7 In case of the above, the mean annual sediment yield was"
' estlmated at 2 25 million tons from intake structures to distribution
'__point.at boLh pTOJBCtS. - As ‘shown in Table 3=30, Appendlx,g he,j

;COntents of suspended load (in percent) could be dlvided into - three.

:1_c1asses by grain 51ze, dnd the -sandy’ materlals will be s1lLed Ane the

-~ canals The contents of sandy materiald were measured by about 30. per

'centhoi-the total_value based-on~observat10n data in-the Indus_Basin.

. As a result of the sald evaluatlon, the - sandy materials is 0. 675
'milllon tons (675 000/2 60 = 260 000 CM) of the total sedlment yield

in the Desert Pat Feeder Canal
. 3) Water Quality’

_ Durlng the 1nvest1gat10n at the Project site, the water. samples
were tsken from the+Desert. Pat. Feeder Canal; ‘and- were ‘analyzed  at
QWater dnd 8011 Laboratory of Hydrogeology Dlrectorate of WAPDA,
‘Quetta.a The results of : analy91s are -tabulated in Table.IIT1,2-32,

Appendlx.
II1}2}4;9'Geology.end'Soiis

Conservatlon of the existlng farm lands and reclamatlon Sof the
Waste 1ands for 1ncre381ng agricultural productlon under reasonable
:supply of irrlgation water would be:a very 1mportant prerequlslte for

'successful contrlbutlon to the natlonal food securitys oo o

ObJectives of the 5011 sutvey in relatlon ‘with  the' geologlcal

_:features of the Progect Area are:

‘a ) to tonduct soll proflle observatlons for. checklng the results of

the exlsting soll surveys, and

. ;,“3:1_ .



b) “to 1nvestigate problems which will be- derived from 8011
o .properties and water quality for improving agricultural

- managements aiming to increase farm products.-'
1) Geology

- The: survey ‘area is composed of the alluvial deposits between the
Marrllw Bugti Hills and -the Indus Rlver.ﬂ Geologlcal features.
.1nclud1ng the Area are shown in Fig. TI1.2-1.

The piedmont deoosits'(qod)'transported.from.the'Hills'sﬁich are
' formed with- sedlmentary rocks of Tertlary (Tmp) oover MOST part of
the: eastern area The flood plain depGSltS (Qbf) traasported by the
braided streams from the north spread ‘on more than a half of the .
Area, malnly west. side of the rallway (Nuttal - Jacobabad) On this
plaln, bralded streams brought new. depos1ts (Qbr), recently in . the

Quaternary, whlch stretch elong the eastern part of the Area.

_ The Indus Rlver dep051ts (Qcm and me), early recent in: the
Quaternary, form the hlgher and lower terraces in ‘the marglnal
south-western part and ‘the 'extreme east part near’ the Guddu Barrage,_

respectlvely. -

"These‘allﬂviai covers rormihg'theikachhi Piain sre'very thickr
thousands of feet at places and have fairly finer textures except the
pledmont deposits (de) whlch ‘are composed of ooarse detrital::
materlals from the adJacent hrgh 1ands, [T
2) Soils

a). SoiieéerEyif

SOll Survey Pro;ect of Pakistan wére 1n1t1ated in 1964 by
FAO/UNDE " with. the help of" USA and ‘the Netherlands.: From 1972 -

:;%32;



-;Pakietan'Governmeht sueceeded'the Survey'to.makeﬁl‘QSO 00b scaled
soil: maps and had covered a hali of- the country up .to 1979. _
Considerlng very short: span of the field. observatlon, the survey was
-focuseed to exam1nat10ns of the soil profiles as many" as possible and

to analyses of the 5011 Sample° in the field.

_ The proflle survey was. carrled out in March, 1982 in .cooperation
.with Jhatpat OfflLe of Irrlgation and Power Department, Baluchistan
_Government and Mr. ‘Malik Zahur Ahmad, Research Officer, 5011 Sallnlty

" and Water,table Surveys, Plannlng Division, WAPDA, Lahore. .

-The'oumheriot'pit surveyawas=25fonly in. total because of . the -
limitedfsurvey term. The. soil samples: taken from each of - the: soil
_profilesltotaied.IOZ anﬁ:ﬁeremaoelysed'for pH.andoeleetrical
cohduCtivity_(EC)-after air—-drying and grindingithem in the base camp
(Rest.House; Jhatpat). . Portable pH and EC Meters,eouldnServe-well

for these analyses.

ThE'weter samples were taken at the same -time as the pit survey
from the Maln Canal, dlStIlbUtOIles and stagnant pools. Twenty. eight
samples were subjected ‘to the ‘game analysls as the s0il samples.

Location of—prt.and water sampling sites is glven in Fig.111.2- ~2.

Out ofhall'soil Samples;.24 semples of'eix.SOil profiles'were
:eent'to the'laboratory"of Soil'ﬁalinity.ehd-Wetertahle Surveye,.
IWAPDA Lahore for further : phy51cal -and chemical analyses. -The. '
.results of field, and laboratory analyses and proflle descrlptlons are

-arranged in. Appendlx 111, 2-4,
' b)  Soil Classification

- The 50115 of the area” developed on the Kachhl Plaln consist. of
ftwo different_parent materlals. Major part of the area has soils’
developed iﬁ:the piedmont sediments_brought down by the torrents from

the Marri-Bugti and other hills in the north. -They are calcareous

£
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'-due to Tertiary materials. mainly "shales, sand stones and
limestones.. rhe other soila of the -area- are der1ved from the Indus
_River allavium oxrigins of which ‘are -calcareous sedimentary, igneous

_and'metanornhic rocks of the Himalayas. -

At some places near the border areas ‘the both materials are more

o less contamlnated each other on the flood plains through frequent

stream to1rents, resultlng in developing a wide varlety 6f the soil

types. -

'FAO/UNESCO - Soil Map of the World (VII-L, 1977) classifies the
soils of Kachh1 Plain into one group un1t of Yermosols. 'Hanlic
Yermosols are domlnant and | d1v1ded into two - -pliases,- Yh 27—2a'
(non—sallne) and Yh 26~ 2/3 a (sallne) The former occuples most of
the Plain while thé latter distributes from the eastern'part-of_the
Plain ‘to: northwards along the Indus River._ The boundary lines cuts
the Command Area of the Pat Feeder Canal at around RD 328 and goes

down to Jacobabad side.
l) Ceneral Soil Features

As was polnted out- already, the.soile'in'the Projecr“Area have
developed on the flat alluvlal plains, and. they are’ mostly medium to
- fine textured except small areas of 'sand dune and its vicinity. :The

soil color 1s IOYR 7/3 to 6/3 when dry with almost no accumulatlou of
humus under the hot. and arld cllmate Structural development is very
weak in general, platy (stratlfled) or blocky (homoginlzed) structure
are observed more or - 1esa accordlng to the frequency and age of the
fdep051t10ns : Con31stency, “when dry, is extremely h1gh' the
compactneas ranges 20 ‘to’ 30 ‘as expressed as 1ndex of Lhe.5011
Hardness Tescer,_presumably being able to surpress or stop the root

" growth;

0verallr hlgh clay content of swelling property gives. an

excellent feature of hexagonal sulface cracks every where the 5011 is

- -35-
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dried up: on the'fallow'fieldo._ pH ranges from 8.5 to 9.3, moderately-

-alkaline due to the calcarlous nature of the soils.-

- Almost all layers of the profile give moderately distlnct color'
development with Benzidin reagent _olutlon, indicatlng the. presence

of active manganese inzthe soils,

In some proflles very fine- gypsum crystallines -and oxidlzed lron

mottles appear.

Varylng salt status is noteworthy in the’ Area, 1t ranges from.
non—saline to strongly sallne ‘not only in the surface 5011 but also

'-1n_the_subsoll.

Vegetatlon is also quite. charaeterlstlc 1n specles and extent to
-the Area of; arid soil condltlons w1th a scarce ralnfall and a varlant
1sojl salinlty; _ Moreover,x long-lasted uncontrolled, grazing And’
?felling have con51derably deterlorated the vegetation cover both in
densrty and quallty The clrcumstances have been recogn1zed as one

of causes of 5011 degradatlon progre851ng globally.
CLi) 'Soil'Series=and'Associatlons

e Accordlng to the 8011 Survey of Paklstan that followed the
i?comprehenslve so1l classification system, USDA (7th Approx1mat10n,n
11969), soils 1n Jacobabad = Usta Mohammad Area ‘are div1ded 1nto 34
i}Soll Series excluding sand dune (35), marshland (36), rlver—bed (37)
Lfand urban land - The s011 map was prlnted however, w1th a unit.of

Soil Associat1on whlch was composed of a few Soil Serles..

Only several Soll A35001atlons are major, Jhatpat Associatlon
(31) ‘ranks f1rst formlng almost 80 per cent of the total area,
followed by Katchar Assoc1at10n (28) and Kundl Assoc1atlon (34)

Chhater Assoc1at10n (29), stratlfled coarsentextured soil, appears_

-7
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 Fig. 111.2-3 SOIL MAP OF THE PAT FEEDER CANAL COMMAND AREA
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Table TI1.2-1" Soil Series and Area of their Assocxatlons Distrkbutlng in the Cnmmand
Area of the Pat Feeder Canul Prnject

Parent Haterln!
Soil Stratum Forn

Salinity and Alkalinity * ~ ' s  Series “Map Symbol Mo,  Area“§fZ
Texture aad Othars- . - - SO Name - .- .. {Associatien) . Association

{acre) - . (3)

A, River Alluvius ﬁeposits
2. P*maqn.-:ei 501!5 P
2-t Non- 5nl1ne, non- alknll. wathout mottles o S . T .
-1-2 Loams Ui e _‘Nabijur Co(ley 3,140 0.5
Hon sdlxne, non- alka]n. wlth nott!es I ‘f. S  . . _; '  _'.. R
;256 Sility clays. 1 o0 el D0 pacaa i o e 00 1.
Sy Saling, pon-alkali, w@thoﬁprmott!es_ ’
2.1 Saline, fion-alkali, with mottles _ _
2.4-2 Silt loams and v.£. sandy loams  ~ © C fajhdn - 0 gy 0 Yalssa 1
2-4-4 Silty clays, gypsum spécks . Jucobhabad . '(6) - 4,920 0.7

8. Piequn# Alluvium Deposits

1. Stratificd Soils .

“b-1 Loamy sunds ﬁnd'%aﬁés,:eXCéss-draiuéd_ o ::Chhaiéf 7 : .IE§5V S 120,230 - .9
1-3-Silt loams and v.f. sandy loams " Bolan g (2n 15,520 2.3
1-4 Silty clay’ !oams, mod £.variant ’ .. Katchar ) ) - ) .  _

1-5 Silty clays - R T - (28) s 7S

2. Homogenlzed Solls

2-1 Non- salane, non- dlkdll

211cuﬁ,mcmananrwuai ST Kund Co ~'Uﬂ:.--,.&ﬂm 13

1-1-2 Clays not underiain by river ailuv1um L Jhatpat B . Py : S L ] "
structured to more than 90 ém depth” S : ‘;‘)‘ ol SAQ‘?ZO c1

21 S.Claya,,undgrlaxn by r.d. below 60 cm .~ ... Kandhket - DR 75 S 8,690 . 13

C. Miscellaneous Areas

Duno land oo (35) 8,620 1.2

Total . 688,000 100.0-

Source: Redonnaiisanca”saiiﬂSﬁrﬁéy4(JapdbAbéd;ﬂsta'Bbhammad);'séil"suryey of Pakistan, MFA 1972,
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. rather ftequently'éontiguous‘to dune Jands in the eastern part of the

Area through areal extent is very small,

| Jhatpat Soil Series 1s ehefeeteriZedJBy fine textured soils
v(SlC) of subrecent pledmont alluvxum of moderately well— developed
.:etrecture. The WAPDA Soil Survey having been conducted since’ 1977
'hae teaiized-a predominance ‘of moderately fine texture (S;CL) w;th
less medlum and without ~any fine texture (SiC) Structure
development also seemed to vary w1de1y in this Series. The present
survey also found several lands w1th1n the Jhatpat Assoelatlon areas,
where other,Soll Series’ different from the Associating geries were
included, Fig. 111.2-3 is a eo11 mep of the Command Area scaled_at
1:250,000 in which partly corrections Were-made beeed on these survey
-_results. Table III.2-1 glves a brief explanat:on of these Soil

' Serles and extent of their Assoc1at10ns.

Further detailed survey_will be needed mostly for the Jhatpat
Agsociation area With additional care of soil ssalinity in order to

extend better soil managements to increase land productivity.
- ¢) Land Capability Classification

Accordlng to Lhe ‘Provinsional Map. of 5011 Degradatlon Rlsks,
recently complled by FAQ (1981), the Kachhl Plain Area (Yh 27 2a) and
the alluv1um along the Indus River (Yh 26— 2/3a) are de51gnated ‘ds
lands w1th moderate w1nd erosion, moderate to strong sallnlzatlon and.
hlgh phy51cel degradatlon by waterlogglng aud 1rr1gat10n.. These -
_assessments are understood to suggest that an urgent motlon ‘must be

_taken on the use and conservation of the 1ands by appraising the soil

potentlallty properly

Asﬁdeseriﬁed already, tﬁe.soils:in the Command Area. have more_or,
less 11m1tat10ns in general agrlcultural uses of the land. Laod
'capablllty is evaluated with these llmltatlons and the land area’
classifled with thelr relatlve su1tab111ty for sustained field crops

or for gra21ng.

-40-



_ Table 111.2-2 Land Capablllty Cld%%]flCdtJOH of Seils

Class

I

IIT

v

VITL

Source:

Sub-class

irTTs

irlla

irillw

limitations

in the Pat Feeder Landl Lommand Area'

Limitations

"No ‘or only

slight

Soil Series, Variant : ACrcagQ_Pércent

- {acre) (%)

“Pacca anthropic’ surface

V_ar.iant_ (9 .

" Nabipur (16)
‘Bolan (27)

Bolan loam variant (27) 14,740 2.1

-Minor :

limitations;
fine textuféd;
réfhef slowly
permeable;
Cor :
slightly surfacp
saline

.Sl1ght1y %allne/
sodic

1mmm&kﬂy'

drained; fine

Ctex.; slightly

irIlla

saline

Moderately -

saline/sodic .or
strongly -saline
but with gypsum;

““high watey table

"ifIVw:
1rIVs
VIIIe

within 10f

Fine tex.

seepage .’

_Sandy,see page_.
,Updulat;ng,

'erosion"'

of Paklstan 1972

Pacca- (9}

. Pacca moderétely deep: (9)
~Pacca slightly saline (9)

Nablpur fine surface (16}
Nabipui nioderately coarse

‘variant (16)
~Bolan moderately coarse
variant {27)

“Katchar (28)
Katchar moderately fine

variant (28)

Jhatpat (31)" _
Jhatpat ‘overwash (31)
Jhatpdt slightly saline
(31)

‘Kandhkot ' (32) _ : e
'Kund] (34) _ 620,370  90.2

Nahipur sllghtly N .
salinc (16 _ o - -

Pacca lmperfectly dralncd

- (9):

-Pacca 1mperfect1y dra;ned‘ L _
 511ght1y sallne (9) ' 6,900 1.0
Jacobabad (6) B
~Jacobabad lmpcrfectly

~drained " (6)
Rojhan (27)°

Rojhan’ fine surfaée (27)

. Rojhan imperfectly S s
_dralned (27) o _ 12,530 1.8

Pacca pooly drained (9) = - -

Chhiféf'(zgj S lf'23'200;_' 3.4

Sh}f?lng sand (33) L 10,260 1.5
Total 688, 000 100.0

'Reconnalssance 8011 %urvey, Jacobabad Usta Mohammad Soil Survey
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: i)”.General Land.Classiflcation S

_: The classification.method adopted by So1l Survey of Pakistan has
fbaélcally similar .structure to, the USDA  Land Capability
Clas51f1cat10n (USA—Soil Conservatlon Service, 1961), 'The method'has
two level of generallzatlon. Land Capabillty ;Class: and: Land -
,Capability Subclass. The ¢lass numerals, I. to ' VIII, are:prefixed

wWith "ir" on the assumption’ of irrlgation.

The second grouplng, subclass, is- des1gnated by the quds of
11m1tat10ns which are expressed in. the small 1etters follow1ng the

class numeral

- In Table - III. 2-=2 'are excerpted -the'-results '1n land
'_claselflcatlon of the . soils occurlng in the Progect Area, These

' results show a very simple pattern that almost all lands of the Ared
are ranked at Class irlls with mlnor llmltatlons of clayey texture: or
Vsllght surface sallnlty.- It may not seem to supply informations
,enough to conduct exten51on work for the farmers. As a matter of
fact, not a few lands have been observed to assume saline phase to an

”extent of affectlng_the.crop_growth.
i1). Classifieation=with Soll Salinity

- The WAPDA has surveyed the Indus Ba51n since’ 1977 and has
-released data pertalnlng to the selected projects with survey units
Ttotallng 21 m11110n acres of - 1rr1gated areas..: Subsequently, they .
~have 1ssued ”Atlas of Soil Survey Results for Prov1nce—w1se Pro1ects

~in 1981 It comprises many areal maps scaled ‘at- 1t ?50 OOO on soil

- sallnlty, water . table depth,’ groundwater quallty and 5011 textural

"groups ‘The Command Area of the Pat Feeder Canal PrOJect extends
.over three maps, ‘34 p.~ 39 D - 39 H of the Atlas. These maps are of

Ernece531ty very useful to- grasp overall features of the Progect, but -
a.appearlng not enough to get more prec1se status of the SOll hazards.

:fFOT example, the soll proflle chemlcal condltlon map illustrates only

42—
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:TEble IIT.2H4_- Area of Soil Profile and Frequcncy oE Surface

Sod1c1ty 1n the Pat Peedor anal Pro;ect Aréa

" Glass Sﬁb—éiéés'
I a
.
éQE_EQE%l
5 0 SN a
' ' b
T
§e?_§92§1
I11 - . oA
. .
c
Suh_teﬁél
o a
b
§9§_§9§él
) -a
. Stib:total
Uﬁkﬁbwﬂ
:,Tﬁfai

Squrce WAPDA or1g1nal data used for Atlas
o D1v1510n(1977 1970)

"-:Note:‘RQfer to Table'IIIT243

. b
i

Area.

“~{acro)

225,400

137, 100

"362 500 ..

56,500
34,400

43,900 -
134,800

11,900

" 688,000

Frequeﬁéy”of

Percent = . ~ Surface
L __Sodicity
™ o ()
32.8 o

19.9 o 0.2x+0.1y
52.7 o 0:2x+0.1y
8.2 -
5.0 -
64 o 0.3x
196 0L 0.3x
1.8 0.3x
8.2 - 0.6x
1.8 0.8x+0.1y
11.8 1.7x+0.1y
0.4 Q.ix
6.1 2.3x+0.2y
6.5 2.4x10.2y
1.7 0.8x+0.7y
Ox+1,8y
4.9 1.8x#2.5y
4.5 -
© 1000 6.4x32.9y

34P, 39D and 39H, plamning

' for surface:sodicity.
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Fig.111.2-4

mL.eg’end':._ Class and Subclass ot Soll Profile Salinity _
' 7 8 9 10 I

68° |30 E

Map Symbol Mo lo b .2 3.4 5 6
Soil  Soil Sample I ' o - m v v

1 1 o } r ¥ 1 t 1 ERii
depth MNo.: ‘a bt a b ¢ o b c a- b a b
{cm} ' : : ' ‘
0-45  1-2 [ ! ! [ 2. 2 2 3 3 3 4 4
45-90 3 1 1=2 1-2 3-4 -2 1=2 3~4 1~2 1-2 3-4 1-3 4
90-180 4 | -2 3-4 \-4 -2 3-4 1-4 1-2 3-4 1-4 1-9 1-4
Note i Qe Lack of ‘daldg '

Remarks : Salinity of the Layer - Samples is"_ev'aluo%ed with its Electrical  Conductivity
of Saturation. exiract(ECe) as follows : ' '
| — < 4 mmhos : 2 — 4-8 mmhos : 3 —— 8-~1Smmhos :
4 —— > |5 mmhos

£ Not including I-1-1 soils. '
68°|00" E

67°| 45'E

| 280 30'N

Seale  1:250,000 or | Inchto 3.946 Miles -

_Metres 5000 . .0 5000 =~ 10000 15 000 Metres

‘Miles 5 4 3.2 o . 5. . 10 Miles




 Fig.IT1.2-4 Dishribution of Solf Profile Salinity in' the Pat =
L | Feeder Canal Project Area, Based on WAPDA
ol 30" € . _ Original _DaiO. {1977 -1979) .

B 12 3-24 1-3 4
3 3.4 1~4 1-9 1-4
iitn s Electrical - Conductivity

Prmhos ++ 3 —— 8-I5mmhos

@ fusta moramma  Scale 1:250,000 or | inchto 3.946 Miles

Metres 5000 o . 5000 16000 15000 Metres

_ Miles 5 4 3 2 10 s 10 Miles . N







‘the presence of.salinityﬁ(ECe > 4 mmhos) or sodioity=(SAR > 13)
irrespective of the soil'depth vhere they appear. &s a result more
than 60 per cent - of the Canal Command has been de81gnated to the
groups of saline or sodic SOllS. So far as the crop productlon is
concerned, important is where and hoyw severely they appear in the

501] proflle in view of thelr influences to the root- growing zone.

Therefore,_the present study has ‘intended’ to- establlsh a.
comprehen81ve classification of the proflle sallnlty by 1nvest1gating
the original data of the PrOJect Survey, whlch were copled by WAPDA
Laboratory at Lahore, ~Table III.2-3 deserlbes the eriteria on flve
Classes and their SubclaSSes for the proflle sallnlty. These express
progre331vely 1ncrea81ng gradeq of the hazards, that is, the direct
influence of surface salinlty and the rlsk of: surface sallnlzatlon
due to the upward movements of sub5011 salts. Fig. III 9-4 is the
map newly drawn for ‘the area accordlng to the criteria. Extents of

thebe_Classes are presented in  Table III.2-4 ‘to show reasonable

distribution of the salinity.

8o0il sodicity is one of the limitations in' comnection with
saliﬁity. Owing to its'affection,thoﬁever; to the.soil productivity
as estlmated from ‘the calcareous property of both 5011 and 1rr1gation
water, only: the surface sod1c1ty within 18 1nﬂhes from the surface
was checked: as ‘is ehown.ln Table III.2-4, Its deplctlon was omitted
in the map because an extent is minor.and closely related to the

salinity class in the ascending order,
11i) Classification Combined with Soil Profile Salinity

 Pinally, re—claaaifieation hastbeen'attempted by involving the
profile salinity appraisal. For this purpose, four groups, A to D,

have- been set upfamongVSub-classes accordiﬁg to the estimated damage

grades of the soil salinity,
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The Land Classes have beeﬁithﬁs:néwly'decidéd:by'éomﬁiningathe
former Classes with ‘the sélinity grdﬁpsb'AUto_D. The map presented
in'Fig'III-i;S is the result: of‘thiS'COmbined'tlassification{ Table
111.2-5"gives the overall relations among Classes, Iimltatlons and-

soil - tnits found in the Progect Area.

The*proposed:léhd“éaﬁability ¢lassification method ‘is still
tentative but will more fit to the actual soil conditions of the area

concerned,

“An additional caution must’ be taken for: the presence of gypsum
in the soils omn its: effect to. céntrol- the sodlum accumulatlon.
ComparedAw1th-the profile salinity dlstrlbutlon; gypsum appears’ to be
in ﬁague correlations with the incféasing salinity. At'preSenE;.
‘gypseous  status mdy not necessarily ‘be ‘added 'to the land -

clasgification criteria with the ‘following reasons:

(1)  No quantitative data are available for evaluating the

gypsum activity for desalinization.

(2) Judging from the lower SAR'(<,10)10f the ifrigatién Qéter,-
severe alkalinization may not occur for the  time being in

this Area,
Defailed‘déta-an& 613cussioh3'in}this paragraph avre referred to-
in Land Capability Classification of Appendix I1T.2-4.
d} Problems and Reconmmendations
As méntioned already, the SOllS of the Area have more or’ less
'1nfer10r propertles for crop production. "Several problems will arise

from these circumstances and then counterme33ures for the must be

examined.
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i) Soil.Classiflcation‘

LIt ds uncertain whether Jhatpat 9011 Assoclation, fine textured
(SiC) w1th or. without weak . structure development,,is -the. most
dominant all over in its extent._ Because most. of the. extent areas.
show 1ather moderately fine texture (SlCL) together With med fum
'texture (SlL) in ‘the light™ of _WAPDA Project Survey as well Aas. of the
present survey. . Although the dlscrepancy is: not so serious further
'detalled soil survey for .this 8011 Association will produce a. good
- result not only in the more accurate genetlc elassiflcetlon but also

injthe_better land potential appraisal.
'ii)'-Soll Salinity and.Alkalinity

Around the Command. Area, flve soil gseries have been reported to
be saline but non-alkali. These are very mlnor in extent except
iRoghan Serles (24) which dlstrlbutes on the land between Jhatpat and
w'Jz'reo‘oaba_d. Accordlng to the field analysis in the. present survey,
not only.in saline 8011 Seriles but: also some proflles in non—saline
oneés showed a:strong sallnlty much hlgher than 4 mmhos whieh is

designated:as'a‘harmful limit to the crop growth.

_ It has been quite common to abandon cu]tlvatlon in the marginal
strlp lands where 1rrlgat10n or seepage water is standlng in part and

evaporates to develop salt crust.

As was often reported on the 1rr1gat10n progcts in- ths country,
soil sal1n1ty problem has become ‘of ~paramount 1mportance because'
unsatlsfactory 1rrigat10n ‘and dralnage systems . are apt to.. cause
-sallnlty ‘hazards. to the, field crops by accumulat1ng salts and
sometlmes by w1thdraw1ng them from: the saline ground water . to the

surface especially in the areas of. hot and arid climate.
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Behaviour of salts in the soil under.irrigation andfdreihege
'manageﬁent”shduld“be_Studied'in'the-concerned fieldr This will
provide useful data for leaching method, . A periodicaltmonitoring'of
soil salinity by ‘means of EC measurement with water extracts of the
'50113 must be ‘scheduled as has been carrled on -the Punjeb Doab

Regions.

Soil  alkalinity . or sodicity “is. .a . second. proBlem..,;It
incidentally ceuses.dispeISiqn of the clay particles resulting in the
collapse of ‘structures and pore system followed by ‘the deereaSe'in-
water permeability. This may raise more. dlfflcultles in the future
extedeion of mec¢hanized farming. Therefore, continuous” survey on
this item.is needed though,the.extent-is ot yet so prevalent under

existing conditions. .
ii1) Water Quality and Irrigation Method.

Quality of the Indus River water for irrigation use has no
trouble both in constituent and concentration of the dissolved salts

besides the problem of sediments contained.

_For. irrigetion'techniques;'a contineods-eere,must be taken:ﬁot
‘to cause the sirface salt accumulatlon since the downward movement of
water. is con31derably 11m1ted due ‘to the. laminated or less developed
structure of the elayey 5011 In thls regard drip or spray
'1rr1gat10n are not su1table, ‘but 1nterm1ttent rldge 1rr1gat10n or’
-b351n 1rr1gatjon are.’ recommended in v1ew of - -the technlcal eaSlnESS'.
under’ thefpresent level-of.farmlng.. Perennial 1rr1gat10n is not S0
recomﬁendedr td luostr of -tﬁe;ferop fields even“_ln; cage of rice:

cultivation. Main reasons for.this are as follows:

A1) Alternatingfwet and dry condition is necessary to develbp_the

" soil structure:
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(2)  Avoldance of the linkage between irrigéted “water and
groundwater,fthe level of which is generally deep more than 10

ft but salt concentration exceeds 3,000 ppm.

In either case, theéé éonditions for compléte drain system is

required'to.be realized at the possibiy earliest stage. The
present drain system'whidh is connected with the Khirtar Canal
by pumping should bé'thoroughly examined on its functions and

repaired, if necessary.
iv) Soil Fertility and Managements.

Acéording-to the profile oBservatidh and analytical data of Soil
Survey of Pakistan, the soils of the‘Arqa.are extremely deficient in
nitrogen due to the rapid'decomposition_of'orgahic maﬁter under the
arid climate condition. While fhey are rich in calcium and magnesium
.because of the calcareous papent'materials. Potassium may be no
Vpréblem in. the presence of easily-weathéered minerals in the-soils.
Available phosphoris, however, séems fo be deficient, too, judging

from the results of the field trials conducted in Sukkur District.

Considering extremely high pH of the calcaric soils prevailing
over the ?foject'Area, physiologically acidic feftilizers, e.g.

ammonium sulfate and- superphosphate, can be better used.

Orgénic fertilizers, which-are compost and green manures, are
highiy'récqmmended1th0ugh'dif£iCult=to be”extended.;.Deep«rooting
legume cfops or graSsés-are'quité'effective not -only in.organic
matter'sﬁﬁply put also in subgoil improvement especially of its.
phjsical condition. Active'manganeSE'doeé_not'ééemé déficient in the
soils. A systematic study on the minor elements need to be performed

in-the near future, -
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In view of the clayey soil properties, the following soil

managements will be'desired:
(1) - Ploughing the soils at an optimum moisture
(2) Avoidance of frequent ploughing and excessive irfigation

(3) Deep ﬁloughing'and adequate leaching management at least- once

several years,
v) Land Capability Classification

:In land. capability evaluation, Class and Subclass were decidéd.
for irrigated.-agriculture because it has been the most popular
culture method here. The Subclass Ils with some inherent hazards
such as fine texture covered almost 90 per cent of the whole Area,
the other units being minor in extent according to the Land Class Map

‘méde by Soil Survey of Pakistan, This Subcléss IIs consists of
Jhatpat, Katcher and Kundi Soil Assoc1at10ns, in most of which the

soils are clayey and sllghtly permeable

Due to the.same‘reasbn as the soil_classification, the soils of
these clayey Soil Associations should be re-surveyed in detail with a
view to get more accurdte presence of soil hazards in this-Area. An
attempt was made in this report to classify the lands. further with
proflle sallnlty distribution which was drawn from WAPDA original

-survey data. The results weré already dlscussed and -arranged, thus
enabling "to produce .a revised Land Class Map. The furthex
investigatidn should be made for rectify this map through detailed

soil survey for the Area.
For such intensive processing of the survey data, an electronic

computer wiil preferably be introduced by coding soil profile

characteristics, analytical results and their monitored data. .
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1IT.3. -Present Agriculture
III.3.1. Present Land Use

~ There are mo detailed data avallable on the present land use ‘of
_the Progect Area” except the "Present Land Use Map" prepared by WADDA
(Sge.Appenﬁ1x_III.3 1, Fig: III.B l)-and=Lhenland use statistics of
each'village providéd-by”LandtRevénug=0£fices'(see Appendix 1111341,'
Table 111.3;1); An.atteﬁpt to use the lands at safellite imégéry nap
Qas also constrained to the'resfricte& use due to définitely'shért

pericd of study.

'::Based'on'ﬁhé planiméte? measufémeﬁts*andrthe-said-léndﬂﬁsé -
étatiétics (1979/80); the?totql:area.of'thé Projétt-is estimatéd'at
688,000 acres (278,000 ha).. Out of this about 612,000 acres (248, 000
.ha) are- commanded- by the Pat Feeder Canal- (Appendlx Table TIT.3~3).

Fﬁrthermore*toﬁél culfiﬁated=area'available-at présent is about
509?700-acrés comprisiﬁg'1925700 aéres as the.net‘:sbwn area -and
317'000'acres'feﬁainiﬁg as fallows. - The total of the net soﬁn area
includes only 6.7 per cent of the area ‘sown more than twice (about

13,000 acres) (Appendlx T1F.3=3})..

The'tbtalfuncﬁitivatéd'éféé is'ébéﬁt:124;800'acres;of whicﬁ-'
19;200 aérés:are-noﬁ available fér cdltivétion”and 105 600 acrés are
'the cﬁltivabie waste. -The total annual- cropped area conmuted on “the
basis of: average from - 1978/79 ‘to 1980 81 cover about: 239, 600 acres or
47 per_cent_of theipresently.cultlvated_area (Appendix III.373).

Excludlng the very small area’ of the reforestated lands" whlch
are located befween the national: hlghway and the rallway, there is no
land under forest or: lands in any other category -in the PIOJeCt Area
but.- the difference between the- total Progect Area and - the ‘total”

recorded area might correspond to the: area under. barren lands ‘which
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are mainly located upstream along the Pat Feeder Cana] and also 1n

the" southern part of Jhatpat.

‘According'ththe:aforEsaid ﬁPresent Laod Use Map" and the
infofmatioﬁ.provided'by Agriculture_nepartmeht 0ffice on the preseint
1aﬁd'ﬂse, onayaiiability ofhirrigation'watef is.the major reason why
only 47[per-cent'of.the_total:cultivated-area (239,600.acres)'are_
unﬂe; cultivation'and'ahoﬁt 17 per cent,“or_ibS,éOO dcres of the
total project. ares is cévefe@.by the_colturable-ﬁaste lands (Appendix

Tables 1I1.3-3 and III.3-4).

It'is said in the'Reconnaissance-Soil'Sofsey of Jacobabad- Usta
Mohammad that the Pat Feeder commandlng area has been des1gned [or
dry Kharlf rrops malnly sorghum. Therefore, the crop choice is
restrlcted although the soils permit a wider range of crops, and the
winter: c1ops, malnly con31st1ng of wheat and ollseeds, are almost
Bosi, which means the winter crops in the summer fallow lands with a
s1ngle—large ;rrlgatlon at the time of_sowing,_espec1ally until

1978/79 when the Tarbera Dam started to supply water.,

The Progect Area 1ncludes some problematlc ‘areas of "Water
1ogg1ng and sallnlty in and around the barren area and’ 1ll—dra1nage
area of down—stream of the Pat Feeder Canal (after RD558) flooded

several tlmes durlng the past ten years. “The floods have damaged

not only Kharlf crops but also dally life.
11153.2.- Farm Household and Land Tenure -
1) ' Farm Household arnd Farm Labour -

- The: Projoct Area extends .over. flve 1eh51ls coverlng a5 a part of
the Wnole area of Nasirabad : The total" number of persons. and’
households in the’ Progect Area were. estlmated at. 244, ,000 and. 37,000,
respectlvely, whlch are: equivalent to 62 and 65  per cent,
'respective1y3 -of the total of each item of Na51rabed Distriect -

'(Appendlx Table I11.3- 5)
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[Theffarm-househulds.in-the Projéct Aréa-ié 28,000;'occupying
about 76 per cent_of'tﬁertbtal. The total population of the féim_
hopséﬁolds was estimatéd at 184,800, éﬁd the averége-populatibn'per
farm-household is_6;6-whilé}thé WOrking population for farming is

" less than 3.4 per farm'household-(AppendiX'Table III\SES);._

2) Fﬁrm Size' and Land Temure
The followings are the SuRmMAary of31aﬁd tenure ahdﬁfarm size_

based on the data of Nasirabad District published in the Agricﬁlture
Cénsus 1972,

‘Table I11.3-l. Land Tenure in Nasirabad

(Unit: Househoids,:acres, %)

- Owner

Item ' - . - Owner cum. tenant Tenant  Total

‘1. No. of Farm Household (15.4%) ( 6.4%) (78:22). " (100%)
' 3,390 1,393 17,188 21,971

2. TFarm Area (23,77 (16.0%) | (60.3%)  (100%)
138,941 93,511 352,623 585,075

3. Farm Avea per a Farm = 40.1 67.1 20,5 26.6
Spurcé: '"?ékistﬁn.CEnst of Agriculture, 1972", Agficulturaerensus

Organization

In-thé Gencus, the data on.laﬁd-feﬁuré in-19f2 were claééified
by thpee__principal, categofiésj"tﬁe- owner CUltiVated, .the.
' bwﬂerwqum%tenant cultiﬁated-aﬁd-the ténant cﬁltiﬁated; The.ﬁumber.of
'farmé 'Under'.thgse- cétegorieS' aré -3;390,",1,395 Héﬁd"17;183,
Lfeépéétivély, and - the totél-férm households 21;971 invthe;area‘where
Cofféépbnds to—the.préseﬁt'area of-Nasirabadeiétﬁict'(AppéndiX:Tablé
“IIIf3;8).;'The‘aVerégeisize of .the iarm‘éorrespondihg to reach
category ‘is 41.0,°67.1 and 20:5 aéres, respectiVely,_whereas_thé.

-average size of all categories is reported by 26.6 acres against 13.0
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acfec of the dverage-in entite countfy. This indicateé?that aﬁerage
siée'offthEJfarms:in-thé Project Area is more than twice of “the’

country's average,

in MOSL cases cof land tenancy in “ the’ ‘Project - Area,-thef'-
‘ share-cropping system:on’the ‘half- share basis is’ domlnant in  payment-

on ‘the rent,

Table I11.3-2. Number of Farm Households

by Size of Holding-in'Nasirabad

517e of o L Number of

' Holdlng (acle) ' Farm Households
L Total - S ) 21,971 (100%)
under 1,0 : = =)
1.0 = 2.5 S 212 ( 1.0)
2.5 =-. 5.0~ : © 05110 2.3)
5.0 -~ '7;5 ' 786 ( 3.6)
7.5 - 12.5 4,689 (21.3) -
12.5.- 25,0 9,493 (43.2)
25.0 = 50.00 4,553 (20.7)
50.0 - 150.0 = 1,490 ( 6.8)
150.0

and over - S . - 237 ( 1.1)

© Source: "Pakistan’Censos'of AgfiCultute
7 B | See Appendlx Table I1T1.3-8. o
' The farm size of almost all farm households 1anges from 7.5 to
50 acres occupylng 85 per .cent,. out of which those with a farm size
of_1215 t625.0 acres predomlnate in numbers, accounting 43 per cent
of the total. This: tendency is considered to be the same as ‘that in

the PrOJecL Area.
I1I.3.3." Crooping'Pattern'and;Production

:Agriculturally, Project_Area is;oné'of‘the mOStlproouctive area
in. the'Baluchistan Province. Inspite of this; 69 per cent of the

total command area is left as fallow 1ands or cultivable, .waste" lands,

'and single cropplng pattern is practlced exclusively.
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l The cropping intensity in terms of the pereentage of - the annual

_cropped area to the total command a1ea of the Project 1s.as low as 39

?per cent. . The summer or Kharif cropplng starts in May to June after
shutdown” period of canals and ends in September to October. - During
this period, rice, . sorghum, sesamum and sugarcane are planLed The
w1nter or Rabl cropping starts in October to ‘November with planting

‘of wheat, rapes and mustard, gram and berseem, mainly. Summer crops
cover about 40 percent of the total annual cropped area and winter
crops cover the remsiniﬁg 60 per cent (Appendix Table-lll.3—4).. The
area soﬁn more than twice. a :year covers only few per cent of the

' total net sown area, as mentioned above., The major cropping ﬁattern

followed are as illustrated belew;

Present Cropping Patterm

CKharif , - Rabi
_{a) ﬁaddy o + Pulses (grdm;.ete;)
(b) Paddy e +  Fallows
“(c) - Upland crops + Upland Crops
(Sorghum, sesamum, etc.) - {Wheat, rapes & mustard, ete.)
(d) Upland crops = e Fallow'-”
(Sorghum, sesamum,. ete,)
(e) TFallow =~ S + -'Upland cYops - :
' : : : ‘(Wheat, rapes & mustard, berseem,
etc )

“The crdpping caleﬁdar of each pattern with the estlmated area
coverage -is shown in Flg llI.S 1. The pulses followed by rice are
-eommonly prsct1ced? which s so=- called Dubarl Crops that means
wiﬁter cropsxhy”utilizing the're51dual 5011 m01sture of the prev1ous

cropp1ng w1thout any 1rr1gat10n.

As seen, in Appendlx III 3 l Table III .3~ 4 c0n31derably large
' amount of area decrease is seen for the area under sorghum.for these

last ten years, whereas rice, wheat and sugarcane have 1ncreased
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rapidly in their cropped acreage, especially since 1978~ 79 . Ohher
Crops like sesamum, Rabl oilseeds - and Rab1 pulses have maintalned
their level of cropped area or slightly decreased Thls change in’
cropping pattern would denote farmers 1ntentlon to grow more
'benef1c1al crops like rlce, sugarcane and wheatr Vegetables and
f1u1ts ‘are grown on. a fractlonal area being non- reslstant to drought
CDHd}FlOHo resultlng fronl the canal closure fronl mld—March to
mid—May, The data -and duratlon of the canal closure also make 1t
difficult to grow the crops llke cotton and sugarcane-on schedule to
get ootinum yield. and also make farm animals depriVed of green
fodders contlnuously for six months from Aprll to September as
described below. The unit yleld ‘and productlon of the magor crops

are estimated in the Table III.3-3,

- The average yield per acre.for Sorghum,;r1ce, sesamum'and'
sugarcane is 7.1 maynds (0. 66 ton/ha) 15.9 maunds (1 47 ton/ha), 5. &
maunds (0.50 ton/ha), 318 maunds (29:50 ton/ha), respectlvely. The

.yleld of ‘wheat, pulses (gram), rape seeds and’ mustard and. berseen are
21,2 maunds {1.96 ton/ha) 78 maunds {0.72 ton/ha), 3. 8 menncs {(0.35
.ton/ha) and 227 maunds (20 96 tons/ha), respectlvely. These. ylelds
are ‘low as compared with the average yields of respectlve crops in
the 1rrlgated areas of the nelghbourlng prov1nces. The reason for
low yleld is not only shortag in 1rr1gat10n water but also several

other factors identified during fleld survey as follows,
(i) Poor water management practices due fosthe very - limited
-onéfarm-faeilities'and_lack of on-farm water management
organization.
(ii) 1nadequate_extension services with limited number of staff
and lack;of facilities for transportaeion and on the job

training,’ etc.

.(iii) Inadequate supply of farm input materials and farm credits,
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E.Table 111.373}-.Present Cxqp'Yield.and”PrbductiQn o

Lt B L B e

‘Harvested Area 1/ - Unit- Yiéld 2/ Production
Crops _(dcre,  ha) - (Mds/acre, ton/ha) - (ton)
. Sorghum " 33,0007 (13;400) 7.1 0 0.66) 8,844
. Rice .. © 43,500 (17,600) . . 15.9  ( 1.47). 25,872
. Sesamum 13,200_( 5,300y - 5.4 (_O,ﬁﬂ)' 2,650
. Sugadrcane ©5,000:(C 25000) ¢ T318.1 (29;@0)‘ 58,800
.. Wheat . - 80,000 (32,400)  21.1. (1.96) . . 63.504
. Pulses 4,000 ( 1,600). 7.8 ( 0.72) . 5,600
(gram) ST AT Lo e
7. Rape Seeds. 33,500 (13,600) . 3.8 (. 0.35) . 9,792
& Mustard Sl e g
8. Berseem, etc. 27,400 (11,100) 226.8 (20.96) . 232,656
Total - 239,600 (97,000)

‘Source: 1/ See Appendix 111.351;fTab1e T1I.3-4 (Figutes are -
o ) "rbundéd). - . _“ o . L
2/ AgriCu1ﬁufe’stéfisticé,'Agricultﬁré'Depﬁ}‘of
' 'Béluéhistan'for-thé Nasirabad District (1975/76
1979/80) excluding' E ' )

Note:  The estimated amount of diy straw for sorghum,

wheat and rice are as follows:

Sorghum: 40 maund/aére'(3.7.tbn/ha)
‘Wheat : 20 maund/acre (1.8 tpﬁ/ﬁa)
Rice - : 30 maund/acre (2.8 ton/ha)
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(iv) fLatk'of'properﬁintetest on “adéquate mahagement'hy'tenants

" who'cultivate about 70 per, cent drea in the Project, -

The'traditional ﬁethods Of.crOp management pteVail in the -
Progect Area except ior the very 1imited area of 1nten51ve
‘Cultlvatlon Most of the crops inclusive of wheat ds broadcasted in
inadequately prepared 1ands w1th 1ow quallty seeds._ Irrlgation
practlces are poor and involve. blg loss of Water which ofter causes

crop_damage_1n_assoctating with the laok ofrdralnage-facillties.

It is- dlfflcult to supply 1rrigatlon water tlmely under the
_conditions that there is no systematic fac111t1es ‘and’ organlzatlon at
on-farm’ 1evel and ‘the’ 1ands are often not adequately 1eveled _ _There
 _1$_n0 large~scale fertlllaer use, weedlng and_pest eontrol, Also,
mthete is.no proper .soil management like_addingnorgahicimatters to

fields_despite_moSt_of the-soilsiare elayey_andhstrectureless. The
-a;éa onder improved”#arieties covers more than 90 per. cent in ease of
‘wheat and more than 80 per cent of ricel are under IRRI—ﬁ
(IR6—156¥241);,accqroing to the infotﬁation of Agrieultore Department

Office (See Appendix III.3-3, Table ITI.3-17 to I11.3-18).

The wheat y:eld in the demonstratlon plot whlch is superv1sed by
. Agrlculture Department Offlce is as much .as about 48 maunds (& 4
hton/ha) (see Appendlx I11.3~ 3, Table IIT. 3— 19) : The demonstration
.plot y1e1d of sesamum ‘and rapes is also 1.6 tlmes and 2.6 times
hlgher than the present yield in the Progect Area. As for rlce'
yield, the result of trial in Sukkur gave high yleld as much as 8.8
ton/ha in ‘the Soil Fertlllty Survey These yield data indicate that

the PrOJect Area has large p0581b111ty‘ to attain high crop

productlon.
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11T.3.4. 'Agricultural_Credit

The major sourCe'of institutional. credit in the. Ptoject Area is
ADBP (Agricultural Development Bank of Pakistan) which. advances. all
types of loans for the development of. agriculture through its: three L
'branches of Dera Murad_Jamall, Jhatpat and Usta. Muhammad Khan,
Admiuistratively this area falls under the.jurisdictiongoeregional
0ffices Quetta, ) o -

The Bank, 'estainshed;in.196i eduences loans for the eurPOSes.of
developing agrlculture,'including crop fsisiog;'orehard livestock,

dairy farmlng, bee keeplng, serlculture ‘and flsherles, etc.

The Bank has three kinds of loan systems for the farmers e
class1f1ed by repayment terms of elght,.rfive and one year,
respectlvely. In the Project Area, 4,670 farmers have borrowed a sum
of Rs.41.5 million from -the Bank since the establishment of thlS
-otganlzathn. The loaning status-of agriculture 1s shown in the

following table,
Table III.3~4.  Loaning Status of ‘Agriculture in Nasinabad

Long . . = Medium. Short:

EEEEEH - Term Loan ~ Term Loan - Term Loan Total
@y - @ L (/) . (é)

I. Number of Loanees 265 ( 5.7) Y05 (4 4) 4,200 (89 9Y 4,670 (100)
2. Amount of . Advanced 22,0( 53 0) 3. 5 (8.5) 16 0 (38.5) 41,5 (100)
(Million .Rs.). . ' o .
3. Amount per a Case _ 83 100 17'200 .3, 800 : 8,900
Source: N351rabad Dlstrlct Offlce of ADEP

See- Appendlx Table III 3- 20

The . outposes'of these. loans areLthe loﬂg.term loan=fot fixed
capital ‘like tractors, etc.,.the medlum—term loan for: fixed capltal :
llke relatlvely “small anlmals ‘and carts, and, the short term Ioan for
tloatlng capltal of seeds, fertlllzers, pestlc;des_and so-on,

Interests of these loans are the same at eleven percent per annum,
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IIi.S.S. Livestock Farming

The.estimafed'popﬁlation of domestic’animals and poultry:in the
Project Avea and the ratic of the respective iumber of animals and

_ fowls pef'fatm household are shoen as follows:

Estimated Heads of Livestock 'in the Project Area -
(1980, All Ages)

Ratio to Total Farm

Domestic Animals Nos. of Head Household }/
CGattle . 0 T 120,366 4.3
‘Buffalos : 12,301 0.4

Sheep | 132,603 4.7
Goat's - S 145,017 5.2
Horses .~ .. 4,612 0.2
Donkeies - 40,697 1.5
Camels : 15,038 0.5
Chicken L 118,262 4.2,

Source: levestock Department ~Dara Murad Jama11 (See Appendlx
I1I.3-5, Table I11.3- -22)

Note: -1/ Divided by 280,000 of tho estimated total farm household
Based on the above ‘data and the c13551f1ed number of cattles and

buffalo- by sex. and age in Nasirabad District in 1980 (see Appendlx

-III 3=5, Table TII.3- 21), the average heads of cattle and buffalo by

sex and age per farm household are eetlmated as follows,

Estlmated Heads of Cattle and Buffalos

by Sex and’ Age per Farm Houqehold

"3 Years and Above Below 3 Years

Kind . . Total _ 7Total; Male . Female - (Both Sex) .
Cattle ‘4.3 ~v3.3 1.8’ 1.5 1.0
Buffalo . 0.4 0.2 0.1 0.1 0.2
‘Total 4.7 3.5 1.9 1.6 1.2

il
|
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. -The UNICEF survéy in 1980 reveales théﬁ 93 per-.cent of the - o
sample households in the Nasirabad district rear animals and fowls
for draft use and diet and about 70 per cent of ‘the sample households
ralse draft use animals, and that_animals for_miLk and_meat are

raised.by'QO per cent of the sample‘houéeholds.'

Based. on the above-listed ratio--and the UNICEF.survéy,-the
livestock ownership by kind of animals and fowls are summalized as

follows;

(i) 2 8 hééd.of animals for draftouoe per household are
ralsed by 70 per cent of farm’ households (out of 2.8 heads,.
2.6 head are covered by bullock ‘and - 0 2 head by buffalo)

(ii) 1he raisers of cows and buffaloes for mllk amgunt to about
_90 per cent of the total farm household They rear on-an
_average 0.8. head of wmilk cows and 0 1 head of milk

buffaloes, respectlvely.

(iii) The raiser of sheep/goats cover about 50 per cent of farm
houSeﬁoldsﬁ They keep about 20 head of sheep and goats on
an average. '

. The maln source of feed for these animals and fowls are farm '
forage, wheat and paddy straws, various crop reqldues and other kinds.
of farming by—products. One of ;he major problems in the Project is
lack of gtéen fodder for animals due to closure of Pat Feeder'Canal.
111.3.6. Inputs Supply and Farm mechanization

i) Seeds

Agricoiture EXtEnSion Office is responsible for diétribution of

quality seeds, But the diStributiOn of Eeeﬁs-is limited to wheat.
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seeds’ of improved vafiety. The respective amounts of  improved seeds
used in the Project Area were estimated as follows: .

:T"'

: Estimated Requirement of Seeds (Improved Varietles Only)

(1980/81)
.Total of - ._ ' Improved-Verieties ,Seed“ o
Crop Harvested Area Per Cent. ~Area  Rate = Requirement
(acre) SR (aére) (kg/dcre) {ton)’
Wheat 90,000 80 72,000 37.2 3,678
‘Paddy 70,000 80 - 56,000 25,0 1,400
“Sorghum - 37,244 . 0 00 - =

Source: Agrlcultu1e Dept. Extentlon Offlce, Dera Murad Jamall

(See Appendlx IT1.3~ 17 Table III 3-17, 18)

But the distrlbuted amount of wheat seeds 1n the entlre prov1nce
wag totaled only to 1,060 tons in 1978-79. Under such c1rcumstances,
.almost all farmers commonly use thelr own reserved seede even in case
of wheat and paddy.  The mixture of other varieties are prevalllng in

the Progect Area.
2) Fertilizer.and'Pest{eides

Fertlllzers and peet1c1des “are supplled by the Agrlculture
Department. The follbWing table shows the distributed amount of
'fertllizers in the Nasirabad district exc1u91ve of Teh311 Usta-

Muhammad

: DiQtributed Fertilizers by Agrlculture Department
(Nutrient Amount Base)

rd
o
W

Year ... N

1978/79 * 1,553 . . 650 . .=
1979/80 2,218 . 1,236 - -
1980/81 4,079 1,800 -
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Source! 5Agricu]ture Department, Extension -0ffice, Dera Murad Jamald
'p(See APPEHdIX 111436, ‘Table III 3-23)
Note:  These. amounts were distributed to the extire Nasirabad

District.except for Tehsil Usta Muhammad..

: _Based'on_the_dietribﬁted_eﬁognt Qf_fertiliZere and the farm .
manégement_survey for,fhe'Sample;ﬁarmers_in this study,:tﬁe,average_
rate of:fertilizers.per'6ne_acre oi_the_croﬁped_area was estimeted‘at
11 kg of Nitrogen (27 -kg/ha) and 5 kg_cf phosphaﬁe.(lZZkg/ha),
resﬁectively,—and the rate by crop. was estimated . to show in the

Appendix IIL.3-6.

R ”Thé .supply 'cf -pesticides -is.'alSD limited. - Only the
Gpprox1mate percentage for the total cropped area 1is covered. by the
1mp1ementat10n of 1nsect control by Agrlculture Departuent (See
.Appendlx 111.3-6, Table III.3~25). In_case of pest control rendered
by the Agriculture_Depaftmeﬁt; the farﬁers bear only the cost of
pesticiées, which is_paftly:subsidied. The costs of labour and

equipment are borne by the Department.
3) Farm Mechanization

The " present farm labour balance was estimated to. show in
-AppendikfIII.3—6, Fig, II113-2, which 1mp11es that there is ‘much

‘excess labour in:the Project-Area except the peak of the demand.

'inﬁcﬁe &asifeﬁad districégexclUSive;of-Teheii Usta'Muhammad;'ZAG
fourHWheel cractots'(mostly 50 to 70 HP) are used (See Apﬁeccix
III 3 6, Table.III‘3 26), Power tlllers, threshlng machines and any
_other klnds of farm machlnes have not been 1ntr0duced yet except 246
unlts of the said tractors, 70 units of water pumps, 100 unlts of
hand eprayers, 12 units of power sprayers and 20 unlts of hand
.dusters; On the assumpt1on that the 246 tractors are worked for land

preparation at the area coverage of 200 acres per unit per annum, and
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: the’land’hfeﬁaration by tractors covers about: 20 perfeeﬁt:ef’the'
total e10pped ‘avea. Accordingly, the animal power prevails in the
.PIOJECt Area for the works of land preparation, threshing and

transportation,__

The Department “of Agrleulture Engineering ‘has posted one offlce
at Dera Murad Jamall.- But ‘the department renders. no services on
'agrieulture mechanlzation although 1t has jmplemented the land
leveling worke on_the-cont:act bage w1th subeidlzatlon of the
maehines'cbet;r(Rs:lOO;per hour)'threugh;keepiﬁgﬁseven'hnitefef
_oﬂeeload bulldozers out of 13 units of ballddzefs (SOEtollﬂOFHP)}a On
the assumptioh -that one bulldezer ean cover the leveling'work of 250
acres per year, the 1and 1eve11ng serv1ces by the " Department would

'cover only 0.3 per cent of the total cultivated area.
" IIL.3.7. Agro-Industry
Agro«based 1ndustr1es in- the N351rabad dlstrlct have been
installed on a yery llmlted_scale. 0n1y a“few unlts of rice mllls,
small-scaled flour mills and rice-cum-flour mills are worklng at

present as shown in Table. .

" Numbers of Tndustiial Units iu:Naeirabad District

-Riee ) Flodr .tRice}Cum 01l .. Saw

Tehsil " Mills . Mills Flour Mills Expeller Machine
'Jhatpat L 1 -5 4 ST -
Usta Muhammad 8 5. 4 = -
‘Dera Murad JamaliVE - R T g | 1
9 11 10 2 L

.. Total

Seurce:l UNiCEF.Susej 1980
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The existing rice mllls, although small in capacity, are working
at their full capacity. . The - estlmated total output of theee mllling
facillties 15 90 tons of rice .;per day or 10,800 tons per- yeal. In
assumlng that. the baddy yield: per acre is 0.6 tons (l 5 ton/ha) and a
plant recovery ‘rate is 66 per cent the area covered would be only
about - 27 000 acres out of aboat 198, 000 acres being cropped under
.paddy at present in: the District. Eventually the: rice growers in the
PIOJeCt Area have to transport ‘their produce: elther to the rlce mlllS
'located in Jacobabad or to eeil £o mlddle men at . low prlce.- Under

the elrcumstances, the fqllowing'countermeasures_are required;’

(i)‘.to_iﬂstall more rice mills et.DeralMu?ad.Jamali or Jhat Pat

5;accordiﬁg to -the existing,network:of yatds,_

(ii);rfor-theIGovernmentito fix the bottomsprices_of rice to be
_purchased.Ey_rice millers and'middle men like wheat, cotton and

sugarcane, and .

(iii) -foiﬂPakistaﬁ_Agficultural Storage'eﬁd Services quporation
' (PASCO) to establish purchasing centers or to install vice
-rﬁills.(The‘related,plan is" now under comsideration. the

”Project Area).

There 1s no sugar mills w1th1n 100 mile radius in the periphery
of the Project Area, and: consequently the farmers have. been deprived'
of-good return..TThe;farmers of the ProJecc'Area and_Usta Mqhammad
throughitheir:lOCal{representatives-have reQuested.to”Governbr to
install one - sugar mill,

111;3.8. Extension and Research::

_l) Extensione'

_ The;egrieultu;e extensiqn_erganiZationwof.the;Province-is headed

-byra,director;whe makeg reports to the provincial secretary of .
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' Agrieuiturert There:areﬁqne_deputyldirecter:ﬁesteduinueach-dirision
. and_two-eﬁtra assistaat directors in;the;Nasirabad'Distriet;_aad'in
_ Déra*Murad‘Jamaii and Usta Muhammad'(See’Appendrx'III 3~?”Fjg' |
lII 3 3), .agricultural offlcers. and field~ assistants are’ working at
="Iehsil level and the Union ,Council level: (unit of local

adminlstration comprlslng abouL fiver Villages), respectlvely :The_

Dera Murad Jama11 Officeis responsible for, agrlcultural extensgion

- service to -cover almost -of the ~whole Project Arearunder the .

'supervrsion of the extra asslstant director who is: ass1sted ‘by. one
'3551stant-plautrprotectlon_offieer.' At présent only oné agrlcultural'
sffieer,is'Working'in.the'district, while two posts-of.agrlcultural
offieeru are’ "vacant. About: 23 fleld 3531sLants ‘(Basic’ unit of
'extension serv1ce) cover: the 380 Lhousand acres (about 193, 000 acres
of - the. Pat Feeder Canal 1rr1gat10n area and athe__remalnlng
-nonsirrigated areasof the office,. giving one field?assistant-to’Serve
for the exten81ve area-of 16,000 acres, approxlmately equ1valent to
the area of oné Union Council. This 1nd1cates that the existing
‘power of extensiea staff is far below the requirements for proper

coverage,

One;vehicle ofﬁthe.two-and Eight motbrcycles are-operative.in
the Dera Mﬁrad Jamali-Offiee.' Nonme of the:field assistant has an
'offrce or offlcial eecomodatlon where farmers may gather together and
exchange oplnlons with” hlm. The tralnlng 80 far given has not met the
tfarmers requ1rements in every.. resPect and the ‘present: level of
know]edge that ‘the" field a951stant otflcer ‘seemns to be below the
advanced ‘farming technlques ‘and 1nadequate to teach the farmers.
Moreover, the exten510n offlcer procures and dlstrlbutes fertlllzers
and . seeds, being respons1ble for exercrslng plant protectlon and
collectlng agrlcultural data and statistics. = On- farm, water
mapagemunt is also under the responsibility of-the_exten51on staff.
.Astthe_resultS“of the farmerS'-intention survéy,-discuSsion.ﬁith
extensidn; officers and. contact with. the relevant -researeh _
V_brganizations, it was reveaied“that there is nb=close,relationship

established among these three parties:{farmers, extension: officers
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~and: research organizations) ‘nor: positive cooperation with one another

to solvr the day to~day’ problems on farming.
23 Reseereh :

Agricdltﬁfel'RESearch conducted in. theqprovince is weak in‘its
activity ‘and, ‘¢onducts. few. testings of - appropriate technology for the
irrlgated agrlculture dn: the Kachhi Plain Area. . The Agricultural
Research Institute- at Sariab near Quetta is only the agricultural
research, center available -in the Province. : Recently, Pakistan
Agricultural Research Counc11 has established -an-arid zone research
center to develop trickle 1rrigat10n for horticultural crops and to
- pursue solutions . for problems-of'aridfiene;agriCulﬁure;,fThie
.research"Centerjhas also been based ip-Quette.with differeht phjeical
environments from these of the Project Area. 'Therefore; 'the..
‘recommendations by these 1nst1tutions are neither appliceble to
practical use nor: contribute to the’ 1mprovement of the agriculture in

the Project Area.

Under such conditlons, the one  of the major llmitation ‘to-
agrlculture in the Pro;ect Area is scarcity in experlmental results
avallable-on-the.suited modern: agriculture technologies to the

.Project,
III;3f9;_ Fermers1 Organization

Under the'eitﬁation:that the treditional land'tenure and farm
nmnagement systems are’ prevailing,-there-is'elmoet no-epecific
farmers organlzatlonsﬁ except for the ;"Tractor Trolly Scheme
SOCletles . which. is newly. establlshed 1n three nielages. for

transportation (See Appendix III 3 8, Table IIT.3- 27)

. The irrigation water distribution at on~farm is one’ of the major

cpnstraints'to the-agricﬁlture.developmeht'in the Project;Area=
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beoause the farmers take irrigation water directly from the

3distribution canal 1ndividually.-

Naturaily;.there-is no neither organiZation nor:regulations
.among farmers'for a'systemétic-water management"at1oﬁ?farm 1e§e1;
'-shieh result in:low'crOpﬁproduction-dUe tothe difficulty to have
timely-suooiy-of enough:irrigation“water-aﬁd'tb'suffer.from“in‘
{11-drainage induced by the_eohsiderably'large'amount of water

. losgses. .

.iilra. Irriéetaonr.ﬁrainage and Onefarm bonditions
TIL.4.1, Irrigatlon Condrtlons

a) Present*Irrigated Area

The present 1rr1gated ‘area under the Progect 1s about 200,000
acres, in which the present cropplng area is 95,000 acres (38 400
'ha) of the total eultlvable commanded area (CCA) Some of the
_presentyulrrlgated areas in Usta Mohammad Tehsil are temporarlly
1rr1gated by the: Khlrthar Canal, because these lands extend in’ the
- down~stream of Umurani and Rupa’ Dlstrlbutarles and the Pat Feedex

Canal has not’ enough eapac1ty (dlscharge) to supply 1rrlgatlon water
fto them.

b) Existing Irrigation Facilities

s The ex1sting 1rr1gat10n fac111t1es for the connanded - area of the
,fPat ‘Feeder Canal consist of ‘the’ Guddu - Barrage Head Regulator, ‘the

'Desert"Pat Feeder Canal, the Pat Feeder: Canal ‘and 13 D1stributar1es.

The Guddu Barrage Head Regulator 1s one ‘of the structures
“composing” the: Guddu Barrage, which®was constructed in: 1963,'and this
head” regulator takes the water: from the ‘Indus River to the Desert-Pat

Feedetr Canal. The water intake oeriod at the Gaddu Barrage was about
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six months -la;_.yéa'r.'be'fo'x'.fe_:,_(':ompletioh..of ‘the Tarbela Dam; however,
sincé'completion of TafﬁeladDam tﬁe'ﬁatér infakthas beén mdde~
throughout the- year except for about' two months. from March 15th The
head regulator has been. designed at . the - capacity of 13 275 :cusec

- (375.7 cu. m/sec) and  maximum recorded intake volume was 12, 818. cusec
(362.7 cu. n/sec)

Accoidihg to‘thejhydraulic.calculatidn; possible ihtake volume

is about 16,800 cusec.

Desert-Pat Feéder and Pat Feeder Canal . .

The Desert—Pat Feeder Canal, '37,000- feet long (ll 278 ‘m) unllned
earth canal, 113 the: feeder canal to both the Pat Feeder Canal and
the Desert Canal. The Pat Feeder Canal is_an unlined ‘earth canal
from the head fegulator at R.D 0.0 to the end at R.D 624.. The total

length is 118.2 ﬁiléé:(190;2 km) .

The ‘designed capacity of the: ex1st1ng Pat Feeder Canal is shown

:in the table below‘

Designed Capacity of'the Existiﬁg-Pat:Féeder'Canal

De51gn Capa31ty

“Reach (R.D) Cusec © cu, m/sec
0~ 104 . 4,000 3.2+
106 109 6,700 0 o 1896
109 <116 . 5,680 - 160.7.
116 - 190 . 13,700 104.7
190°- 238 95,680 1 - 160.7
238 ~ 342 5,126 ‘145,11
342 - 418 - - 4,546 128.7
418 - 505 2,801 ©79.3

505 -558 - . . 1,929 54,6
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7 The maximum' discharge at the head of the Pat Feeder Canal was
recorded at 3 135 cuséc (88, 7 cu.m/sec) in August, 1979. ‘The reasons
why the recorded maximum discharge is ‘smaller than ‘the designed

caﬁacity are.lack 6f the canaiidapacity.partially and Waﬁer-right-to

the.PatlFeeder'Caﬁal”given by the Indus River Committee, '

~The Pat Feeder:Cana1_cuts its fidﬁ'fbr.abqut two months . from’
'Mafch.lSZ"'The'Desert Pat Feeder Canal aﬁd“theLPat'Feédcf Ganal from
R.D 0. 0 ‘to R. D 140 and R.D 428 to. R.D 624 are located in the - 511ty
loam or 911ty clayey 1oam zone. The sedlment transported from the
Indus has adhiered to- the side slope of the: canal and the cross
~section of the canal has been kept at good conditions. The :Pat
.; Fgedér'caﬁal,'runniﬁg ‘through.-‘the sand zone in its course’ from
R.D-140to R.D-428, hasrthe'sand sediments threé to four feet high on
the bottom due to erosion by rain and has beén impeded ‘in the smooth
flow. -

_ Although three plantatlons have been accelerated for the bank
protectlon from er051on,_a successful plantatlon ‘will be a. llttle

difficilt to be reallzed for sand zone.

The left bAnk of'the_Pét‘Feedér:Canél_is—usedﬂas'the.operation
and maintenance: road -cum traffic_road.~_NoigraVelfpaving has beén
made on this left bank, so that vehiéle traffic is very hard for two

a few days right after raining because the road surface becomes mud.

_ The Desert~PaL Feeder Canal and the Pat Feeder Canal from R D
0.0 to R.D- 125 run through Sind Province, and the most _part of the
Pat Feeder Canal belongs to Baluchlstan Province ‘and is operated and

malntalned_by the Bluchistan Government,
Distributary

- There are 13 dlstrlbutarles in the Pro;ect Area as tabulated

below and their total length 1s 217 07 miles (349.3 km).
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““Distributaries in the Project Area

“R.D. of Pat Feeder Canal - Distrlbutary
RD 238 Bited Distributary
R.D 342.5 = .. Khalan;Dlstrlbutary

Lower Uch"DiStriButafy

R.D 418 . : 'Na81rabad Distributary

. Judher Dlstrlbutary

Temple Distributary -

" R.D 505 _ Jhatﬁat Distributary
- D - Muhbad Pur Distributary

. Ballan Distributary
Bar1 Dlstrlbutary

R.D 558 ‘ ',Rupa Dlstributary _
Umurani Dlstrlbutary
Mangsi Distributary

. 0f 13 distributafiés in the Project Area, the Bittd Distributary
'commandlng the cultlvable area spreadlng along the Pat Feeder Canal
for the part from R. D 238 to R. D 342 Other 12 dlstrlbuteries of a.
total-length of about_260,000.£eet (79.3 km) are loceted.overjalOng
the ?ét Fééde;_Canal._ The average between distributaries is about
21,0Q0ifeet:(6.4fkm)...The aligﬁmeﬁt, seems to:be_feasonéble:for

proper water management practices interval.

Although ‘most- part of dlstrlbutarles have been kept in good
condltlon in. thelr cross sectlon,_ the water flow has been 1mpeded
sediments_and reeds in the canal_in at the downst;eam of each

distributary. -
Structure.

Structures of'the Pat Feeder Canal and distributaries are
'composed of cross regulators, head regulators, plain falls, outlets,

road brldges, rdllway bridges, flood inlets and.so on. The cross

regulators, head regulators and flood inleks provide only the gates,
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_whlch have been maintained in good condltions‘ The crests of some
plain falls at the downstream of distributaries are intentionally
broken in ordet.to_dlscharge the waterxduring:the period of the low

water level._ The outlets are of the pipe culvert type without gates,

- The bridges: provided on the Pat Feeder Canal are the national
highway bridge at R.D 489 and the bridges over the Cross regulators
only. 1hetefole,.the farmers in the Area usually have to cross the

 pat Feeder Canal by ferty boat.

Along the:distributaries, there areil?Ibridgés on the plain
falls, however, the farmers made have the. wooden bridges on the other
plain “falls for their Qéé. Animals and oxCafts cross the

distributaries at the shallow place of the flows.
¢) Present lftigation Conditions.

The water a]lowance of 1.0 cusec per 100 acres, (0. 7 11t/s/ha) is
given ‘under’ the conditions of 60 per cent of crop 1utea ity for about
«200,000 acres.(80,940.ha)t .The_acreage,.which ‘has the water
:sllowaﬁée“ss.mehtioﬁed above, "is - less thén 50 ‘per cént'bf'the
cultiVable commanded Léreé,__SlZ;OOOs_asres (248,000 has)
Notwithstanding having'thé'water.éllowane, the agricultural land
located at downstream cannot receive enough 1rr1gat10n water because
the capacity of the ex1st1ng Pat Feeder Canal and distributaries is

1nsuff1c1ent due to sediments in the canals.

__undei the circﬁmstances, the widening of the Pat Feeder Canal
and distributaries fasf well as- the provision of. systemstized
‘irrigétion-ﬁetﬁorks inclusive eof those of the bn—farm level aré the
prerequ151tes to the modernization of agriculture 1nclu51ve of more

than 120- per “dent crop 1ntensity in both Kharif and Rabi.'
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171.4.2, Drainage Conditions

In the exoetemgrcultivabielccmﬁandedfarca of‘the'PatrFeeder
Canal, there is'nq systematic drainage”faciiities; except.in the CCA
of Bitti bietributary, which is_covered by the Hairdin'Drainage
Prdject._ Theiprbject workezstartediin-December, 1974 and completed”
on June 301‘1980, and_the crdject has.beenlin full operation. since
July 1, 1980.under the-Right-Bank Outfall Drainage Project by the
WAPDA, ~ And the Feasibllity Study on Drainage Project for the CCA of
the Judher,_Na51rabad and Lower Uche DJstributaries is ‘undertaken by
the WAPDA. .And the Pea51billty Study Report would be submitted by
June 1982, (See Fig., IIL.4-1 of -Appendix I1I.4-1).

The Pat Feeder Canal crosses the Kachhi‘piain so that the flood
from tne'mcuntains'in the nbrthern Kachhi'has‘attacked the Pat Feeder
Canal Seﬁeral times. The floods resulting ‘in damage for the Pat
Feeder Canal and its cultlvable commanded area occurred in 1975 1976
and 1978. 1In order to alluviate the flood damages, the five flood
inlets have been constructed to flow some flood water intp the Pat

Feeder Canal. (See Table IIL.4-1 in the Appendix IL.4-1).
I1T1.4.3. On—Farmeondition
a) Water Distribution System

The irrigation canals at the on—farn leyel consist of main water
.courses,_branch water ccursesj5sub—branch Water courses,  internal
water courses, link water courses that. are specified in the Canal &
Drainage Act,_l931 ; These~faci11t1es 1ncluding outlets of the .
-dlstrlbutaries are- requested to be constructed by ‘the land owners:
'under the permissron of Superintendlng Engineer, w1th recommendation
_ of Executive Engineer of the Pat Feeder Div151on, and under the
'supeerelon of the Irrlgation Department. The, ex1sting outlets are o
of pipe turnout type without any gates, and control and: measurement

of the_diverted water can not properly be made by the outlets,
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" There ere some water pourses'et present- for water supply to the
farm lots of about 200,000 acres (80,900 has), which have the peak
demand water allowance of 1.0 cusec per 100 acres under 60 per cent

of crop intensity. -

'-_.The'feilOWing teBie ehOWS=thefwater'ceursé length and  its
'iﬁteneityeﬁfftﬁe'eXiéting'oﬁ4farm systeﬁ.deVeloping in fheiupStfeam
réach of Jhatpat and Muhbad Par Disﬁributaries'that weré ‘studied and
meaéurea on the maps with a scale of four inches to ome mile as a

sample area.

Water Course Length and Its‘Intensity

Description . Quantltles
Total . Area = o 35 840 ac . {14,504 has)
. Irrigated Gross Area 20,000 ac ( 8,094 has)
Irrigated Net ‘Area 18,000 ac. (7,285 has)
Length of Water Course 280,000 feet. (83,344 m)
Water Course Intensity 15.6 feetfac * ( 1L.7 m/ha)
Number ‘of Chak 1/ - g 25
, Average Area of Chak ‘ 800 ac . { 324 has)

‘As shown in the above table, the intensity of ‘the ex1st1ng ‘water
courses is at very low level for carrying out the modern irrigated
agriculture and proper water management, and the length of a water
course is very long as 2.12 miles (3.41 km) on an average and b.43
miles (7.13 km) in'the longest. "The average acreage of a chak‘is:as

large as 800 acres on an average,

'.Ineadditidneto'the ebove;”the'existing water courses -have"
'diffefénf'shapesfiﬁ theif'séctioﬁ}' The water course cduses the mich
ﬁater losses in theirfcdureé.-'Mdfeover, the large chak such as 800
acres 1mpedes approprlate 1rr1gatlon water: supply ‘to actual ‘crop

_water needs and successful water management.

1/ ‘Chak is a gross area ofrlendsefixed"for:irrigatidn'on an

VQutlet;"It'inclﬁdS'both the CCA and uncommanded area:
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b) “Farm Drain

There are systematlc farm drains of on-farm fac1lit1es in the

Progect Area,
c) Farm'Roads-

 There are a few parmanent farm road in the prOJect area, whlch
serve as between the villages and the main roadb,-not for daily
farming practices. For daily works, the farmers walk 1nt0 the farm
lots: through the fleld of others,;whlch are left in fallow or

non-cultivated land, since 40 per cent of the CCA is fallow.
d) Size and Shape of'Farﬁ

The size of existing farm lots commonly ranges from a half
acres to two acres, and the farm lots'have_about one acre on an

"average.
I11.5. Drinking Water Condition

: The Pat Feeder Canal is only the sources avallable for drlnklng
-water as well as 1rr1gat10n water in the Project Area, and almost of
all the farmers in the Area can depend upon . the potable water supply

by the dlstrlbutarles of the Pat Yeeder Cana]

' The potable water 1s usually stored in unglazed pots provided in
thelr houses Several numbers of these water pots are kept in. full
so as to serve for about two month use in taklng into account the

two-month cut of the Pat Feeder Canal from March 15th.
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CHAPTER 1V, THE PROJECT .

V.1, Objeotiﬁés-éﬁd COmpoﬁent of The Project:
IV.l.1. Objectives of The Project
‘The Project “Area and ite3neiéhborﬁood héve-been left far behind

in modernizetioh-up to present, resultlng in a lower populatlon

density than the average of: the Prov1nce of Baluchlstan. One of the

maJor reason of delay in modernlzatlon ‘would be the shortage of water

resources - for. irrlgated agriculture and the " existing ‘poor
agrioultofal*infrastroctural facilities' Inadequate  for- rationalized
farming Sueh"as ‘irrigation and drainage"oanalé  and ‘on-farm
fac1lities, whlch results in llmlted opportunities of employment and
low farm 1ncome. ,Slnqe_the.frogect Area is blessed with natural
_condltlons.;ncludiog“SOil}'Climate'aﬁdgtopngaphy:fof cultivation of
‘paddy ao&.uolaod cfope,'fhe poﬁentiéliﬁy of the Project Area for
agriculture could be surely worked out through sufficient 1rr1gat10n

water supply with adequate infrastructure.

The: Project  aims to indreasefagricultﬁfel produetioﬁ in the"
Projecf Area by more‘effectiVe ose of the Indus water diverted at the
ex1st1ng Guddu- Barrage, create employmeut opportunitles throughout -
the year, and improve the 11v1ng env1ronment from the v1ewp01nt of
the rural development through the prov151on “of assured 1rr1gat10n

water with improved agricultural supporting services and road system.

_ In order to. achieve the above—mentloned obJectlves and to. get
beneflt quickly in the whole Progect Area, the following should be
‘envisaged by - staglng manner in accordance - w1th the proposed

1mp1ementat10n schedule.'
i) Establishment of an irrigation system inclusive of widening

.DesertePat Feeder Canal, the Pat ' Feeder ~ Canal,

distributaries
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”:ii).

134)

iv)

v).

IV.1.2.

and minor eanals for perennial irrigation for profitable

orops,

Onffarﬁ development. for irrigoted;agriculture as well aé;.

for modernized agricultural practices;

Provisioh'of'roéd netﬁorks by improving servicé'foads along

””maln canals -and dlstributaries and the other roads. located

in the Project Area,

,Execution'of pilot prOject in the Project Areafto carry

out trlal farm (applled research) programme, demonstratlon

- of 1rr1gat10n fac1litles, advanced farming practlces and

training programme"and

'Instltutlonal arrangement and strengthening of agrlcultural

supporting services for full development of the Pr03ect

Area.

Comﬁonéots

.+ The Project includes_the following components: .

“ Civil Works

i1)

1,;iii)-;

- Irrigation Facilities -

.W1den1ng ‘and implovement of- the maln canals,-

-dlstrlbutarles,rmlnor canals, and related structures,

Onrfarm'Devélopment L

-COQStruction'of on-farm facilities.

;Roadgn_f.
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Construetion of road networks including . the improvement'of

service roads and the rehabilitation of existing roads.
Pilot Project
iv) --Pilot Facilities
Construction of the pilot facilities such as irrigation
facilities for demoﬁstration, laboratory facilities,
training accommbdation and administrative facilities.

v)  Agricultural Development Program

,Pfomotion,ofrappliéd_researéh, demonstration farm and -

modéfnnférming practices. -
vi} = Training Programme
Training of officials concerned with agricultural

development. and water management; “leaders and promoters of

‘villages and farmers in .the Project. Area.

_Agricultural Development .
vii) . Irrigated Agricul;urén.

Intrbductipn;of:modernizedfagricultural techniques'under

well-controlled water management.
viii). - Supporting Services
.. Provision.of necessary extension services .and training, and

-strengthening Qf: input supply, crediﬁ,-'marketing cand

“agricultural processing. .
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PAx) 'Agrielnstitutions

Establishment of farmers' organizations including those for
.operation and- ‘maintenance of drrigation facilities and -

agricultural cooperative’ activities,

- For the iﬁplementationIOf-the Ptcject with the above—mehtioned
'COMponents,fsuffiCient consttuctisn equipment should be procured, and
the appropriate number “of consulting engineers and experts should be

recruited.

Iv.2.. Prdject'Fsrnulatlcn |

IVtZ}l; Alternatives forngricultural‘Develsnment
1). Preliminaty'study ln:the field Survey

A prellmlnary fea51b111ty study on the Agr1cultura1 Development
Pro3ect through w1den1ng of the Pat Feeder’ Canal was carrled cut:in
Pakistan durlng ‘the field survey of about’ 10 weeks from the middle of
Februaly till the end of Aprll, 1982, The prellmlnary study was made
on - two alternatlves of . Case-1 (available water of -8, 200 cuser) and
Case 2 (avallable water of 6, 700 cusec) in accordance w1th the
Agreement on seope of works concluded between the Mlnlstry of
'Flnance, Plannlng and Fconomic Affalrs, Government of Paklstan and
:Japan Internat1ona1 Cooperatlon Agency, Government of Japan on
January 23y 1982 Acc01ding to the Agreemeut, the study w1ll be
centered on Phase s of the Project as- stated Anc the Para 3 of I
assum1ng the avallablllty of water of 6 700 cusec and 8. 200 cusec,
'w1th0ut going into the questlon of .distribution of "water and “the .
water requlrements (2,000 cusec) for Phase II of the Progect should

also be taken into account while examlnlng the capaclty of the Pat

._Teeder Canal System.
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A ‘study on Case-1 ‘was made:ptémising the available water of
8,200 cusec throughout the year. The_widening”of'Deeett Pat Feeder
and the Pat Feeder'Canals'and disttiontaries;'the construction-of
minotr canals and-the development of on=-farm facilities were scheduled
.to meet ‘the peak: water: requirement estimated based on the- proposed
cropping: pattern; Likewise, .a study ‘on Case~2 was made’ premising the
'available water of 6,700 cueec, andthe relevant civil works and
.develonment?progtamme'wére planned . to eope;with.the_peak.water

requiréments in the‘propoeed CYopping,pattern.
2) Feasibility Study Made during The Home Office Work

Through yanious.diecuesions and_neetingS*on the preliminary
stu&y'presented inh the Interim'Report, the feasibility study for the
devélopﬁEHtlof'the:PrOject'Waa carriea out as.the'hoﬁe office work,
In addltion to Case<l and Case-2 Studies described in ‘the :former
paragraph Case 3 and Case- 4 were’ taken up 1n the fe331b111ty study,

.for which the availability of water espec1ally in Rabi eeason was
carefully_examined. Case-3 is discussed based on the available water
of 8,200 cusec ianharif and'dependable water 1n Rabi season while
Case -4 is studied based on the available’ Water of 6,700 .cusec. in:
Kharif and. dependable water in Rabi. The irrigation facilities are

designed considering the peak water reqguirement to appear in Kharif,
3) "Resilts of the Alternative Studies

'ReSulta of the‘afoiementioned alternatiVe'studies_show.that the
croppingzintensity-of Case—l in Kharif and in Rabi is=60;per eent and
95'per'cent;-fespectively, resulting in the total cropping:intensity'
of'lSS-per'eent,'ﬁﬁile-in-Caseeé, the Cropping:intensity in Kharif
and Rabiris'SOIperfcent3and‘80 per cent, resPeetive1y3 totaling 130
per cent. From an’ engineering p01nt of view, it is very. obv1ous that
Case—1- development “would ‘be more beneficial than Case-~2. However,
‘the development plans in both Cases 1l and 2 have a physical

difficulty in the availability of water in Rabi season, since these
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plans. premise that water of 8, 200 cusec and 6,700 cusec will be
available throughout the year.

_.Although’ the Agreemént on. the Study .for. the Project (Scopé of
Work) specifies the availability of. water,'water:balauce study - on
the Indus River .at Guddu Barrage was roughly carried out, and a study
was made based on the water balance study as Case—3 study has
:revealed that cropping intensity in Kharif and Rabi will be 60 per
cent in. both seasons resulting in the‘total cropplng intensity of 120
per cent’ in c0n31de1ation of available water at Guddu Barrage for the
'Progect. Case-~h- study led to the 1ntensxty of 50 -per cent and 60 per
~-cent in Kharif and Rabl, respectively, and the total annual cropping

intengity-of 110 per cent.

The development scheme of both Case-3 and. Case~4 can Bg said

.technically.sdund and economically viable.
.A) Staged-ngelobment Plad

_ Through”the_meetings héld_between7thé-Government of Pakistan and
the JICA Mission on the Draft Final Report, . it-is concluded that a
supplementary study on. the Staged Development Plan shall be prepared
assuming that the existing cultivation and the Kharif cropplng
pattern are so adjusted that ‘the peak water requirements occur -in
July and August, and separatlng the engineerlng works . from the

Agricultural Development of the area.

- The Stégéd Devélopment blan has.seriously'considered the various
condltlons for the 1mp1ementat10n where the priority should be given
to the completlon of englneering works on the w1den1ng of .the Pat
Beeder Canal and the dlStrlbutan system and " the agricultural

.fdevelopment progect could be taken up in ‘the 2nd phase depending upon

-_.the.avallabillty_0f_fund§. ﬁThe.StagedﬁDevelopment_Plan will be

discussed in detail in thé_AppendiX‘as the Supplementary Study. -
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IV,Z.Z;'.Proposed:Scheme of Development
The main structures of the'Project'are the ‘widening. of
Deseri-Pat..Feeder and the Pat Feeder Canals; the imﬁrovément of

distributaries, the improvement or comstruction of minor canals and

the establishment of Pilot Project.
The salient features of the Project are shown as follows:

Project‘Area

Culturable Commanded Area {CCA) : 612,000 acres -
- (248,000 ha)

- Proposed Cropping Area

Staged Develop-

Case-3 Case-~4 ment Plan

Kharif Crops: acre 367,200 306,000 - 330,500
(ha) ~ (148,700) - (123,800) (133,700)
% 60 50 54

© 'Rabi Crops : acre 367;260 367,200 - 145,000
(ha) (148,700) (148,700)  (58,700)

7 60 . 60 . . 23.7
Total . acre 734,400 673,200 475,000
: (ha) . (297,400)  (272,500) - (192,400)

% o120 107747
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‘Canals . - The same scheme is proposed in any cases.

Maln Canals

Desert-Pat Feeder Canal : {7;00-Miies '(;lIfZB km) .

Pat Feeder Canal - 11820 Miles (190,20 km) *
Total - . 125.20 Miles  (201:48 km) -
. letributaries' | _ o R
15_Distr1butaries : 236.97 Miles - (381;36 tom)
Minor“ca}ials AR e |
CMinors - 772,78 Miles (1,243.63 km) =

Total of Canals -15134;95 Miles (1f826.47_km)
IV.2.3. Irrigatibn.Plan-
a) Irrigatidn‘wateﬁ.Requirements'
(1) Réferencé-qrop EﬁanotfanSpiration

Although obeervation data are - necessary An “any. methods,_there
are many methods to estlmate the reference crop evapotransplratlon
(ETO) which ig equivalent to the potentlal evapotransplratlon. ‘There
‘are two meteorolog1cal stations in the vicinity of the Pr03ect Area,
“they afe,?Jacbbabadﬁstationiand,USfa Mohammed  station. - Obeerned
items of .these tWo7efatiena are notISimilar'eaCh_Other. On' thé other
hand, each method tc;eatimatefthe ETo requires different oheerved

data.

_ Accordlng to the avallable cllmate data of these meteorologlcal-
stations; the monthly ETo can be calculated by Blaney-Crlddle‘
ametho&' Radlatlml method and Pan evaporatlon method. The ETo
5calculated by the pan evaporatlon method - w111 be applled to the
;Pr03ect Area, because the annual ETe¢ and - monthly peak ETo are’ hlgher

'than the others 1n thls value.
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(2) Crop:Water_Requifeménts.

Crop-weter'teqoirehents for gfowiné'sesson-Can'be“ealculated

with the following formula:
ETcrop Ke-x- ETo

where'"ETcroﬁ:-7Crop”wete% Reguirement
Ke ¢ CroP?Coefficient_-“-“

ETo:"Referenoe‘Crob'Evapotranspiration

Crop coefficieot (Kc)'.can' be detefmiﬁed,_ §aking= intoe
consideration the crop characteristics,'erop:plsnting or:sowing_dafs,
rate of crop developmeﬁt length of * growing season, - cliﬁatio
condifions, ete,- Crop planting or SOWlng data and length of growing
season. of the respectlve proposed. crops are c'hown in Flg Iv.3-1 of

Appendlx IV.3-2.  Crop: coeffic1ent and erop water-requ1rements on
- 10~ day ba51s Whlch are calculated with reference crop evapo—
Lransplratlon and crop coeff1c1ent -are; shown in Tables IV.2-4 to
1V.2-15 of Appendlx 1v.2-1. In thls est;mation, the follOW1ng

assumptions are made:

- Percolation rate in rice cultivatlon is. assumed as 0 04
—‘_1nch/day (1 mm/day) through the growing perlod of rlce...ﬁ
- Addltlonal water supply for land soaklng and land preparatlon
e;for the rlce cultlvation is estlmated at: 10 .0 inches (254 mm)

'.as below._

Water Requiréﬁéats_for Land Soakiog and Preparation'offRice:

Item : ‘ Inch-Method _Inch—MeEhod

(inch) - = (mm) -

3lst 1rr1gat10n for land soaking 207 . 68.6

2nd irrigation R X . 114.3

 3rd_1rr1gat1on' RS S 2 - E A S I |
0.0 :

254.0

“Total . - - . 1

Note: Detail descripfion is given in Fig.IV.2-6 of
Appendix'IV.Zel.' .
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For. pre- irrlgation water,_two 1nches for all upland crops -
except mungbean (Pulses of Khdrlf) and 2.4 inches for
-mungbean are - consldered because LultivaLlon for seedling is

very.hard without 5011 moisture,

The_leachiné'water requirement was estimatedtbqeed on the
electrical'conductivity"(O 4 mmhoe/cm)'and”crop 5ensitivity
to elech1ca1 conductivity in. accordance w1th the recommended
method by Trrigation & Drainage Paper No.24, "FAO,

The fesult is that the leaching water requlrement of each
' crop, except that of pulses in Kharif is 2.3 inches, is less

_than two inches. (See Table IV.2-20 of Appendix 1V.2-2)

Seasonal crop. water requirements in- consideration of  the

propose

d7crepping calendar ofeach crop are calculated as follows;

_ Net Seasonal Crop Water Requirement

,Cfcﬁ'Water'Requirement. Peak Requirement per'Daﬁ

Name of Crop” (inch) ~ : “(mm) (dinch) © - (mm) (time)
Sorghum 23.17 : 588.5 0.238 -~ 6,0 Sep. - 2
Rice - 41,95 : 1,065.5 * 0:431 110.9  Juli -2
0Oilseed (Kharif)*  16.00 406.4 0,208 5.3  Sep. - 3
Pulses (Mungbean) 20.58 . ©'522,7 - 0.272 6.9 Aug.. - 3
Pulses (Soybean) 23.74 ; 603.0 - 0.233 . 5.9 Aug. - 3.
Sugarcane - . 68.97.. . . - -1,751.8  0.391: - :9.9 - Jul. -3
Wheat _ C o 13.16 334.3 0,112 2.8 Mar. -1
Oilseed (Rabid% - 9.39 . 238.5  0.112 2.2 " Feb. - 1
Pulses (Rabi)* i6.11 . 4092 0.134 3.4 . Mar. -1
Fodder® - .13.84 - 351.5 0.115 2.9 Mar. -1
Note: The following typical crops were selected in computation of

¢rop water requirements marked * above;

VOileéed(Khafifﬁ e Sunf lower

Oilseed(Rabi).-._;;;—_Rape'
PulSES(Rabl) ----- Gram -
Fodder . . . i Egyptian.Cleve:‘
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f‘Aeebrding5to the:proposed cfoﬁﬁiﬁg'pattefa for ‘each case, the
total water requirements were calculated on 10-day basis as’ shown in
Table v.2-1, (For detail see Tables IV.2-15 to IV.2-18 of Appendix
IV.2-1)

In estlmatlng the total water requiiements; the following

irrlgation effic1enc1es are adopted

Conveyance eEfiCLONCY vasviersnvsurivnonnne 68 92

Field canal and appllcatlon eff1c1ency Lo 72

”For'the tonveyance efficleney, canal: logses sueh as seepage
'loea, evaporatlon loss,'oﬁeration-loes, etc.'of Deeert Pat'Feeder
Canal;  the Pat Feeder Canal, d15tr1butdr1es and minor. canals- are
cons1dered For the fleld canals and appllcatlon efficiency, the
canal losses of water courses and appl1cat1on loas of rice and upland
Crops are_con51dered._ Based on the above criteria, the Project

'efficiency is estimated to be 49.6 per cent.

Water:Allowance_

. The calculatlon of total water requ1rements on 10- day bas1s
'indlcates that the peak demand perlod w1ll take place in the last ten
days of September 1n_any cases. The peak demand water allowance,
which is the water amount to be delivered to the farmers at outlets,

is calculated by cases .as tabulated below: -

Peak Demand Water Allowance o

" Peak Demand Water

" Case . . ~ Allowance per 1,000 Acres
Case 1 L 9.23-eeaeé g
Case=2 : 7.54 cusec

Cagse~3 o 9.23 cusec

Case~4 - 1.54 cusec
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Annual Water Requirement

' From the above computation, annual wateéer requirements in each
case were calculated as shown in Table 1V, 2 1 and briefly tabulated

below:

Annual Water Requirements

(Unit: M.A.F)

Desci’igtion= Case~1 Case-2 Case-3 Case-4
Water requirement at the Guddu _ - _ '
Kharif Crop : 2.069 1.714 0 2,069 - 1.714
Rabi Crop ©1.292 - 1.115 0.837  0.837
Drinking- Water Lj ' 0.053 - 0.048 "0.053 "0.048
Total _ 3,414 2.877 ° 2.959 2,599
Water requirement at Outlet L e
Kharif Crop 1.422 - 1,180  1.422 1.180
Rabi Crop 0.885 0.813° 0,575 0,575
Drinking Water 1/ _ 0.036 0.033  0.036 0,033

Total .. . 2.343  2.026 . 2.033 ° . 1.788

Note: 1/ For drinking water, see Section IV.2-7 "Drinking Water
Plan"

b) Designed biséﬁafgé of Canals
1) Conveyance Canal

The conveyance canal con51sts of Desert~Pat Peeder Canal, the
Pat Feeder Canal dlstrlbutarles, and mlnor canals, and conveyance
e£f1c1ency was. determlned as 68 9 per cent, namely, cana1 losses at
_31 1 per cent. For the de51gn of canals, ‘the following conveyance
eff1c1ency of each canal is assumed and the unit designed dlscharge
of each canal was calculated taklng into consideratlon the canal

length dlscharge and size as tabulated below:
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Conveyance Losses and Unit Designed Discharge

_ Conveyance Conreyance' Tnit Designed
Name of Canal Efficiency - Losses - Per 1,000 Acres
: : . . Case 1,3 Case 2,4

Desert-Pat Feeder Ganal 85% 15% 13,40 10:95

and the Pat Feeder Canal :

pistributaries - 90% 0% 11.39 9.31
- Minor Canals 90% - 10% 10.26 - 8.38

Note: Total'conveyance efficiency is calculated as follows:

2) Water Courses

Water courses consist of the main water course, internal water
course and link water course, Each water course covers the following

areas:

Main water course ...... Chak (average of 350 ac)
Internal water course .. Irrlgatlon rotatlon area (average of
80 ac)

' Link water course ...... Irrigation block {(average of 16 ac)

: Irrlgatlon rotatlon will be made w1th1n an 1rr1gat10n rotation
'area, accordlngly, the de31gned dlscharge of main water course can be
calculated w1th the unlt de51gned dlscharge, and that of other water
courses wlll be calculated with the_peak water demand 1in ‘rotation

irrigation.

Link Water Course

Accordlng to the proposed cropping pattern, the ﬁeak'watér
demand will occur  at the land soaklng and land preparation time for
" rice when rice is planted in 60 per cent of an 1rr1gatlon rotatlon
area. The' amount is water quantity necessary for Jland soaking, ldnd

-preparatlon, and for flrst day irrigation of rice.

~g3.



In land. pxéparation and land scaking for rice, .one_'time
ploughiﬁg and two times harroﬁing will be made in a plot.: The
land preparation and land soaking for the whole'Project Atrea ‘is
expected to be pompletéd':in.‘&ﬁrday.'pefiod. The rotation of
Watét:supplj'fox the land preparation and land soaking of rice will
be made within:an‘iffigation.block-sérved'by.a link water course,
Then; the designed discharge of a link water course is determined

based con the following figures:

- One rotatiom area: - : - : 16 acres

~ Land preparation period for-one rotation area: 40 days

- Land préparation & sbakiﬁg: 110.0 inch
First'irrigatiqn : : : . 2.8 inch -

- Efficienéy: o : : : 76%
Consequently; fhe_design discharge of a link water course is

_ _ % S _ .
calculated at 0.283 cusecs (8.0 lit/sec), which is equivalent to

0.0177 cusecs/acres (1.2 1it/sec/ha) inclusive'lbsses.

Internal Water Course .

Supply of water from an_in;ernal Wéter éoﬁtée to link water
coursééfis planned to_be-umde'simultaﬁeously; Therefore, - the-
designed disqhafgg of an internal water Course_will be three timesg
that §ffa_link water_éoqrse.plué.cbnveyaﬁce losses of'the'interval

water course, namely, 0.90 cﬁsecs.(25.5 lit/s).

* (12,8 inch - 12 x 43,560 sq.ft x 16 acres)/(40 days x 86,400 sec
%.0.76) = 0.283 cusecs '



Main Water Coutsé’ -

, The' chak, which 16 setved by ‘4 main Wgtef course, is wot a
totatiohél ﬁnit; SO'thét the designed discharge of a main water
cou1se can be “determined- based on the peak demand water al]owance
1nclu51ve of its conveyance losses, ‘which' is equlvalent to 9. 23 -

cusecs: per 11,000 acres.
IV.2,4, Canal Plan
1) Alignment of Irrigation Network

The existing irrigation system of the Pat Feeder Canal Project
is comﬁésed'of Desert Pat Feeder Canal, Pat Feeder Canal and 13
distributaries. The alignment” of -~ these main canals and
diStributaries "would be maintained, and for  effective water

manageméht’ahd'reductibh'of'water'lOSSes in the.water courses, minor
-canﬁls'should be constructed from distributaries to decrease the-
iength of the main courses. _ _

In genetal,-an intensity of main and lateral/sécondary canals in
an irrigation’ system is . discussed as a 1ength of canals per unlt
1rrlgable area ranging from 10 ft to 20 ft per acre. In contrast,
the existing-Pat:Feéder Canal System:haé a canal inten51ty of 2,9 ft

per acre, resulting from a large chak and long main water course.

-To:cafry out proper water management, the size of a chak should
be maintained at reasonable magnltude,_and the minor canal of
4, 080,000 ft in total length or a canal den81ty of 6.7 ft per acre is

proposed.

It:is_proposed to extend the Pat Feeder Canal by 12.5 mlles
(20.1 kms).and to newly construct two dlstrlbutaries, ‘Qabula’ and
Murad, for irrigation of an exten51on_area o£.146,000 acres in-the

downstream of the Project Area.

-95-



2) Minor Canal

. The-head of.a wafer course is generally 1ocated at the.
immediately upstream of the fall together w1th some of the ‘other
water courses.-Therefore, several water courses.run in parallel with

each other. These water . courses arefmontly-of irregular shape énd
route, resultlng in much water losses: and dlfficulties in operation

and malntenance.'

Some parts of water courses would_be substituted by the proposed
minor canal ~and integrated to improve the size of chaks and the

alignment of water courges.
3) Turnout and Checkatruqture

Diversion works from a main_canal to distributaries will be
provided with gate to control the flow of water. 'To easily operate
the diversion works with gate, a check gate is installed at cross

regulators of main canals to keep a sufficient water level.

A constant head oriflce turnout (double gated turnout) 1s used
for dlver31on works from a dlstrlbutary to mlnor candls to measure
and- control_the flow of-waFer,n_Tq.keep_a su£f1c1ent water level in
the‘diétributaries'for divefting the'watef'floﬁ:during low water
flow, the falls and brldges Would be prov1ded w1th stop—log by

1mprov1ng the said structure.
4) ﬁydtéﬁlin Dimgnsipn nf:Canais_
a) Selenfinn of'ﬁormula fnr Hydraniic Dééign of Canais
& If is ‘important for hydrauiic denign.of Canéis tn-séléct:a
formula _to determlne the depth bed w1dth, side slope and

_longltudlnal.slope of cannls,; Generally speaking, Mannlng Formula is

well knoﬁn; However;7in-Pakistan, Lacey's Formula is commonly used
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for the design of unlined earth canals. A study on the.fermula for
. canal velocity is nade based on a calibration result of canals by

'curreut meter durlng the field survey.-

Manning'FormUIa"

= t1.486/n).R3/2.sl/2

where. s Mean'ﬁeloeify in ft/sec
- ‘Hydraulic mean depth in ft

Sloﬁe of canals

B ow ® <

..

Coefficient of roughneSS :

Lacey's Formula
V= Q. 3458/Na) R3/4 1/2
where  Na: O: ozzs‘fllé' |
f: ‘Lacey's silt fact01 = 1.75 mllzi
m: Mean dlameter of silt i millimeter
= 10 per cent of the mean diameter of silt

ﬁarﬁicles'ih the river waler

_ The callbratlon of canal by current ‘meter has revealed that - the
coeff1c1ent Df roughness(n) of Mannlng Formula ranges from 0. 0201 o
0. 0209 assumlng mw = 0.17 to 0.23 mm and f = 0 8 (0 72 to 0.86).
,Therefore, Lacey g Formula can be applled to “the hydraullc de51gn of
canals n = 0.020 approximates to the result of caliblation(Seé

Appendix).

Slnce RD- 109 to 145 and RD 418 to’ 505 of ‘the Pat Feedel Canal
are uniform and regular in canal shape without . weed grow1np, the
coefficlent of_roughness was empirically determined at 0.020. Pro{.

Ven Te Chow-discuseee on the eoeffieientxef'fdughﬁees'inihie bodk'of_

1
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"open Channel Hydraulics as 0.018 at ﬁﬂnimum and 0.022 ‘on an
average. Therefore, n.= 0 020 is quite reasonable. Cn'the'other
hand, accordlng to the USBR criteria, the coefficient of roughness of
canais of this kind is n = O 025 in- case. of a discharge less than 100
cusac and n = 0.0225 or 0 020 An case of a discharge over ‘100 cusec,
This is because the value of '"n" commonly decreases when the canal

discharge'increases;

_ Though the discharge ‘of Pat Feeder Canal ranges from 11,000
cusec to 2,000 cusec, n = 0,020 in Manning Formula can be applied,
and that leads. to the_same,pesuitbof calculationaby Laceyfs Formula,
which is very. commonly used in Pakistan..'Therefore Lacey's Formiila

is used for hydraulic ‘design of canals in the Pfoject._

In case of brick lined canals, Manning Formula is applied with

the coefficient of roughness n = 0.015.
-b) Permissible Velocity of Canal

Canals in. the Progect Area are unllned earth canals and - the
Indus water belng dlverted to. the canals contains much suspended
load. These unllned canals should have an approprlate flow to
protect the canal prlsms from scouring and, dep051tion of 811t. The
maximim perm1531ble ‘'velocity to prevent. scouring. o tne“m;nlmum
peimiss;ble velocity to prevent silt deposition depend upcn the soil
characteristics:to-cause'sediment'in watef and natural factors, but

general_liﬁits_can_be'set down from experience. .

Mr. R. C Kennedy, Executlve Englnee1 of Punjab Irrigation
'Offlce, publlshed his work in 1895 that non- silting ‘and non—scourlng
velocity Vo is given by:. '
o =.0.84 D;Q'64.
where . Vo:-_,,crit}caltg.velocity . for non-silting - and
' non-scouring in ft/sec .

‘D: - depth of canal in ft/sec 7
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Accordiﬁg-to'"Open'Chaﬁnel'HydrauliCs” of bef"Veh Te Chow, the
‘maximum permlssible velocity of c¢anals applicable to ‘the Project is

dé follows::

 Fine Sand ‘and Séﬁdy_Loam 2.5 ft/sec
' $ilty Loam - 3.0 ft/sec
Hard Loam : . © 3,5 ft/sec

c) Side Slope of "Canals

Considerlng the general conceéption on de51gn ‘of canals in "Open
Channel Hydraulics" and "De51gn Standard of USBR", ‘the side slopes of
1:1 and 2:1 are applied for silty loam and hard Toam, and sandy loam,

1espect1vely, for the design of unlined earth canals,
d) Freeboard

The freeboard of'a canal is'uSﬁally designed'by empirical
ﬁanner. Although the freeboard is a{fected by the canal Slze 1nflow
of flood 1nt0 the canal and movement of water surface, etc.'y the
: freeboard equlvalent to-5-to 30 pet cent of the depth of the canal is
generally used. On ‘the other hand,_the range of the freeboard is
.ébnsidefea as one foot fof‘sma114éize canale'and four feet for large-.

size canals with 3,000 cusec or above.

' Tékihg info coﬁsidetation the'safe of both canal dikes;:theﬂ
orlglnally designed freeboad of three feet for main canals and two

-feet for dlstrlbutarles are applied in the Project.
e) ' Berm

A service road .or an'operetien.end—maiﬂteﬁanee'road.with a top
width of 25 feet and the shoﬁlder'of threé.féet fé'desigeedefdr the
left bank of tﬁe main canals while a bérm'with'arfop width of 20 feet
and a top elevatlon by six feet higher than FSL is-designed for the

right bank of the main canal,
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For distributaries, a berm with a Lop Width of 20 feet is
designed for the left bank and the berm at the rlght bank w111 have a
top width of six feet.

) ”Caﬁal.Lpsses

Gonveyanee loss and other - losses of the. mein ‘canals,
dlstributaries, and ‘minor canals were estlmated at 15 per c¢ent, 10
per cent and 10 per cent, respectlvely, and the. conveyance efficiency
throughout the system was . calculated at 68.9 per cent, The
above-mentioned canal losses  include seepapge loss, evaporation loss,

operation loss and so on.
“1v,2.5. Drainage Plan
a) Drainage of Flood from Hilly Land

SlnCE the ‘Pat Feeder Canal crosses Kachhi plain from east to
west, flood water from the hllly land located at the northern Kachhi
plain has attacked this canal. TFor the prevention of the Canal from
flood damagee and the consideration of {flood management, ' the

following four methods would be'eonsidered;

i) %o construct cross drains under the canal to introduce

flood into the Project Area;

i) 'To construct the drain inlet to 1ntroduce flood water

into the Pat Feeder Canal;
iii). “To ‘reinforce the-right bank of.the Pat Feeder Canal to
stand against future floods and to flow dowh flood

“‘water to the lower basin;

1v) To store flood water in the hilly side.
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The following shows the advantage and disadvantage of each

__method mentioned above.
1) . Method to construct the cross drain,
advantage:

Thieﬁis the most common method of fiogd ﬁrdtection,'
and highly reliable. ' '

disadvantage:

The Pat Feeder Canal being about 350 feet w1de on an
average, it is difficult to construct the

cross drain without temporarily stopping the canal
flow. ' '

[
mde

} -~ ‘Method to construct the drain inlet.

'edVantage:'
It is easy to construct the drain inlet.

disadvantage:
A:drain'inlet'of a very big cepaciry is required'tb
:meet the peak flood Furthermore, it is necessary to
give the Pat’ Feeder Cdnal a large capacity to meet :
both the 1rr1gation requ1rements and floods, resultlng

in’ dlfflculty in gate operatlon for the cross

regulator and head regulator.
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iii) . Method to reinforce the .right bank of the_Pat:Feeder'Canél'

advantage:

. The_eeﬁstruepion_by this methpd is easy because the
_ﬁbank can beereinfo;ced with excavated materials in the

_wideningfpf the.canal.
diéadVantage:
Since flood water will be conveyed toward the down-
stream‘of the Pat Feeder Canal the flood damage

might be concentrated to the commandable area of

. Murad dlstributary
.iv) Method to store flood water in hilly side
edventage:
The eeestruetioﬁ of streceures.such as:dam,.conveyance

canal, etc, for this purpose can be carried out

independentlj outside the-froject'Afee,
&iéé&#antége:

'It-tekee a ipﬁg_timei?o.eonetrhct those structures.
Taklng 1nto the conelderatioe the censtruction cost éonstrﬁction
perlod, constructlon method, etc., of each methed, the method 111) is

recommended~fpr the purpose.

On .the other hand, the -flood protection of the Pat Feeder and

Klrthar Canal (Baluchlstan Portion) has ‘been studied by the National_

Engineering Service (Pakistan) (NESPAK), as_summa:;zed below;
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1) Major works by raising and strengthening of the right
‘bank of the Pat.Feeder Canal in the length of 149,000

feet,

ii) - Minor works By raising, strengthening and restoring
the existing fight bank of the Pat Feeder Canal to
‘designed section, The length of the bank
neccséifafing'such works

is 153,000 feet.

1ii) = Construction of ‘a’canal along the right bank of the

" Pat Feeder Canal in the3length'6f-78,000 feet.

iv) -Conmstructiom of flood regulating and dispersing

structures
v}  Incidental works for the above.
More détailed discussion is given in Appendix IV.2-4

. .According to the ﬁroposed'Cross*section‘bf the Pat Feeder Canal,
the right bank of the canal is three feet ‘higher than the left bank.
in elevation. -And the follbwingfparts of the right bank of canal is

designed to be a&ditibnally banked up to the designedfelevatioh.

‘From R.D 201 to kﬂD 246 ,;.;.;... 6 feet
From R,D 368 to R.,D 372 ........ .5 feet

In_additibﬁ,fthe5excévatéd_materialsffr6m thézPat Feeder Canal
~ shall not be used for the embankment of theé canal but spoiled at ‘the
right_side'df the bank of the.éanal.- in this manner, the NESPAK's

recommehdations‘of i) and ii) ¢an be realized.

'In'NESPAK'S study,:the=éxtention of the Pat Feeder Canal 'is mot

~taken into dccount and the_fiood 1s planned to be led to the Qabula

¢
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ﬁallah and Bagh River. However, it-is planned in the Project that
the Pat Feeder Canal will be. extended to R.D 624, crossing the Qabula -
Nallah consequently, flood will be separated at Qabula, a part.will
be réleﬂsed to the Bagh River after flowing down along the rlght bank
of the Pat Feeder Canal, aod the other willjflow to the ddwnstream of
the Qabula through the proposed ctoss drain under the Pat Feeder
Canal. And the designed discharge.of the proposed cross drain was
estimated at 10,000 cusecs by d1v1d1ng the design dlscharge to the
flood protectlon bund(FP Bund) of Kirthar Canal calculated by NESPAK

by the (atchment area.
b) Drainage from Fields
(1) Drainage Quantity to Drainage Canals:

CIn plannlng the field drainage, the seasconal fluctuatlon of
groundwater in water balance was estimated with the following

formula:.

H=xf+fk+fn-2-W-Y

where . H: * seasonal f]uctuatlon of groundwater
xf:  seepage of prec1p1tat10n
Lk Seepage,from canals
fu iseepage from irrigation
evaporatlon from non—cultivatlon fleld
;outflow‘ofvgroundwater from .the Project Area
Y: drainage water amount.from.groundwater to

drainage canals

. In estimating the seasonal fluctuation of groundwater by the

above formula,'tﬁe following assumptions were made:

- The seasonal fluctuation is estimated on monthly basis.
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~ A precipitation of less than:two inches per month is not’
considered to affect the groundwater since sich precipitation

will be Jost in evaporation or as surface runoff

C- Seepage from canals such as the Pat Feeder, distributaries,
and other minor ‘canals will ‘be gathered by deep dralns, 8o

that-the seapage is not c0n51dered-effective.'-'

L= Seepage from irrigatlon is. con51dered to be equ1valent to an
' _estlmated delivery amount at an ouLleL minus drinking water -

and crop water requirements.

- About five per cent of the irrigation water for rice is

wasted as surface flow,

- -Evaporatlon from uncultlvated flelds (fallow) 15 estlmated

at 15 per cent ‘of an observed evaporation by pan- evaporat10n.

-~ The outflow of groundwater ffom:the Project Aréa-oau_be
estimated by the Darcy's law, and the coefficiéut of water
_ permeablllty is assumed to be 1.5 feet/day (0.4 m/day) on an

average 51nce solls in the Area are of silty clay loam.

Accordlng to the calculat:on by the above formula, in the case
that dra1nage water amount to dralnage canal "is considered by 0. 001
lncheslaay for the overall Progect-Area,zcommonly the ground—water
table recovery to:the 1n1t1a1 1evel will take one- year 'HoweVet, for
the land of cropplng type C dralnage ‘amotint to the’ dralnage canal

‘was estlmated at 0. 032 1nches/day.
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(2) Interval between Open Drains -

Iﬁ-determiniﬁguthe interval between epen drains,'the Frust's

formule'is-used_ae follows:

h = q-L_2/8‘.k_’_D_1- + (q«.-_L/,T,--K).gl.n(DO./u). |

in ﬁhich;. o ‘ _
L interval of opeﬁ:drains in meters | .
q :_.drain'discharge expressedﬂie_meters pef-day
. (m/day) . | ... -
Koz hydraullc conductlvity of the layer in m/day
| (0,46, m/day) _ _
h :i.the hEIght of the water’ table above the drain
-level 1n drains in meter (0.5 m)

: ln(D /u)/m K = Rr.'radlal r851stance (1,4).

As e-resultsiof the celeulation, the following interval between

open drains is obtained:

-fD;aiﬁ Discﬁarge o Drdin Spacing

0.001 inches/day (0.000025 m/day) 2, 760 feet (842 m)-
0.032 inches/day (0.0008 mw/day) 459 feet (140 m)

(3) DraihegedPlan'

From the above study, the follow1ng drainage plan is

recommended
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