems was measured using cut-throat flunte an

monthly as well as seasonal water supplied to &aomwas calculated during the study period.

www.iaset.us anti@iaset.us



30 Rabnawaz, Muhammad Jamal Khan, & Tahir Sarwar

Metrological data of maximum, minimum temperatunamidity, wind speed, sunshine hours and rainfabw
obtained from Agricultural Research Institute (ARTarnab Peshawar for the study period. Effectaiafall is generally
taken as 80% probability level (FAO 1992). It ig thminimum assured rainfall that will be availahte3 out of 4 years.
Daily rainfall data for the study period was ob#nfrom ARI, Tarnab PeshawarRvas calculated using CROPWAT
(Palanisami and Ramesh, 1997). Based on FAO PeMuvoatieth method (FAO, 1998), EWwas calculated for the study
period using CROPWAT 8.0. Khan (1991) also used ERAT Model using weather data. In order to calaulgt at
tertiary level, discharge (f8') was measured at head of each outlgt) (@d at Farm gate () once during the study
period under both the systems using cut-throat ékinf-ollowing relationship was used to calculatefdE both the

systems:
Q=10qQ,, +Q.] (35)

DWS in the root-zone was determined for wheat aaizencrops under two systems. Soil samples at @/80
30-60 cm and 60-100 cm depths were taken and ahlfigr moisture content using Gravimetric methoth¢B 1965).
Soil Bulk Density (BD) was determined using compugeftware “Hydraulic Properties Calculator” (Saxtand Walter

2009). Following equation was used to determineemvaépth in the root-zone for each irrigation event

DWS = D,,(FC - 6)+100 3.6)

Similarly, DWA to the wheat, maize, sugarcane ammhato crops was determined during each irrigaticent

including under both the systems using followingression:
DWA =[(QT)+ A]x100 @7

However, DWA in the pre-sowing irrigation was assahas the average depth DWA during routine irragegi
Application efficiency at each selected farm foreahand maize crops was determined during the giadgd under for
both the systems using following equation:

E, = (DWS+ DWA)x100 (3.8)

It is useful to have the concept of efficiency taable comparison of different management strateffiesa
particular system. The efficiency of any systeransindicator of the losses, which occur in the aysin view of its input
and output. In general, efficiency is defined asititio of output to input. Thus, the overall affiicy of a farm irrigation
system is the percentage of water supplied toatm that is beneficially used for irrigation on tilaem. E of two systems
was determined using following equation at tertiamels):

E =E,_xE, o)

ET, for the study period was determined on well esghbd procedures using the following equation tghou
CROPWAT 8.0 (FAO, 1992) for all the crops at faewél.

ET. =K. xET, (3.10)
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NIR of the wheat, maize, sugarcane, tomato, foddagetables and orchards for the full growing seagtdfarm
level during the study period under both the systevas calculated using CROPWAT 8.0 (FAO 1992) wihefalowing
equation:

NIR = ET, x P (3.11)

GIR for the wheat, maize, sugarcane, tomato, vetetafodder and orchards at the selected farmsalaslated
under both the systems during study period usifigviing equation:

GIR=NIR+E, (3.12)

Two most crucial factors in irrigation planning,si;n and operation are water supply and water ddmigine
ratio of water supply to demand constitutes an ingm concept of RWS as described by Lavine (19&82YS was
calculated for both the systems at primary, secondartiary & farm levels during botRabi & Kharif season using

following equation:
RWS = SWA+GIR (3.13)

In order to test the significance of differenceRWS in two systems, dummy variable approach wad.udsing
civil irrigation system as a benchmark, followingndmy variables regression model was used to conthar@verage

RWS of two irrigation systems:
RWS =, + BD; v, (3.14)

RESULTS AND DISCUSSIONS

In this chapter, the results related to croppinitepa during the study period (2010-11), croppezhand changes
in cropping pattern, irrigation water supply, crapter demand, water productivity and irrigationfpemance of public

and civil canal systems are presented and discussed
Irrigation Water Supply

Water supplies duringrabi and Kharif seasons for the study period at primary, secondariary and farms
levels were determined and compared for publicelsag civil canal systenit primary level, irrigation water supplies in
Kabul River Canal (Public) and Joe Sheikh CanaVi(Ciwere determined. At secondary level, water [@igs were
determined in Wazir Garhi (Public) and Shahi Maf@ivil). Water supplies at tertiary level were deténed in the
selected watercourses whereas supplies at farmvere determined in the selected farinsgation water supply during
Rabi season varied from 0 to 6.66 mm dayith an average of 3.82 mm dhjn public system while in civil system it

ranged from O to 8.47 mm dayvith an average of 4.98 mm dagFigure 7).
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Figure 7: Water Supply at Primary Level in Rabi

Total volume of water supplied to the command amehe season was 74% and 70% less than the dig@wgim
public and civil system, respectively. The canahaied closed for routine annual de-siltation araintenance for 71
days in public canal and 81 days in civil canaltays which is 34% and 38% of the total period Rabi season,
respectively. According to the approved schedulérrigation department, the closure period is 3@sdae. £'to 31
January each year. During the study period, théopged suspension of water supply in the canals maisly due to
rehabilitation of canal head-works under both ty&teams coupled with heavy rains during FebruaryMadch, 2011. The
civil canal remained closed during the last weekbofober, 2010 due to rehabilitation of canal headks and there was
no supply in the canal from 240 3" October, 2010. The coefficient of variation (Cfgf two systems was 74% and

80%, respectively. Overall, 23% more water was e in civil system as compared to public systeming the season.

In Kharif season, both public as well as civil system resgkifull designed discharge. Average supply record

under public system was 6.37 mm dayith a range of 3.26 to 6.63 mm dayn civil system, the supply recorded was
6.77 to 8.47 mm daywith an average of 8.38 mm dagFigure 8).
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Figure 8: Water Supply at Primary Level in Kharif

Total volume of water supplied during the seasos W& and 1% less than the design flow in public cind

system, with C.V. of 10% and 3%, respectively. &g supply in civil system was recorded 24% higlt@spared to
public system.

Water supply in the selected secondary canals weesrdined during the study period to know the \anmgin
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supply between the public and civil canal systerthestudy area. Supply in the public canal systaried from 0 to 4.13

mm day* with an average of 2.28 mm dhgluring the study period. In case of civil canateyn, the supply varied from 0
to 10.11 mm day with an average of 4.42 mm dagFigure 9).
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Figure 9: Water Supply at Secondary Level irRabi

A break in the water supply was also noted froffi 924" October, 2010 under public canal system while from
24" to 37 October, 2010 in civil canal system. Volume of evagupplied was 79% and 129% less than the desitmed
under public and civil system, respectively duedoal closure. Average water supply in civil casydtem remained 94%
higher than public system showing a significanfedénce. C.V of was 76% and 84% under public ani system,
respectively. IrKharif season, water supply in the public canal systereddrom 0 to 4.35 mm daywith an average of

3.82 mm day. In case of civil canal system, the supply vafiedn 0 to 10.11 mm daywith an average of 7.43 mm day
(Figure 10).
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Figure 10: Water Supply at Secondary Level irkKharif

The irrigation supply duringharif was observed relatively smooth as compardgat®. More fluctuation in civil
system was due to break in supply off 630" August, 2011 and"2to 4" September, 2011. In case of civil system, there
was a break of five days during August 2011. Csyistem received 95% more water as compared touhkcpsystem

which is quite significant. Water supplies in tledested at tertiary level system was determinedhdiuthe study period in
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both the systems. DuririRgbi season, the average supply under public canamysfs recorded as 2.36 mm dayith a

range of 0 to 4.01 mm dayduring the study period. Under civil canal systewerage supply of 4.56 mm dayith a
range of 0 to 9.27 mm dayFigure 11).
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Figure 11: Water Supply at Tertiary Level in Rabi

Water supply during the season remained suspemded/fand 79 days in public and civil system, retigely.

C.V. of 77% and 79% for public and civil system vadsserved. Water supplies in the civil system vwa8% higher than
public system.

In Kharif, average supply under public canal system in sslewatercourses remained 3.79 mm tayth a

range of 0 to 4.01 mm ddyUnder civil canal system, the supplies rangethffoto 9.27 mm daywith an average of 7.58
mm day*(Figure 12).
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Figure 12: Water Supply at Tertiary Level in Kharif

During the season, 100% more water was recordewiinsystem as compared to public system. Watepkuin
this season remained suspended for 4 and 5 dagshbiic and civil system, respectively. The C.V.&werage water
supplies at tertiary level was 17% and 23% whichtigbuted to canal closure. Ahmatal. (1999) reported that actual
water supply below the allocation might be due adation in water supply in the system, closing apeéning of outlets
and rainfall. Water supplies to the selected famese determined under both the systems during tilndy oeriod on
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weekly-turn basis.

During theRabi season, average monthly water supply to selectedsfavas 2.2 mm ddy however, it varied
from 0 mm day (Feb) to 3.7 mm day(Nov) under public system while in civil canal & it ranged from 0 mm day
(Feb) to 6.7 mm dal (April) with an average of 3.2 mm dayMaximum supply was noted during November, 2010 in
public and April, 2011 in civil system. Due to amhuae-silting/maintenance and repair/rehabilitatidrhead works, the
water supply remained suspended for 11 turns dat 89 turns in both the systems. Average wateplsum the civil

system was 49% more than public system. C.V. ahtian of 64% and 73% in public and civil systemspectively.

In Kharif season, average monthly water supply in the sslderms was 3.8 mm dayhowever, it varied from
3.4 mm day (Jun) to 4.3 mm day(Jul and Aug) under public system while in civdinal system it ranged from 5.0 mm
day’ (Aug) to 7.6 mm day (Jul and Sep) with an average of 6.7 mmdayut of total 22 turns, the supply in public
system remained suspended one turn due to rotaitartail farmers while no break was observed wilgystem during
Kharif season. The C.V. in the seasonal water supplyreédavas 13% and 16% in public and civil systerspeetively.

Average water supply in the civil system was 78%ertban public system.
Crop Water Demand

Crop water demand/crop water requirement (CWR) eedsulated at primary, secondary, tertiary and feanel
using CROPWAT Model 8.0 for the present study. mation of potential water requirements for agrigrét allows
assessing the expected level of water stress dpd imeimproved planning, allocation of water resms and sustainable
groundwater management. The variation in climatthatregional scale effects the selection of cnog the evaporative
needs of crops. Potential evapotranspiration,Edr the study period was calculated using CROPWAddel 8.0. ET
varied from 0.89 mm day(December) to 5.07 mm dayJun and July). Pongpet al. (1998) reported similar results
regarding ET for Peshawar. Khan (1991) calculated, 51510 mm for Peshawar durifi@bi season using 20 years (1970
to 1989) weather data through CROPWAT Model. Heoregal net monthly irrigation requirement of 164 nivin) and
282.3 mm (Max) for Peshawar valley Rabi season. A total of 310.8 mm rainfall was recordadng) the study period
with effective rainfall (Ry) of 248.8 mm. Average rainfall varied from 0 t@ 5om day" with an average of 0.67 mm day
Uneven rainfall was recorded during the study pkshowing significant variation with C.V. of 170%ugust, 2011
remained the wettest month with a total of 84.6 nainfall, whereas no rain was recorded in Octobet Bovember,
2010. Application efficiency (g of 61% and 62% was recorded under public systermg Rabi andKharif, respectively
while in civil canal system the Ea was 57% and 568%Rabi and Kharif seasons respectively. Similar findings were
reported for Right Bank Canal (RBC) by Pacha ana&rKi2002). Khalig (1980) also reporteq & 68% and 71%.
Subhashet al. (1985). FAO (1989) also reported similar restitts canal irrigation systems. Hanks (1965); Clynmal a
Corey (1973,74); Johnsaat al. (1978); WAPDA and CSU (1978), Colorado State @mity staff (1979); Thomas and
Bower (1980); Ashraf and Munir (1981); Thomas (1984%APDA (1984), Rehmatt al. (1987); Copland (1987), Khan
(1997); Ahmad and Fakhr-i-alam (1996); Ahnmaidl. (1996), worked on the magnitude of conveyancsdssn Pakistan,

and irrigation water losses found were in the raofg@0-50% in the unlined watercourses.

Irrigation efficiency (E) of both the systems primary, secondary and tgrievel was 51, 55 and 44% under
public system duringRabi and 47, 50 and 41% Hharif, respectively. While in case of civil canal systehe E remained
51, 55 and 45% ifRabi and 46, 50 and 40% durin¢harif, respectively. The jEnainly depends on canal length, type of

soil and canal condition. More water is lost indoranals. Similarly, conveyance losses are highédight soils. In lined
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canals, only small portion of water is lost. If aéare poorly maintained, bund breaks are notinegb@roperly and rats
dig holes, a lot of water is lost. As both the danader study are lined Bf 95% for lined and 70% for unlined canals
was assumed (FAO, 1989) to calculate thelrEindia, the on-farm irrigation efficiency of msibcanal irrigation systems
ranges from 30 to 40% (Navalawala, 1999; SinghQ2®¢hereas; the irrigation efficiency at basin leseas high as 70 to
80% (Chaudhary, 1997).

Average CWR durindRabi season under public canal system was 2.89 mnt, deywever, it varied from 1.38
mm day* (December) to 4.94 mm dayApril) while in civil system, average CWR of 2.88m day* with a range of 1.61
mm day' (December) to 5.33 mm dayApril) was observed.

Higher CWR in the beginning of the season was @uenaize crop which was harvested in October, 2010,
resulting in to overlapping. Fluctuation in CWR wa&sorded with 40% and 37% C.V. under public andl system,
respectively. CWR in civil system were 3% highercasnpared to public system during the seasorKHarif, CWR
ranged from 2.84 to 8.92 mm dhwith an average of 6.32 mm dhin public system while in civil system it variesn
3.95 to 10.63 mm daywith an average of 7.70 mm dayCWR was maximum during July, 2011 and minimunMiay,
2011 both in public as well as civil system. Flatton in CWR was recorded with C.V. of 32% and 3D%ihe two

systems, respectively. Durirkharif season, CWR under civil canal system remained 2@¥& than public system.

Relative water supply (RWS) ranged from 0 to 4.26hvan average of 1.74 duririgabi season under public
system while in civil system it varied between @ &05 with an average of 1.93. Maximum RWS wasneed during
December, 2010 while in January to March, 201lreihained zero due to many reasons like, canal @pdaw
temperature; and lack of rainfall. Average RWS dimil system remained 11% higher than public systéater supply
remained higher than CWR most of the time in tleigsen in both the systems. Duridbarif, RWS varied between 0.74
and 2.44 with an average of 1.26 under public sysiéhile in civil system, it fluctuated from 0.79 ca2.22 with an
average of 1.31. Maximum RWS was noted in May, 20ile minimum in July, 2011 in both the systemgerage RWS

in civil canal system was 4% higher than publicesys

Average CWR duringRabi season under public canal system was 2.67 mm, deyvever, it varied from 1.28 to
4.51 mm day while in civil system, average CWR of 2.94 mm dayith a range of 1.46 to 5.25 mm dayas observed.
Higher CWR at this level was also observed due &izencrop under both the systems. Fluctuation inRCWas 39%
under both the systems. CWR in civil system renthih8% higher than public system. Durikdarif season, CWR
ranged from 2.34 to 7.86 mm dawith an average of 5.53 mm dhin public system while in civil system it varie
3.56 to 9.54 mm daywith an average of 7.10 mm dayCWR was maximum during July, 2011 and minimunMay,
2011 in public system while in case of civil systemaximum CWR was recorded in July, 2011 and mimmin
September, 2011. Significant fluctuation in CWR wasorded with 33% and 29% C.V. under public and siystem,

respectively. DuringCharif, CWR under civil system was 28% more than pubjatem.

RWS ranged from 0 to 3.06 with an average of 1.0%nd Rabi season under public system while in civil system
it varied between 0 and 4.41 with an average dd.Vaximum RWS was recorded during December, 2010Jamdary,
2011 under public and civil systems, respectivRl¢S was zero in January-ll to March-II due to casiasure as well as
lack of rainfall. Average RWS for civil system reimad 49% higher than public system. Average wai@pky remained
higher than CWR at secondary level in both theesgst During<harif season, RWS varied between 0.48 and 1.90 with an
average of 0.93 under public system while in csyktem it fluctuated from 0.68 to 2.10 with an ager of 1.26.
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Maximum RWS was recorded in May, 2011 in publictegswhile minimum in September, 2011. In case ol system,
the supply was maximum in September, 2011 and noiminm August, 2011. Average RWS in civil system v&&86
higher than public systerAverage, water supply in the public system remaieed than the CWR during the season due
high temperatures. Duringabi season, CWR ranged from 1.50 to 5.50 mm’daith an average of 3.30 mm dhyn
public system while in civil system it varied from67 to 5.91 mm daywith an average of 3.45 mm dayCWR was
maximum during April, 2011 and minimum in Decemb&10 in both the system. Fluctuation of 41% an% 38 CWR
was recorded under public and civil system, respalgt During the season, CWR under public canatesy remained 5%
higher than the civil system. Kharif season, CWR ranged from 2.12 to 9.66 mmi'dsith an average of 6.29 mm day

in public system while in civil system it variedbfn 2.93 to 11.11 mm d&ywith an average of 7.53 mm dayCWR was
maximum during August-I and minimum in May-II inthahe system. Fluctuation in CWR was recorded0ds 4nd 37%
C.V. under public and civil system, respectivelyring Kharif, 20% higher CWR was recorded under public system a

compared to the civil system.

During Rabi season, RWS varied between 0 and 2.52 with arageesf 0.93 under public system while in civil
system it fluctuated from O and 3.74 with an averaf1.61. Average RWS in civil system remained @8@ter than the
public systems. Maximum RWS was noted in Decembearid minimum in January-1l, Il and March Il inoth the
systems. IrKharif, RWS varied between 0.43 and 2.04 with an aveo&d§e86 under public system while in civil system i
fluctuated from 0.49 and 2.60 with an average @B1Average RWS in civil canal system remained 3iigher than
public systems during the study period Rabi season, CWR ranged from 1.02 to 4.99 mni‘daith an average of 2.81
mm day" in public system while in civil system it varietbin 1.08 to 6.85 mm ddywith an average of 3.35 mm dhy
Maximum CWR was recorded in October, 2010 in publind April, 2011 in civil system while minimum CWWRas
recorded in December, 2010 in both the systems. halues of CWR during December, 2010 were due t@ lo
temperatures together with heavy rainfall of 10 @ during the month. Significant fluctuation in CWfs recorded
with 55% and 65% C.V; under public and civil systeespectively. During the season, CWR under puldital system
remained 19% more than civil system due to moreemdémanding crops like vegetables. Durigtwarif, CWR ranged
from 3.78 mm day (May) to 8.44 mm day-1 (June) with an average .666mm day in public system while in civil
system it varied from 5.73 mm dayMay) to 9.45 mm day (July) with an average of 7.83 mm daMaximum CWR
was recorded in July, 2011 while minimum valuesemexcorded during May, 2011 in both the systemsv kalues of
CWR in May were due to low cropping intensity. Rlation of 29% and 21% in CWR was noted under pudntid civil
system. During the season, CWR under public caysdém remained 18% more than civil system due teermegetable
crops. During the season, RWS varied between lh82a14 with an average of 1.14 under public sysidite in civil
system it fluctuated from 0.43 and 4.18 with anrage of 1.69. During November and December, 2060pm@mnally high
values of RWS in both the systems were due to lmp demand and more water supplies. RWS in ciwateay was 48%
higher than public system. RWSHKihnarif varied between 0.42 and 0.97 with an average7® Onder public system while
in civil system it fluctuated from 0.82 and 1.1%twan average of 1.00. RWS in civil canal remaih&gher than public
system throughout the season except August, 20dlav@rage, RWS in civil system remained 39% hidhan public

system.

During Rabi season, both the systems have more water thasrxdpedemand at all levels, except tertiary level in
public system, where only 93% demand is met. Dukiharif, public system remained short of water by 7, 1d 28% at
secondary, tertiary and farm levels, respectiiedyge range of fluctuation in RWS at all the levatgh inRabi andKharif
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indicate that canal water supply is determinedgipally by considerations of system operation aas ho relationship to
the crop requirements. Comparing the two systeéS Ror the civil system remained greater than pubjistem during
the study period with significant difference atlalNels. Statistically, there was a significanfefiénce in the RWS of two
systems at secondary and tertiary level betweentviloesystems, however, the difference at primarg &rm level
remained non-significant. The distribution evidgn# the crucial activity in an irrigation systeffihe objective of any
scheme is an adequate, timely and reliable supptheo water demanded at the farm gate. In schentesemvater is
scarce in relation to crop demand, the effectivé pmlicious distribution is the most important ftina of irrigation
management (Bottrall 1980). Inadequate water supasyalways been a great problem in any systemtdilhegion has
chronic water shortage in case of public systene fiigher values in RWS show that the availabilityvater is not a
problem as far as the civil canal system is corexfout in contrast public system is suffering shget of water during
Kharif. In addition, it can be inferred that the issuavater management is in jeopardy. The main reafortlis problem
are the meager attention given by the farmer fogdtion water management. Better management cgmoie the
situation as about 40% water is lost in the systaastly at field level. One of the attempts madethwy Irrigation

department is installation of additional tube wétlsupplement the supply in water scarce areas.
CONCLUSIONS AND RECOMMENDATIONS

Volume of water supply remained well below the daed flow duringRabi season due to prolonged break for repair
and maintenance of primary and secondary canalth &tative water supply as well as relative irtiga supply was
found greater in civil system as compared to pubstem. With relatively better water supply, farrapplied more water
under civil system as compared to public systensait be concluded that public system relies orfathirespecially in
Rabi season and would not be able to meet the croprwateand in a dry year, especially in peak peritab(if). In order
to maintain RWS of above 1.0 throughout the seasspecially critical growth stages, consistent watgply needs to be
ensured in public systems by minimizing the anmaration and maintenance period and reducingdheeyance losses.

Following are fewrecomendations to improve the RWBoth the system:

» Irrigation supplies should be according to crop dadhkeeping rainfall pattern in view and relativatev supply
should be kept within the range of 1.0 to 1.5 fotimum productivity.

« Annual maintenance period notified by the Irrigatidepartment shall strictly be followed to increaskative

irrigation supply and reduce its dependence orfatin

» Application as well as conveyance losses need tediaced to ensure sustainable water supply teribes and

improve the water productivity of both the systems.

» Farmers in both the systems need to be educatelthtgye the cropping system from wheat-maize to highe

crops (vegetables) and judicious use of availalatenfor their crops.
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