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Abstract 

An Irri gat ion - Drainage Syst em fo r Salini t y Control 

by 

Kazi Ab d ul Muktadir 

An irrigation - drainage system for salinity 
control is d esigned for a typical small scale farm in the 
region of Mirpurkhas, Pakistan. Land is developed by 
reclamation of the affected soil through leaching of salts 
from the root zone. 

Inexpensive earth channels are designed to 
reduce losses d ue to see page. Storage pand s to provide 
irrigation water according to the crop requirements, are 
included . Dr a ina g e i s acco mp li s he d thro ug h d rainage walls 
which pump salin e g ro und wa ter to lo wer t he water table. 
The s2_ i n e wa t e r mi xed with th e c a nal wa t e r is to be 
rea pp _~ e d t o the lan d a s irrig a ti on. 

An I rri ga t ion - Drainage Syste m for Salini ty Control 

fo r a f a rm in th e Mi rpLJrk has r Ggion o f Pa ki s t a n. 
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Cha pter I 

Intro d uc tion 

Salin ity is the accu mulation oF s olu b le 

salts in the soil that ten d to be toxic to a plant and 

its envir onment . The soils in arid and semi arid 

regions contains relatively lar g e amounts of soluble 

salts. In most cases there is insuffici e nt rain to leach 

the salts from the root zone. 

Pakistan is one of the countries whose pro-

ductive l ands are threatened by the menace of salinity. 

Over a hundred years of irrig at ion development have 

resulted in the worl d's largest integrated system 

(Eckert et al 1975). The system harnesses resources from 

the In dus River and has converted deserts and barren land 

into lush g reen productive fields. But incomplete water 

mana e ~ ent practices have led to the in creas e in salinity. 

Research work an d programs to control thi s 

... er.~::s ~ave be en conducte d by t he Government at a nat -

ional ~ eve l s ince 1954 ( Clyma and Corey 1974). But 

physi ca ~ ~n d soc io-ec ono mic problems have prevented 

the p r omu l ga vion of th ese pro g rams at a national level 

to a great e xtent . 
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Ob jective 

The obj ect ive of this work was to find a 

solution for the indivi d ua l farmer in order to control 

salinity through im pro ve d irri gat ion and drainage 

practices. A study of improv ed methods of water appli-

cation and wa ter ma nagement practice s was also carried 

out. 

General 

The land under study is a 18 8 acre farm loc­

ated about 8 miles south of Mirpurkhas city in the 

Province of Sind, Pakistan. The lan d is stone free and 

flat in topography (Fig.l). The texture of the soil is 

silty clay loam. The for mation of soil is over sub­

recent deposits in the flood plain of the lower Indus 

River. 

Preci p i tat ion in t he region is less than 25Dmm 

(10 incl1es) annu2lly. The climate i s hot and t emperatures 

rang e between 17 to 35°C . throughout the year . The 

cli ~ate can be classifie d as sem i ar i d , sub tropical, 

continental. Eva potranspiration rates ar e very high. 

The lan d is ir rigated by the Daulatpur minor 

canal and lies on the l eft bank of the canal. Water is 

received for 73 hours 30 minut es each week at a rate of 

1.1 cusec . The canal lS perennial a nd flo ws with water 

for 40 weeks every year. One week per month is used in 

cl eaning waterwa ys and for their maintenance. 
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Cause s of S~li_~i tv 

Th e soils of Sind have sa lt s due t o geo logical 

form a tion. Thes e salts lie deep in the soil a nd a re not 

present in the root zona. Pr ev io us ly th e wate r table 

was lo w and the problem of salinity did n o t ex i st . 

The introduction of lo w intensity irri gation 

by gravity flow was a bles s in g bu t the lack of drainage 

was a fault in design. The a pp lication of water for 

over a hundred years increased the water table depth. 

The groundwater is saline (3000 ppm of TDS) and with 

high evapotranspiration the salts were brought to the 

surface. 

The poor design of canals and waterways led to 

excess seepage of water and lo~ water delivery efficiency. 

This was one of the main causes of rising water table. 

Farmers r ec eived wate r on a turn system called 

warab c.nd i. The turn of the f arme r com es once a week. 

0 ne .. ea k e '1 er y month the ca n a 1 i s c 1 o s e d for main t en an c e 

and ;: _ea n ing. Thi s system l e d to a bad prac tice of over-

flo ~~ ~ ~ c of f i e l ds dur in g the tur n s a nd not app lyin g wa ter 

acc o .:- :: i , ;1 to crop requirements. The excess water, whe n 

eva~ ~ ~atej and tr a n sp ired, br ought salts to the surface. 

Irrigation canal wate r c ontain s lOO times 

more s alt than rain wa ter. Th e tot a l di ss olv e d salts 

(TDS) in the can a l water vary between 128 ppm ih J uly 

and 27 8 p p m in March. The pH of cana l wate r also va ries 
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fro m 7.5 in Au g us t to 8 .2 in January. In the long run 

the sal t content of the soil is also increased due to 

canal water . 

Lack of levelling als o incr ea ses the salt 

content i n the soil. Old method s of levelling practices 

are still f ollowed. This ten d s to leave depre s sions 

in the fiel d s. These depressions are more prone to salt 

accumulation. 

Win d and temperature also play their role. · 

Fields a~fe c ted by salinity have a loose structure at 

the surface. Winds then transport the salt at the sur­

face to n e igh bouring fields and thereby create a salt 

problem. 

-- ~~ -



Chapter II 

Review of Literature 

Cantor (1970) describes the Indus basin as 

containing the largest single stretch of irriga ted land 

in the world . One-fifth of this 33 million acres is 

severely affected by salinity and waterlogging. 

Ismail (1971) calculates an increase of 0.5 

million tons of salt deposit through 2500 cusecs of 

canal water in the lower Indus basin. 

Corey (1977) points to the pro b lems as low 

yields, lo w water use efficiency, high seepage losses 

from canals, salinity and waterlogging. Control of these 

proble ms would lead to an increase in productivity by 

five times. 
> 

Choudhry (1975) lists the various soil surveys 

con ducted in the Province of Sind and points out that the 

soils a~e calcareous in nature with a very high pH. Also, 

the potential calcium present would be useful in r9cl8iming 

t~e l3n ' through leaching and cropp in g practices. 

The report of FAD on reclamation and ~anagament 

of calcareous soils (1 972 ) shows that the presence of 

calcium and magnesium carbonates pose only a minor problem 

for plant nutrition. The presence of we ll hu~ified 

organic matter (0.4 - 0.7~S in a 100 cm soil profile) helps 

in over coming the harmful effects. Ap pli cat ion of farm-

yard manure is also suggested. 
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El Cabaly (1977) observed that the concentra-

tion in g roun dw ater in the lo ~ er Indus region could be as 

high a s 30 ,000 ppm. If control measures a re not adopted 

then ; s a l i nit y could affect the soil profile up to 6 feet 

in 12 yea rs. 

The International Source book on Irrigation 

Drain a g e and Salinity (1973) in discussing conveyance 

loss, states that 11
--- for preliminary estimates, it may 

be assumed that in typical earth channels, under usual 

conditi ons, about one-third of the total water delivered 

will be lost by seepage, operational waste and evaporatio~'. 

Eckert, Dimick and Clyma (1975) report that 

losses fr om c anals due to seepage were measured and found 

to be between 30 - 50% of the water transported. 

Clyma and Corey (1 973) note that the flat Indus 

plain ha s a do wnstream dro p varying from 9 inches to a 

foot p e :::- mile. Natural dr a in ag e is not readily apparent 

since most of the ar e a has lo w rainfall and the runoff 

is mini mal . Artificial d r a in s have not been constructed 

and sur f ace d rains are virtually non-esistent for irriga-

tion water . 

Revslle (196 4 ) discusses the need for an 

integ ra t io n be tween supply and drainage of irrigation water 

for salini t y con~rol. The use of drain~ge w e ll ~ was 

sugg esteu a s the permeability of the soil is high. 

'I 
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The irriga t ion, )rainage a nd Fl ood Contr ol 

Research Council of Paki s tan (1 975 ) in d icat es th at th e 

first r ec l amatio n proj ect was started in 1950 und er the 

name of Sa linity Con trol a nd Re clama tion Project (SCA RP). 

Under thi s scheme 33 ,00 0 tube tUe ll s we re t o b F. installed 

over a period of 10 years. 

Ahmed (1962) points out that 10 per cent of the 

Government tubawells in Punjab went o ut of operation due 

to the pumping of very fine sand . 

Dorfman (1966) shows that drainage wells are 

more effective than tile drains in Pakistan. This impact 

is seen also from th e increase in private tubewells in 

Punjab wh ich outnumber the Govern ment operated wells by 

15 tima s . He suggests the construction of drainage 

channels to trans po rt groundwater, of high salt concen-

tratio , to t h e s ea or to salt l ag oons in the ' ~ o e serv. 

Lo wd ermilk, Clyma an d Early (197 5 ) show the 

incr~ asa i n reclamation and effic i e n cy of Government 

Lo sses throu g h use of different 

met~ods of lift in g wate r have bee n calcu l a t ed . 

Corey (1 974 ) discu s s ing practices that should 

be 2~~~tad for lan d im pr ov eme nt a nd wa ter management 

suggests len d levellin g , wat er course rehabilitation and 

linin g , tubewe ll in s t a lla t ion for d r a in age a nd irri gation 

a nd storage facilities for water on the f a r m. 
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Jo hnson , Kempe r , Reu ss and Lowdermilk (1 97 7) 

indicate th roug h their studies, that watercourse losses 

are re duced by over 90 per cent if lined with cement and 

plastere d wate r courses hav e a delivery efficiency of 

over 94 per cent. 

Cho wdh ry, Ahmad and Shafique (1977) show that concrete 

and brick ma sonry lining is very expensive. Earthen 

improvement of water courses with concrete control some­

times is a cheap alternative that increases delivery 

efficiency by 50 per cent. 

Abdur Rehman and Haq (1977) observed that · two con­

secutive crops of Sesabania aculeata (jantar) reduce the 

salt content in the soil by over 75 per cent. 

- [l -
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Chap t er III 

Desi gn Inf or ma t ion 

To pography 

The topographic informati on ~ as oj t a ine d 

from the d e tailed map of the Daulatpur minor canal pre-

pared by the water distribution cell. .0. to pographic 

map of t he field under study was made a t a scale of 

1:2500 . The land is flat and stone free. I t ha s a 0 . 1 ;s 
gradien t. The area of the field is 188 acres, which is 

divided into small basins for flood irrigation. Twenty 

acres ar e divided into one acre plots and the rest are 

1.5 acre plots. 

The land lies on the l e ft bank of the canal 

an d t hs dis tance between the field and canal is 1205 

me trs s ( 3 950 feet). Irrigation wa te r fro m the canal 

flows f o r 73.5 hour s every we e k at t he r at e of 1.1 cusec . 

at th~ out let . In all, 6. 88 acr e fe et of water are 

d eli ve r ed to the field every wee k . 

To maximiz e field efficien cy th2 land should be 

pr ecisio n levelled. A standard of ~ 2 cm of levellin g 

sa ves 40 ~; o f irrigation time an d g iv es a n i nr-ro?.c:o -in \1 -i old 
-"- '' '-' .._.._. .._.. -.....J .._.. -- ~ · , ........ .._._ 

o f 20% as com pared to traditional lev e l l ing (J o hn~on e t a l, 

1977) . The traditional way of levellin g i s by using a 

flat , l ong board, which does not achi 2ve the stand ar d pre-

ci s ion l evel lin g . Thi s can be eas il y ach i e ve d by a t ra c tor 
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and scrap or. The cost of precision levelling is Rs 4/m3 

of soil. ( S0 .40/m
3

). Precision levelling Dill also 

save a lot of water and increase the water applic a tion 

efficien cy . 

Seepage losses in the water ways are as high as 
r-; o rrt 
J /0 ( Ec kert et al, 1975). Seepage loss has to be reduced 

to control salinity. Lining by brick or concrete would 

reduce the seepage loss by 94% and the initial cost is very 

high. Improvement of earth channels by compaction would 

reduce initial investment but the maintenance costs are high. 

Soil Analysis 

The soil analysis of the soil profile is given in 

Table 1. The soil texture varies from silty clay loam to 

clay loam. The soil is classified under Shikarpur series 

(Appendix A). The hydraulic conductivity of the soil is 

0.3m/day ( 0 .98 ft/ day). 

The total soluble salts (TSS) vary from 0.6% to 

t 1 52 c' at t h e s u ...... fa c e T h _i s w i 11 have to be red u c e d by 0 • ;-:! ..... • -

leac hin g a nj by gro win g sa l t tolerant crops. The soil has a h 

high pH a nd i s calca reous in nature. The presence of calcium 

and go od cation exchange cap a city of the soil will help 

in leaching the salts. The Ca + !VIo : r~a ratio is greater -' 

than 2 which is a good feature as the Ca helps to form 

soluble s alts that can b e drained (Ha g en et al, 1967). 
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Iable 1 . Phy sio - Chemical AnQlysis of ths Soil 

Profile Depth cm 

0-15 15-30 30-60 60-90 

(/b ) 
~ 

Sand 42 30 18 22 

Silt (o/ ) ;u 28 33 L~ 6 L~ 0 

Clay ( j·~ ) 30 37 35 38 

Texture Clay ' Clay Silty Clay ·clay 
Loam Loam Loam Loam 

Water holding capacity ( jb) L+5. 3 50.8 49.9 44.5 

Organic matter content ( /~ ) 0.68 0.66 0.65 0. 55 
t · 

pH 8.2 8.4 8 .2 8 . 3 

Total soluble salts ( ~~ ) 1.52 0.76 0. 88 0.6 
~ I Ca Co ~ c js ) 9. 6 12.5 12 . ~~ 9 . 8 
~ ..) 

Co"7 (meq/ 1) Nil Nil Nil Nil 
,.) 

H Co 3 ( meq/ 1) 0. 62 0.88 O. G8 0 .7 2 

Cl (n:eg/1) 14.0 7.0 9 . 0 5 . 0 

SoL~ (meq/ 1) 2 6 .2 14. 2 15 . 0 10 . 1 

Ca (me q/ 1) 7.6 1.6 3 . 4 2 . 0 

Mg ( me q/ 1) 4.8 1.5 ~ . 6 1 . 64 

Na ( rn eg/ 1) 2 7.0 1 6 .5 17 . 5 1 L~ • 0 

K (m eg/1) 0 .51 0.24 0 . 24 0 . 20 

Cat i o n e ~< c ha n g e c a p a c i t y (meg/1) 13.5 14 .0 13 . 0 7 . 0 
++ ++ ( I . ) Exchongooblo Ca & Mg moq lOOgm of sol1 9 . ~~ 9 . 0 9 . 2 7 • r 

ExchanDeublo Na ++ (meg/lOOgs of so il) ::5.50 3.25 1.7 5 1.2 5 

ExchangoGblo Na + ( ;s ) 25.9 23 . 2 1 ::5 . ~~ 1:5 . 9 



Th 2 g round water table var i es fro m lo83 to 2.4tJ m 

(6 to 8 f t . ) . It contains 3000 pp m of total dissolved 

salts (TO S ) . The depth of a cJe ep s and a quifi er varies from 

1 2 to 20 m (40 to 65 f t . ) . 

The low or ga nic matter co nt e nt i s due to low rain-

fall an d high temperatures in which it is readily oxidized. 

Chaudhry (1 975 ) suggests the pl a ntation of trees along 

canals and roads to act as wind breaks and thereby decrease 

evaporation ra te and increase humidity. All this will even-

~ tually contribute to higher organic content in the long run. 

Climatic Data 

Climatic information for the Mirpurkhas region was 

obtained from the Pakistan Metereological Services (see 

Appen d ix B). The annual precipitation is 213 mm and mean 

thl t t bet we en 17 to 34 oc. mon y empe ra ure ranges The relative 

humidity varies from 47 to 66%, the wind velocity is high 

during sum me r. 

The evapotrans pir ation rate was calculated using 

the Blan e y - Grid d le metho d, as sh own by Door e nbos and 

Pruitt (1 9 77) . Se e Ta ble 2 . 

= E I • K -cp c 

= cP (0. 46T + s ) 

Where Et 

K c 

Evapotranspiration mm/day 

Crop coefficient 

I Potential evapotranspiration mm/day 

p 

T 
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Mean daily % of total daytime hrs. 

0 Mean monthly temperature C 



~ 

(.;.~ 

Ta b l e 2 - Monthly Ev 8 QDtr a n s pirati o n Rates* 

' 

Mo nth ME;an t e mp . p 1<· ·)(- p(D.46T+8) E K *·x- Et - tp c 
mm/ day mm/day 

~--------

Jan 17.17 0. 2 L~ 3.82 2.8 1.05 2 • 9 {~ 

Feb 19. 6 6 0 . 2 6 L+. 43 3.1 1 .05 3.2 6 

Mar 24.66 0.27 5.22 4 . 0 1 . 0 5 4. 2 o-
Apr 3 1 . 17 0.29 6. 48 - 6. 0 1.05 6.30 

Ma y 34.4 7 0.30 '•7 .16 6. 7 0.80 5 .36 

J un e 34. 0 3 0.31 7.33 7 . 0 1 . 1 5 8 .0 5 

July 3 1 .08 0.3 1 6.9 1 6. 0 1 .10 6. 6 0 

Aug 31.45 0.2 9 6.52 5 .5 0. 65 3 . 58 

Sept 29. 62 0.2 8 6. 0 6 4.5 0.5 5 2 . 4 8 

Dct I 28.25 0 .26 5.46 3.8 0.80 3 .04 

No v 23. 0 4 0.25 L-t. 65 3 . L+ 0. 65 2 .2 1 

Dec 18 . 2 L~ 0.24 3.93 2.6 1 .0 5 2 . 73 

* B1 a n ey - cr i dd1 e method as show n i n Crop Water nequirement b y J. Do o r en b os 
a n d W. D. Pruitt ( 1977 ) . FA D Irriga t ion a nd Drainage Paper # 24. 

** .Estim a t e d value s of p, c a n d Kc ca n be obta i ned from tha a bo v e me ntion e d pGpe r. 
I . 
·11 
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Tabl e 3 - Seasonal Cropping Pattern 

fVlo nt h Cro p a nd Croppinq Operation 

Jan ltJh eat Sugar cane 

Feb ~\/ heat harvest Sugar cane 

fVlar t-J heat harvest Sugar cane, harvest 

Apr Cotton planting; Sugar cane, harvest 

f"iay Cotton planting; Sugar cane, harvest 

June Cotton 

July Cotton 

Aug Cotton harvest 

Sept Cotton harvest· Sugar cane, planting 

Oct Cotton harvest Sugar cane, planting 

Nov vJ heat planting Sugar cane 

Dec Wheat Sugar cane 

The c ro ps that are to be grown are wheat, cotton 

and su ga rc ane . The cropping season pattern of these crops is 

sho wn in T~ble 3. According to this cro pp ing pattern the 

annual evapotranspiration rate is calculated to b e 1545 mm 

(60. 8 in.) as shown in Tabl e 2 . The minimum monthly irrigation 

requirement is calculated by subtracting monthly rainfall from 

th e monthly evapotranspiration rate (Table L~). The minimum 

annual irrigation requirement would be 1331 mm (52.4 in.). 
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T a LJ 1 c ·~ -- M i n i. 121 urn ~1 o n t h ~ I r r i g a t i o n f{ e g u i r em en t 

------
Month Rainfall Evapotranspiration Minimum Irrigation Requirement 

m r~o nJJ!... __ .lfl rn( cl c!_Y. _ __!.!ll}1fto n t.h mmlmonth 

Jan 2 . 5 (_~ 2 • 9 L~ 9l.L~O 88.86 

Feb 5 .08 3 . 26 91.28 86.20 

Mar 2.54 4.2lJ 130.20 127.66 

Apr 5.08 6.30 189.00 183.92 

May 5.08 5. 3 6 166.16 161.08 

June 10.16 8.05 241.50 2 31. 3 L~ 

July 1CJ1.60 6.60 204.60 103.00 

Aug 60.9 6 3 . 58 110. 98 50.02 - I \.r. Sept 15 • 2 L~ 2 .4 8 7 (_ ~ . 4 0 59.1 6 

Oct 0.00 3.04 94.24 94.24 

Nov 2.54 2.21 66.30 63.76 ' 

Dec 2.54 2.73 8 L~. 63 82.0 9 --
213.36 1544.49 1331. 33 



Chapter I V 

Salinity Control 

Seepage 

Seepage is a major contri b utor in the caus e of 

sa linity. I ts control prevents loss o~ valua ble water and 

deterioration of the soil. The le a st expe nsive mea sure 

is to co mpact the earth in th e channels. This alone will 

minimize percolation of water from the channel to the soil 

by 70%. 

Th e existing channels should be demolished and 

ne w improve d channels constructed. The bottom of the 

channels should be 15 cm (6 in.) higher than the field. The 

soil should be put in layers and compacted by a sheepsfoot 

roller. A 1:1 s i de slope shoul d be maintained to prevent 

embank ment failure . The settling of silt, which is sus-

pended i n ~he canal water , will a l s o seal the channel over 

a period of ti me. 

The des i gn dim e nsio n s (Fig.2) were bas ed on a 

rate of flo w of 1.1 cusec. Th e base width i s 30 cm with a 

depth of 45 c m, g iving it a fr ee boa r d of 15 cm. The 

len gth of th e main channel from the land to the field is 

1204 m ( 395 0 ft .) an d from the pond to the end of th e 

fie ld- i s about 1200 m ( 3935 ft.). 
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Drainage 

Draina g e is one of the ma in featur es through 

~h ich salini ty can be reduce d . This is acco mp li s hed by 

leaching the salts from the root zon e and lowering the 

wat er table. 

The amount of leaching required is determined 

from the leaching ratio. (International Source book on 

Irrigation, Drainage & Salinity, 1973). 

L.R. = EC. 
lW 

ECdw 

where L.R. 

EC. 
lW 

Leaching ratio. 

Electrical conductivity 
of irrigation water in 
mmhos/cm 

Electrical conductivity 
of drainage water at 
pe rmissi ble salt . level 
in mmhos/cm 

The ele ctrical con d uctiv ity of the canal water is 

0 . 9 ~ ~~hos/c m an that of th e d r a inage water required is 

4 mfilho s/cm. He nce, the amount of leaching required is 

0 • 2 5 or 2 5 ~~ o f i r r i g a t i on w a t e r . 

This can be accompli s hed by sinking drainage wells 

~ nd . pumping the groundwater. The equation for hydraulics 

o~ we lls ta ken from Schwa b (1 96 6 ) 

T K ( H
2 

- h 
2 

) q 
log ( R/ r) 

8 

= 

- 1 '/ -

is: 



whe r e Q rate of flow in cfd 

K hy d raulic co nductivity in fpd 

H h e ig h t of st at ic wate r level at 
well mea s ure d fro m bottom in ft. 

h height of water lev e l a t th e well 
mea s ur ed from t he bottom in ft. 

R radius of influence in ft. 

r radius of well in ft. 

The r ad ius of influence is taken to be 300 feet. 

For a lea ch i ng re q uirement of 0.25 a minimum of 0.18 ac. 

ft. per day (7 840 . 8 cfd) should be pumped. Using the 

equ a tion va lues for different radii and depths can be cal-

c ula ted (Ta ble 5). A minimum of 6 feet of height of water 

lev e l i n t he we ll wa s assumed. 

Ir r i gat i on 

Ir r i g a t ion is the other feature for salinity 

c ontr ol . To l each th e s a lts, e xtr a wat e r has to be applied. 

For a 0 . 25 l each i ng ra t io t he mini mum monthly irrigation 

r equ i rement would ha v e to be adjus ted accor d ingly. (As 

shown in the Internat i onal Source bo ok on Irrigation, Drainage 

& Salinity) . 

I = ECdw Et 

EC - EC . d w l W 

where I Irrigation requirement 

Et Evap o transpiratio~ 

EC Electric a l conduct~vity . 

subscript. - iUJ irrigation water 

d~ - drainage water 

Table 6 s ho ws the adjusted . minimum monthly irrig-

ation requirement tak in g l eac hi ng into account. 
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Tab le 5 . Req uired Radii and Depths of ~Jells 

No. of \rJells 
r' ft. H, ft. Q, cfd. Required 

0.25 80 2763 3 

90 3501 3 

lOO 4327 2 

140 8495 1 

0.33 80 2876 3 

90 3644 3 

lOO 4503 2 

140 8 81+2 1 

0.5 80 3062 3 

90 3881 3 

lOO 4796 ··2 

130 8116 1 

0. 75 80 3270 3 

90 4144 2 

12 5 8011 1 
~ 

l 80 3437 3 

90 4355 2 

11 1 25 8 4 18 1 
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Tabl e 6 . Ad justed MiniDum Mo nth l y I r riga t i on Re quir em ent 

Eva potr a nsp i rat i on, t. t Ir r i ga t i on Re q uirement, I 
r~o nt h mm/ month mm/mo nth 

J a n 91. 4 121.06 

Feb · 91.28 120.90 

Mar 130.20 172.45 

Apr 189.00 250.33 

t-'1 ay 16 6 .16 220.08 

June 2 41.50 319.87 

Jul y 20 4 .60 270.99 

Aug 110. 98 146.99 

Sept 7 4 . 40 9 8 . 54· 

Oct 94 .2 4 124.82 

No v 66 . 30 87. 8 1 

Dec 84 . 63 11 2 .09 

2 04 5 . 9 5 
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~ -----~----------------------------------------~~·~--

Floo d irrigation has been used to irrigate the 

fields. I t i s l ess e xpe ns ive in ope rating cos ts. The dis-

tribution of wat er will hav e to be c ontrolled by gates and 

=oncrete command structures. Fi gure 3 sho ws th e desi g n 

feat ures of t h3 comman d structures. A total of 14 such . 

struct ure s wou ld be required a lon g the main wat er channel 

fro m the pond. The previous distribution channels could 

be used wi th improvements by means of compacting the soil 

with a sheepsfoot roller. 

Th e ground water pumped could be used as additional 

irrigation wat er . The groundwater is usually saline ·with 

a co nce ntrat ion of 30 00 ppm. In such a case it should be 

mi x ed wi th the cana l water and th e n ap plied . The ratio of 

the mi x can be calculated by the e quation giv e n by Dorfman 

et al (1 966 ). 

Ca = 

';here 

Da 

Ca 

- E .. T 
t 

Da 
X 

Salt c once ntration i s water applied 

CT Max i mum co n cent ration in soil water 

Da De pth of app lied water in ft/week 

T 

Equival ent depth of water in a soil 
column at field capacity 

Eva pot ranspiration rate in ft/week 

Irrigation time peri ods betwe e n 
waterin; in weeks 
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Fo r a n increase in irri ga tion rat e by 25 % and 

reduction i n watering period to 1 .5 weeks , with field capa-

.' f 0 3/ 2 Cl~Y o . 8 ft ft , th e salt conce ntration of app lied 

water Ca = 

Thi s mixe d wa t e r sho ul d be ap p lie d to salt 

tolerant cro ps such as Sesa bania ac uleat a (j a ntar), Castor, 

Rice, Sugar ca ne, etc. 

Storage of \tJ ater 

Storage of water is a necessity which enables water 

application according to crop requirement . If water 

received from the canal is stored and is use d when required, 

then the application efficiency increases tremendously, 

resultin g in be tter crop managem e nt and yields. 

Two storage ponds have b een designed, one for canal 

water with a cap ac ity of 14 ac-feet and the other for ground 

water wit h a capacity of 3 . 0 ac - feet . The capacity is 

designed for the critical ti ~e betw e e n maintenance an c 

cleaning o: the canals. Thi s p er i od is 15 days. 

The design i s sho ,·· n in Figure 4 . A s ide slope of 

1:1 is - a ~nt a ine d for both ponds . The cana l water pond 

measures 142 x 54 m ( 465 x 175ft .) a t the top and the groun ~ ­

water pond meas ure s 40 ~ ao m (1 25 x 125ft.) at the top. The 

depth of both the ponds i s 2. 45 m ( 8 ft.). The ground is scraped 

and compac ted wit h a shee psfoot roller to mini mize see~age. -

Inlets at the can a l pond sh oul d be s cre e n ed a nd ha ve a trash 
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r ack at an a ng l e so t hat a ny debr i s c a nnot hin de r t he flo w 

a nd b e clea ne d a wa y eas ily. 

Pu mp r eq uir e me nt s 

For dr a in age we ll s the p ump r eq uireme nt c a n be 

calcu lated , u s ing t he US DA p ump ty p 8 select i on c ha rt 

( App en d ix C). The eq uat ion for c a l c ula t in g t he pump horse­

po wer r eq uired is Sch wab (1 966 ). 

Where 

hp = Q w h 
330 0 0 Ep 

hp = horsepo wer 

Q Discharge rat e 

w specific weight 

E pu mp efficiency p 

g pm 

of water 8 .34 lb/gal 

a s a de ci mal 

The volu me o f w at~r th a t s hould be pumped every day 

is 0. 1 8 ac -feet (7 840 . 8 cu.ft/da y). Fro m Ta b le 5 we see that 

t wo ·:2lls a t a depth o f lO O f e et are r e quired for r ad ii 0.25, 

0 • 3 = 2 1 , d 0 . 5 f e e t to g iv e s uch a f 1 o w r a t e . Th e s e v a 1 ue s 

a r e ~~~ge ste d as l oca l d ri lle r s cou l d d o t he j ob , otherwis e 

prc ~=sa ~ o na _ dr i l l e r s ha v e to be l ocated . The r ef or e, each 

well ~ 2~~ ~ res a 2 horsep o we r motor a nd a n BD% e fficient pump. 

The sa me e q ua tion co ul d be used to calculate the pump 

r eq~iramen t for ir r i gat ion. He r e too we ne ed t wo pumps. One 

f or t he -ca n a l wa te r , ta n k a n d th e - u th · r o f sal in @ - g~o undwater 

t o ~'J ·· s e d wi th mi x in g o f c an a l wCJte r . 

- 23 -
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A total volume of 267 acre feet of canal water is 

to be lifted 8 feet annually. The power requirement of the 

punp would be 1. 25 hp. For water from the groundwater pond, 

0.4 hp ~oul d be su fficient. These were calculated at an 

operation per iod of 12 hours per day. 
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Ch2pter V 

Cost Analysis 

l. Capital Investment 

a. Seepage Reduc t ion Work 

(i) Cost of 7900 ft. im proved channel 
D Rs 3/ft. = Rs. 23700 

(ii) l~ control structures 
~ Rs 500/strus tur e = Rs. 7000 

Sub-total for seepage control 

b. Cost of pump ® $ 150/hp (Rs 1500/hp) 

(i) Cost of 2 irrigation pumps of . 
1.25 + 0.4 hp/ ~ Rs 1500 hp 

( ii) 

(iii) 

Cost of 2 drainage pumps of 
4 hp @ Rs 1500/hp 

Cost of 3750 feet of PVC pipe 
@ Rs 5/ft 

Sub-total: 

c. Storage pon~ 

(i) Cost of excavat ion canal 

Rs. 30700 

= Rs. 2475 

= Rs. 6000 

= Rs. 18750 

Rs. 27225 

water sto~age 141 x 54 x 2.45 m 
@ Rs. 4/m~ = Rs. 69075 

(ii) Compact ion ~~ Rs 80/ acre 

(iii) Cost of excavation of 
draina g e water stor aoe 
40 x 40 x 2 .4 5 m ; R~ 80/acre 

Su b-tot al : 

d . Pump House 

Therefore, total capit a l cost = Rs. 14 4 ,670. 

= Rs. 1120 

= Rs. 250 

Rs. 85245 

If the total capital co s t is amortized for 20 years at 
12 ~ interest th e annual cost works out to be Rs. 193 68 .42. 

Th e refore, cost per acre per year = Rs. 10 3 .02 
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2. Operating Cost 

Fo r 12 hour operat ion, t he power required is 

112 32 . 2 kw hr . At a cost of Rs . 0.50/ kw hr the 

cost of power = Rs 56 1 6/ y ea r. 

Cost o f power at Rs 0 .5 0/kw wk = 11232 . 2x0 .5 = Rs 561 G 

Maintenance cost ·o 0.05% cost 
of pumps 

Ther efore , t ot al operating cost 

Cost per acre per year 

3. Tot al Annual Co st 

= 0.05x5.65xl500 = RS 424 

= Rs 6040/year 

= Rs 32.13 

The total annual cost of the system per acre = Rs. 103.02 

= Rs. 103.02 + Rs. 32.13 

= Rs. 135.15 

( 1 US dollar ~ 10 Pakistani Rupee s ( Rs.) ) 
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Chapt er VI 

Di s cu s sion 

The ma in objective of t he design was to find a way 

of recl a i ming land and in creasing productivity of lands 

affe ct ed by salin it y on 2 small sized farm. The d es ign of 

the syste m should be such that it can be accomplished by 

using local too ls and mater ial s for construction and labour. 

Horizontal dra inage us ing a network of tile drains 

could have been des igned, but due to the water table, which 

lies at a depth of 8 feet, it would require heavy machinery 

which woul d have to be i mported . Also the plastic drainage 

tubing is unavailable in Pakistan. 

The depth of tubewells has bee n limited in the 

des ign for 100 feet as this is th e maximum dep th t~at can 

be achiev ed by the l ocal we ll digge rs. In Punjab, depths 

of over 350 feet , with over 2 f e et diameter, a re carried 

out usin g powe r dr ill s . Thi s could be done wi th a slightly 

hi g her cost . 

Fl ood i rr igation i s pract iced in Pakista n which 

has a lo w operat in g cost and i s cheape r to use. It is 

beneficial in leachin g soils and is very effective. Sprinkler 

irrigation is a n alternative but the li miting factors are 

· 1 b · 1 · ' f 1 ·· - -11 a n u- r::- a c t~-u~-r-e d e q 1 1 i n m P n t ~n rl-. hi ·g h non - aval_ a l l"CY o _ oca y m 1 ~- , .. ~~ .. - ....... ~ .. ~ .. 

energt costs for pumping . This means i mport of eq uipment 

which also ha s a high operating cost. However, for future 

development s a travelling gun sp rinkler wo uld work very well. 
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Most of the e xcavation and co mpac t ion work could 

use the ch eap labour rather t han goin g t o heavy machinery. 

Excavation o f the ponds coul d b a d one b y using a tractor 

with a blade and compacted b y a shee ps fo o t roller or many 

passes of tractor and tanker fille d ~ it h ~ater. The soil 

should be compacted in layers. Earth chann e l s c ould be 

excavated an d compacted by hand equipment and labourers, 

which would reduce the costs. 
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Cha p t e r VIII 

Conclusions an d Re comme ndat ion s 

Th e climate and soil in the region provides 

con8iti o ns favourable for agricul t ure. The potential of 

intensive crop production with high yields is possible 

through better water management practices. The problem of 

salinity is mainly created due to bad management and irrig-

ation practices followed by both the Government and the 

farmers. However, as much cannot be done at the Government 

level, a lot could be achieved by the individual. 

- Management of water on the farm would result in 

an increase in yield by at leas t 300%. The application of 

farmyar d ~anure in large quantities should be don~ frequently. 

Stra w mix ed ~ith manure coul d also act as a mulch which would 

re d uc e e ~aporation and al so i ncreas e fertility. 

The land should be level le d precisely to increase 

water a ~ pl i cat ion efficienci ss . The stan dard for levelling 

+ 
shoul d be - 2 cm. The us e o f an . I englneer s level would be 

benefici2l. Better design of b ulloc k drawn levelling boards 

should be made to maintain th e level. 

Tre e s should be planted along the road, __ channels 

and plot bounda ries, in order t o act as wi ndbreaks . This 

wou l d also he lp in reducing the r ate of e va por at ion. These 

wind breaks would also prevent, to an extent, the wind blown 

sa lt s from se ttlin~ on fertil e land. 
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The use of wind power in pumping wate r would 

be benefici a l as the region f a lls in a wind belt which has an 

average velocity of 10 - 12 miles pe r hour for a reasonable 

amount o f time during the year. The ini t i a l co s t of 

construction of wind operated pumps ma y be high but the 

increasing cost of diesel or electric pumps might make the 

installation feasible. 

Filters for tubewells should be very fine to pre-

vent sand from being pumped. Locally produ ced filters 

are very good and inexpensive. 

The total annual cost per acre is estimated to be 

Rs. 135.15 per acre. This is feasible, considering the fact 

that productivity would be increased and land developed. 

Besides this, the supplementary water provided by drainage 

would increase the area of land that can be irrigated every 

year 

A great deal of str e ss should b e given to the 

cu~ t i vat ion of salt tolerant cro ps such as Jantar (Sesabania 

Ac u _3 2t e), barley, rape, e tc. Heav y le a ching for two con-

s a c~t i va cr ops of Jantar c a n r educ e s alt s by over 75 %. Salt 

co u ~ d 2 ls8 b e a by-product of the land a nd could be used by 

hu ma n s an d animals for consumption and also in research, etc. 

The practice of retrieving salt is very aid in this desert 

region of Thar. But irrigation develo pme nt has reduced it 

consid e ra bly. 

Regular maintenance of water channels should be 

done in or de r to k~ep them in shape an d r ed uce future expenses. 
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Figure 1. Layout plan of irrigation channels and 

drainage wells on Abedeen farm, Mirpurkhas. 
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Ap pendix A 

Shik a rpur Series 

Th e Shi karpur series consists of d e e p and very 

deep,modera t ely well draine d , mottled , calcareous, fine tex­

tured soil, developed in the mixed alluvium derived from 

the Himal a yas. It has a cambic (structural) 8 horizon. 

The series occurs in an arid and semi-arid tropical marine 

climate and occupies mainly level to nearly level broad 

basins and channel infills in the Subrecent floodplains. 

Parts have developed in the subrecent eastuary plain with 

a shallo w cover of normal river plain deposits. 

It has a dark grayish brown silty clay, massive, 

friable, mode rately calcareous, surface ho~izon, underlain-

by a ver y dar k greyis h bro wn silty clay, distinctly mottled, 

moderatel y ca lcareous 8 horizon with we ak to moderate medium 

and c o c~ se suban g ular b l o c ky structur e . The 8 horizon overlies 

eit her a st r at ified s ubstr at um o r a b uried soil. The horizon 

bou~=a~ i es are gradua l a nd c l e a r s moo t h. 

Prof ..:.. ..Le 

The follo wing profile was described an d sampled in a 

specially prep ared pit a bout 20 0 metres east of 6th milestone 

f r om Mi rpurkhas on M ir p ur kh as- Mirw a~ road. At the time of 

8 x-a mina t i 0 n t h 8 pI' 0 f i 1 e - wa s d-ry--- up t 0 2 2 .. c m·,; t1 ep t h "2ll"1""""d m 0 i -s t 

be lo w. The f ield was fall ow after cot t on har ve s t. 
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AP 0-12 cm 

Bl 12-22 cm 

821 22-60 cm 

f 

822 60-85 cm 

Dark greyish brown (lOYR 4/2) moist and 
light brownish grey (lOYR 6/2) dry; 
silty clay; mas s ive; very sticky, very 
plastic, firm moist, very hard dry; 
moderately calcareous; co mm on very fine and 
few fine ro ots; clear smooth boundary; 
PH 8.2. 

Dark greyish brown (lOY.R 4/2)moist and light 
brownish grey (lOYR 6/2) dry; common fine 
and medium yelloGish brown (lOYR 5/6) and 
few fine and medium brownish yellow · 
(lDYR 6/6) distinct mottles; silt~ clay; 
weak coarse and very coarse subangular 
blocky; very sticky, very plastic, firm 
moist, very hard dry; common very fine and 
few fine tubular pores; common fine and 
medium lime specks, moderately calcareous; 
few fine roots; -gradual smooth boundary; 
pH 8.2. 

Very dark greyish brown (lOYR 3/2) moist' 
and greyish brown/light brownish grey 
(lOYR 5.5/2) dry; common fine and medium 
distinct yellowish brown (lOYR 5/4, 5/6) 
and common fine and very fine distinct 
olive grey (5Y 5/2) mottles along root 
channels; silty clay; moderate ~~dium and 
coarse subangular blocky; very sticky, 
very plastic friable moist, very hard dry; 
very dark greyish brown (lOYR 3/2) cutans 
possibly of soil material and humus on 
ped face s ; common fine and very fine and 
few medium tub ular pores; many fine and 
medium lime sp ecks,,moderately calcareous; 
co mmon ver y fi ne and few medium snail . 
shells; few fine roots; gradual smooth 
boundary; p H 8 . 2 . 

Brown/dar k b ro wn (lDYR 4/3) moist and pale 
brown (lOY R 6/3) dry; many fine and very 
fine and co mm on - medium distinct yellowish 
brown (lOY R 5/4, 5/6) and common fine 
distinct olive grey (5Y 5/2) mottles; 
silty clay; we ak coarsa· sub_sangul~E _ blocky; 
~er~ sticky, very plastic, friabLe moist~ 
very hard d ~y; patchy thin dark greyish 
brown (lDY R 4/2) cutans possibly of soil 
material an d humus on ped faces; common 
very fine and fine and few medium tubular 
pores; few fine lime specks, moderately 
calcareous; few fine roots; clear smooth 
boundary; pH 8.2. 
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823 85 -1 05 cm 

II~lb 105-120 cm 

II82b 120-160 cm 

Dark greyish brown (lDY R 4/ 2 ) moist many 
fine and me dium olive grey (5 Y 4/2) and 
co mmon fine and medium yellowish brown 
(lDYR 5/4, 5/6) d i s tinct mottles; silty 
clay; moderate med ium and coarse sub ­
sangular b loc ky ; very stic ky ; very plastic, 
firm moist, very hard d ry; brok e n thin 
dark greyish brown (lDYR 4/ 2) cutans 
possibly of soil ma terial and humus on ped 
faces; common very fine, few fine and 
med ium tubular pores; commo n fine and few 
medium lime spec ks , moderately calcareous; 
common very fine snail shells; few fine 
roots; abrupt smooth boundary; pH 8.2. 

Dark greyish brown (2.5Y 4/2) moist and 
light brownish grey (2.5Y 6/2) dry; common 
fine faint and few fine distinct yellowish 
brown (lD~R 5/4, 5/6) mottles; very fine 
sandy loam; very weak coarse subangular · 
blocky, slightly sticky, slightly plastic, 
very fria ble moist, slightly hard dry; 
common fine and very fine and few medium 
tubu lar pores; moderately calcareous; few 
fine snail shells; common very fine charcoal 
pieces, few scattered pottery · pieces; 
co mmon very fine and few fine roots; gradual 
,s mooth boundary; pH 8.2. 

Greyish brown (2.5Y 5/2) moist and light 
brownish grey (2.5Y 6/2) dry; common fine 
an d medium distinct yellowish brown 
(lDYR 5/4, 5/6) and few fine and very fine 
distinct olive grey (5Y 4/2) mottles (along 
root channels); ver y fin e _san d y loam; · 
ve ry weak coarse su ba ngular blocky; slightly 
sticky, slightly plastic, very friable moist, 
slightly hard dry; common fine and very 
fine tubu lar pores; moderately calcareous; 
fe w krotovinas; fe w fine roots; pH 8.1. 
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Range of Charac teristics 

a. Profile characteristics. The surfac e horizon ranges in 

thicknes s fro m 10 to 15 cm; in col our fro m very dark 

greyish brown to dark greyish brown (l OYR .3/2, 4/2); 

in te xture fro m silty clay loam to silty clay or clay; 

structur e is massive and is moderately calcareous. 

The B hor izon ranges in thickness, usually from 76.to 

120 cm; in colour from very dark greyish brown _to dark 

greyis h brown (lOYR 3/2, 4/2, 4/3 and 2.5Y 4/2); in 

mottles from common fine to medium distinct yellowish 

brown to olive grey (lOYR 5/4, 5/6, 6/6 and 5Y 4/2, 

5/2); in texture from silty clay or clay, in structure 

from weak coarse to moderate medium and coarse sub-

angular blocky; and is moderately calcareous. Few to 

com mon fine to very fine . lime spec ks , few fine iron­

man~anese concret ions and few fine to very fine snail 

s hells may be present . The C horizon ranges in colour 

from ver y dark grey i sh br own to brown/da r k bro wn (lOYR 

3/2, 4/2 , 4/3); in mottles fro m few to common fine and 

ve ry fine d istinct yellowish bro wn to olive grey (lOYR 

5/4, 5/6 and 5Y 5/2); in texture from silt loam or very 

fine san d y loam to silty clay loam to silty clay or 

clay;- in struct ure from massive to we ak thin to ~ edi~m 

platy; an d i s moderately calcareous. Few to co mm on 

fine to very fine lime and gyp s um specks may be present. 

A buried soil may be present below B or C horizons. 

The pH of the entire profile ranges between 2 .0 to 8.3. 
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f I I 



b . Enviro nm e nt al Charact e risti cs . The ser ie s oc c upi es 

level t o ne arl y level ba s ins or ch a nn el infills in the 

S u b r e c en t f 1 o o d p 1 a i n s u n d e r a r i d an cl s e m i- a r i d t r o p i c a 1 

marine c li mate with a mea n annual rainfall o f 125 to 225mm, 

most of wh ich falls durin g the monsoon season ( mid June 

to mi d Se pte mber) and so me in winter (December to March). 

The mean annual temperature is about 79°F: the mean 

summer ( May, June and July) temperature is about · 92°F. 

and the mean winter (December, January and February) 

temperature is about 64°F. May is the hottest month 

with a mean ma ximum temperature of about 107°F. and 

January is the coldest month with a mean minimum .tern-

0 perature of about 44 F. Normally there is no frost but 

in so me ye a rs it may occur for a few days during 

Dece mb e r an d Janua ry. 

The natur al vege ta tion in the uncultivated 

parts i s co mp rised of Acacia arabic a (kikar), Prosopis 

s pici oera ( jan di), Al haq i c am elorum (jawa n), Tamarix 

G.:. CJ c_ a (la i ), Cyn od on dacty lon (k habba l gr a ss) an d 

C2lot ~ op~s oro c er a (a k ). 

o ·s t ri but i on and Extent 

The Shikarpur series is very extensive in the 

... I 

I 
I 

Su bre.c e nt flood_p__l_ains _gf_ t_he __ Ir) d u.s an cl Na:ca ritt9r -s _within ~·-·"~-'"'"'--::_.>; :- -:'. 

the s urve y a rea. 
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Pre se nt Land Use 

The series is mainly used for general cropping 

wit h per e nnial canal irri gation. The main crops are 

cott o n, sugarcane, wheat and fodders. At places it is 

also used for mango orchards. 

Associated Soils 

It is associated with Pacca·, Bahalike and Bagh 

series. Bahalike and Bagh occur on relatively higher 

physiographic positions than Shikarpur series. 

Similar Soils 

The Shikarpur series is similar to Pacca and 

Shahpur series. Pacca differs in being moderately 

deeply homogenized (less than 90 cm) and Shahpur is not 

mottled. 

Remar ks 

In addition _to t he Shi karpur normal, the fall-

owin g pha ses we re recognize d : 

Shika rpu r sali ne surface (slightly to moderate 
salinity in patches at the surface). 

Shikar pur medium surface (10 to 15 cm thick 
cover of silt loam or very fine sandy loam). 

Shikarpur high watertable (water-table within 
75 to 120 c m depth, generally adjacent to the 
irrigation channels) . 

. - - -- - ---. -
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Appendix B 

I 

1.: Mete r eoloq ical data for Mirpurkhas ( 10 years) * 

----·-·-.. - -··-·----· - ....... ~ 

Temperature °C 
~1ont h Max IV1 :i. n Mean 

Jan 24·. 08 10.26 17.17 
; 

Feb 2 .6.80 12.52 19.66 

Mar 3t3.14 16.18 24.66 

Apr 3 0 .70 23.64 31.17 
I 

May L~1. 58 27.35 34.47 

June 40.13 27.93 34.03 

July 3 . L~ . 6 8 2 7.47 31.08 

Aug ·3:5. DO 2 7 ·. 9 0 31 . L~ 5 

Sept 35 .15 24.08 29.S2 

Oct 3's • a 7 20.6::5 28.25 

Nov 3'0. 9 5 15.13 23.04 

Dec 25.87 10.60 18 . 2 L~ 

*Pakistan Metereological Services, _ 
Karachi, Pa kistan •. 

Relative Wind 
Rainfall Humidity Veiocity 

mm % m/s 

2.54 51.7 1.46 

5.08 L~ 7. 4 1.89 

2.54 L~ 8. 3 4.23 

5.08 47.7 6.08 

5.08 64.9 8.33 

10.1S Sl.O 9.15 

101.60 ss-. 2 7.61 

60.96 64.2 4.72 

15.24 64.3 2.34 

- 55.6 1.57 

2.54 51.4 0. 63 

2.54 52.S 0.23 

Ag e of 
bright 
su n sh in e 
hour s 

lJI 

; u 

74 

7 5 

69 

65 

60 

55 

55 

54 

68 

76.5 

7 9 . 5 
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Appendix D 

Facts about Pakistan 

P a~" ist a n is a country located between la t itudes 

23° an d 37 ° north and longitude s 61° an d 7 6° east. 

It is boun d ed by Afghanistan, USSR, China, India, Iran and 

the Arabian Sea. The population of Pakistan is 80 million 

2 and it has an area of 810,000 km • It is divided into 

four provinces, Sind, Punjab, Baluchistan and NWFP. Islamabad 

is the capitol of Pakistan. Karachi is the largest city 

with a population of 4 million and is located by the 

Arabian Sea. 

River Indus is the major river which flows in the 

center of the Country. It has an annual flow of 148 billion 

cubic metres (1 20 million acre feet). A total area of 

50 million acres are cultivat ed each year. Two-thirds of 

this i s irri gated by the water s of the Indu s through a 

net wo r k of over 1.5 million miles of canals and water courses. 

About 6 . 6 8il lio n acres are a ffected by s alinity and water-

loggin g . 

An a~ i d t o semi ari d , su b tro pical continental climate 

is foun d in most of the Country. Two-thirds of the Country 

gets less than 200 mm of precipitation. Most of this minimal 

rain occurs a~ d own p o u r d u r i Jl g _ _J u 1 y , A u_g us t and S e p t em b er • 
- ..;. . -·'·- ~ - . - -:::: : \.... 

- . . 

Temperatures range between 40 - 45°C.~ in the summer, to 

10-15°C. in winter. The northern region, ho wever, receives 

a great deal of snow in the Hima~ayan mountain ranges. 
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The majo r crops grown in Pakistan are wheat , 

cotton, rice, sugarcane, barley, rape and mustard , tobacco, 

maize, gram, se s am e, millet, sorghum, mango, bana na and 

citrus frui ts . 

The languages spoken are Urdu, English, Sind hi, 

Punjabi, Baluchi and Pushto. 
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