IRRIGATION WATER RESOURCES

1 1 |rriga!:ion- | |
" rigation is generally defined a{ "the manual or artificial

lication of water to sc:il for the purpose of supplying moisture
tial for plant growth”) However, in the broader sense, it may
defined as the application of water to the soil for any number of

tbhee tollowing purposes:
To supply the moisture essential for plant growth,

To transport nutrients from soil to the plant,
To provide crop insurance against short duration droughts,

1.

Z

3. .

A To cool the soil and the atmosphere, thereby making more

favorable environment for plant growth.
gL To protect the crop from hazard of frost.
5 To washout or dilute salts in the rootzone of sail,
To soften tillage pan and clods for facilitating seed bed

preparation and planting operation
To encourage plant root development.

12 Importance of Irrigation _ ;
Under arid and semi-arid climatic conditions of Pakistan

. where average annual rainfall is 10-14 inches against a potential
. demand of about 70 inches of water for agriculture, irrigation 1s
considered essential. Increasing pressure of population demands
ncreased crop production. This necessitates multiple cropping and
better use of fertilizers and crop varieties which cannot be practiced

without providing requisite irrigation water.

1.3 Sources of Irrigation Water Yo
Primarily there are three SOUrCes of irrigation water in

Pakistan, namely, surface water (canal water), ground water and

rainfal

1.3.1 Surface Water

The major sources of su
the snowmelts and precipitatio
‘unoff water through streams an

face water in the Indus Basin are

n, over the mountainous regiof}.
d rivers is stored in reservoirs or is

1




The irrigation SYS

dams, main canals

stributaries, minors, , _ .
.Ca,n,al.s' QiR Pakistan IS shown in the map (F|g-1)' ACCOrd"n

to s|’1M| (1995), the total annual flow into the river System of the

ndus Basin is estimated to be 139 maf, out of which

. ' rrigati tem. A significant portion i« 1.,
ted to the canal irrigation, Sys SIQ Nt portion is |og
fh“rloeugh conveyance systéem (canals, distributaries, mingrg ard
watercourses) allowing only 43 maf at field inlet and 31 maf ¢,

use in the field as shown in Fig-2. |
crop About 84 percent of the total annual river flow occur dyring

kharif season and about 16 percent during Rabi Season giving
Rabi:Kharif ratio of 1:5.2. The crop water requirements on the othey
hand occur at the ratio of.3:5 between Rabi and Kharif . Thus there
exists incompatibility between the water availability ang
requirements, which is regulated through managed releases from
dams and reservoirs. Presently, there are 3 major reservoirs ir
Pakistan namely, Tarbela, Mangla and Chashma having-atota
~ capacity of about 16 maf. An estimated annualfiow of 35 maf doe
~not become part of the canal irrigation system and escapes to th
~ sea unused. Out of this, 10 maf are claimed to be required f
. haroor development and fish culture. The remaining 25 maf can |
neficially conserved and stored in proposed storage dams su
alabagh, Bhasha and Dhasu etc. Development of stora
s IS the prime need of the country to overcome the defi




3.2 Groundwater
¢ rhe groundwater has been in use since ancient times.

dwater. which meets about 40 to 50 percent of the irrigation

N & e . il
.:] . Sﬁter reQUlremeﬁtSt*!S obaln d b pummng water-from. grQung
\ (aquifef). Pakistan Is very fortunate to possess a rich source of
y groundwater. According to the Planning Division (1990), about

255 maf are being pumped for use on agricultural lands, for

Wnsumption and ‘industrial uses. Presently, in the Indus
sin, about 500,000 private tubewells and about 2500 public

wbewells including SCARP tubewells are pumping qroundwater to-

supplement surface water supplies. Historically on the average,
apout 10,000 tubewells have been added to the system annually.
to IIMI (1995), the public and private tubewells

According )
contributed about 44 maf at the field outlets, which allowed about

29 maf groundwafé‘r—cﬁﬁtﬁbution for crop use (Fig-2)

1.3.3 Rainfall
The third major source of water Is rainfall, which is neither

sufficient nor reliable. Practically whole of the Pakistan lies in aria
to semi arid zone. The annual rainfall over the Indus Basin varies
from 5 to 14 | in plains and above 20 inches In the northern

areas. 1he rainfall zones can be roughly described as under.

Table 1. Areal distribution of rainfall zones in Pakistan

Percent of land Average annual rainfall

Ralﬁfall Zone

' Y e Less than 10"

(Arid) :
(Semi-arid) %45 ((;g%g))"
(Humid) 3-.5 _ 20"

~__(Para humid, ve wet

-ainfall is estimated to reach the
yse. This makes a total of 69 maf which
yal requirements from all sources.
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Fig. 2 Flow Chart of Indus Basin Irrigation Syste



14 Indus Basin Irrigation System
The total watershed area of the Indus Basin ig 944

square kilometers. Out of this, 16 percent area lies in Pakigty, 4000

remaining area In India, Afghanistan and Tibet. The Indus :\:1: -_
-1

system comprises the Indus river and its tributaries i
Jhelum, Chenab. Ravi _Bias, Kabul, Kurram, Soan Hg

and many small rivers. In addition, many hill torrents such ae DG?
Khan D.l. Khan and Kirther range hill torrents occasionally grgi
nto the Indus Basin water system.

Major component of inflow received by the Indus comes
from Glacier melts and snowfall. The five eastern tributaries |
namely, Jhelum, Chenab, Ravi, Sutlej and Bias are fed py
monsoon rains in addition to glacier and snowmelt. The discharge
d snowmelt and glacier reaches maximum in April to June, while
monsoon rains concentrate during July to September that
‘causes occasional floods in the plains.

The total area of Pakistan is about 196 million acres, out of
| hich cultivated area is estimated to be 26 percent or 21 mha (518
million ac). About 77 percent of the cultivated area (16.2 m ha or 40

.
i e e &

g — P s —

) ls imigated. The Indus river system is the prime source of

) water in Pakistan.
~ The Indus Basin Irrigation System (Fig.1) comprises 3 major
”9 barrages 12 link canals and 48 principal canal systems.
-- capacity of these canals is 22 million heclare
0985 cubic meters per second) through 107000 canal
10L he tota ength of canals and distributaries 1S
On an average, these canals annually
_f actare (104 maf) meters at canal heads.
al C system delivers water throughout the
ly 8.6 million hectares of cultivable aréa.
canals deliver water only during kharif s€ason
5 4 mllhon hectares of land. About 15.2 Mn2
ich is about 48.6 % of culturable land. 18
e waste. This area is not being cultivated due
h the country.
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ion System
f the system as summarized

| water 1O the

Major Distributary: Major

1)

ii) distributaries  (usually called
§ distributaries Of # from branch canals and
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~ Fig. 3 Components of an irrigation system in the Indus Basin Imgatié



_' minor Distributary: '
j N ) take off from major distributarnes and rarely

S
, m'ﬂo;rs These supply water to watercourses f
§ 272> kamogil minor and Thatti minor

g ample. Pt
@00 ries of Niazbeg distributary.

| istr N

] watercourse: A watercourse IS defined as any cha hat
) . o water from a canal or distributary and leads to the farms

{ ~ceive Ty e
ece'ﬁ -/ds. It is operated and managed by the Provincial Irrigation

3”d'é’r'tﬁ~,"§nt (PID) but maintained by the farmers. On the average,
= ~rcourse_commands about 400 acres of land and water is

1 Wat ' Sk TSN RE SV enaisseai - Y
| W rmers according to a rotation called

{ shal€ . .
i,,arabandi”. Each watercourse receives water from canal outlet

— e location and size is approved by the PID. Water flows

§ wno . | | |
Continuously in a watercourse as long as there is water in the minor

| . distributary.

i) Field Channel: Field channels or farmer branches carry
F ,ater to the individual fields from the main watercourse. These are
| onstructed, operated and maintained by the farmers themselves
 dividually or in-groups. Generally, the size of field channels is the
{:ame as that of main watercourse because they have to carry full
{iow received from the main watercourse. |

16 Irrigation System Management

_ The irrigation system in Pakistan is primarily managed and
jooerated by the Provisional Govt. At federal level, however, a
fcparate ministry of water and power exists to administrator
janning and development of water ‘resources through Water and

_ w4 ower_Development Authority (WAPDA). The responsibility of

i?:WLwigmur@s facilities
and link canals lies .

' A ' C ng ang
R £r|tr1 _ aatrilgnmapnagement schemies such as Salinity Control
lefion ara Toare s SCARIPs). These projects after
P sferre ‘-toithePro fisional Irrigation Departments
Feoar on  and maintenance. {T he Provisional lIrrigation

1) _undertakes colnstruction, _operation and

k-
- e ¥

extending  from  barrages
& ., .

e,



3 arabandi System SR _
(\%arabandi (on-farm water distribution system) is a rotationg|

nethod for equitable distribution of the available water supply inan -
rigation channels (main watercourse) by turns fixed accordingto g

oredetermined schedule specifying the day, time and duration of |
supply to each irrigator in proportion to-the size of his land holding

n the outlet command (Singh 1981 and Malhotra 1982).
The primary objectives of Warabandi system are”hign water

use efficiency and equity in water distribution. Higher water use
efficiency is achieved through the imposition of water scarcity on
each farm or share holder's land. The equity in distribution S
attempted through supplying equal share of available water per Uit :
holding among all users. ) '
In watercourse command, Warabandi proceeds fr0

8 gi)stt 't:._The rotation time orce started continues even wher “r“e
“iSributary ceases to deliver ‘water or there is no water in 1€
e . Thus, leach cultiator is entitled to receive 8 enur:

.~ '°d_period of time |(about 16-20 minUE?Elaqret time-

' ~HaY and at g gppecified time including ”‘rgtl accd
Cackia" warabandi. '




' bandi
ixed rotation or pacca warabal |
E”i(se established by the Irrigation Department and provides

h farmer his fixed share of water 10 irrigate his land.

1.7.1

for eac

. B »andi
lexible Rotation or Kacha Waraban LI
f ﬁne this system, a known amount of water is distributed Dy

the farmers among themselves-on.the. basis of area solely on their,

In | mutual agreemen vithout formal invplvem_Q_DLQi_aﬁ_LQ.Ql:LaQ%——r:yé --
0f As long as the farmer group can amicably maﬂn.d._ﬂggljsg_yysyH%?E é_v_gr
Y | fhe distribution theLQWLSWDDQ_HDmeBdJQLQfﬁCW. oo
~“warabandi become__increasingly unpopular amc
)n? - /rf, &' : as'“ C'me air explojtation by the influential
€ farmers. Disputes arising in Kacha warabandi are resolved by the
S | rrigation department administratloq. The Kacha warabandl 1S st_lll N
g operation as the preferred method in southern Punjab and province

of Sindh because this system favours the large land owner in these -
areas. In central Punjab, the majority of the watercourse

commands have pacca warabandi, administered by the Provincial
rrigation Department.

1.7.3 Problems and constraints of Warabandi
The warabandi system has been in operation for about one

hundred years but still there are several unsolved problems
pertaining to the design and operation as summarized below:

, 1) » A major problem is the conveyance loss in the watercourses,
, | which are not accounted for in warabandi system. As the
a5 ~ length of watercourse proceeds. the conveyance loss
continues to increase from head.to tail Consequently, the

Cultivators near the head of watercourse are maximum
gainers and those near the tail are the maximum sufferers.

2+ Share holders receive proportionate running time but not

. DNecessarily a proportionate quantity of water. Practically
- hothing has been done to solve this problem. .

2k The system does not provide flexibility to accommodate

g _arming and crop needs. It is the farmer who as to adjust
£ Tmh§ “fopping pattern and cropped acreage accordingly.

'€ Canal system originally designed for 75
fntens!ty Nas to cater the needs of 100-170




ngs present more _difficultieg &

hold

tém lacks CQIJ_,SJQQ[aIiQr\ > rain_fa|| or
“to deliver the same amount of water-

fime allocation time per acre (ap_prOXimately 12
< not enough to accomplish irrigation of
celd during a given irrigation turn,
~ation to a farmer IS based on the area of the
" farm and does not consider the location of the farm along
the watercourse. Consequently, the water losses oceuring
during the conveyance creates inequity in the system
S

1 74 Recommended Improvements in Wa_rabandi System
Based on the research carried out during the past few decades,

the following improvements in warabandi have been suggested.

» M Equitable water distribution models--should--be used to
develop equitable water allocation among the share holders
at a watercourse command.

1) M he transitional water losses-in the watercol ses should be
assessed to reflect the proportionate time allocation to each
water user, PR TR b

and draining time as influenced by the
improvement/ -lining = activities should be

>

reyaluated and reflected in warabandi schedule.

~~—<JPpEd-area based water charain : d be
replaced by tin -V Ele C m_shouid b
Placed by time-area  based system to remove {ne

JUreaucratic  Boflena L= _
.EfﬁCien T 'O*tt lenks and improve -the- water . W€

T PSGIIU AWV RAra b " S ' h
V head SH-HUICS 10 be consisic
- .I- o I?;ﬁ | r'd',
- .,;II oy F '



farmer's turn. Usually, the rotation of turn for a complete paccat
warabandi is of seven days but it may be 10/, days rotation a

<ome places. By a shift In turn, once a year, usually in April, the

night irrigators become day irrigators and vice versa by rotating the

-oster by 12 hours. | fidt &
After the completion of allocated time of a cultivator, the

<econd cultivator located at some distance downstream requires
some time to fill the empty watercourse. This time is called Filling

Time or “Bharai”. . Thereiore, filling time is added to the second

and subsequent share holders at the rate of 5 minutes per 210 feet.

length of watercourse. _ _ I
When water reaches the last farmer at the tail, he receives

the total quantity of water present in the watercourse, in addition to

his net allocated time. This water being additional supply Is
subtracted from his gross allocated time at the rate of 3 minutes

ver 210 feet length of watercourse. This 1S called Draining Time
or “Nikas”. After the last farmer has taken his turn of irrigation, the

cycle is completed and the turn is shifted to the first farmer at the

head to start a new weekly cycle. :
Filling time is debited to the common pool time of 168 hours

(one week) and credited fo the individual accounts of eacl farmer.
The discount value of cumulative “Bharai” time is the "Nikas" time
which is also credited to the common pool. After considering
allowance for cumulative 'Bharai' and 'Nikas' times, the flow time for

a unit area i.e. the Unit Flow Time (UFT) in hours per acre is given
by the flowing equations: :

8 (hr) - Total fill time (hr)+ Total drain time (hr)

q S AT ’
FT (hr/ac) = — e (1)
Total area (ac)

The Turn Time (TT) for an individual farmer (hours for the land

T = A5 '
T= (UFT x Land holding) + Filling time - Draining time for the farmer | 2
13




[ Filling Time 1S generally zero Iin case of the |agt ¢

ar
for all the farmers except the last o Mer ang

draining time 1s Z€ro v

: hi Irrigation In Pakij
Hill nts And Rod Ko .- istan
1.8 t@%\/ers about 80 million hectares of land out f

~h about 40 % is suitable for agriculture and foregty,

» Zm?vhated land comprise§ _aboyt _.2_9,_2__,“—1—"1—84 of WhiCh 1 .....5...__3__ gnjj;hii

_ rrigated through ‘canal irrigation system while the 'éMaining g
under barani cultivation. Such barani areas receive various degrees
of flood flows called hill torrents emergi fferent hil i

- ' ennial/ non perennial
Thus, a_hill torrent is a erennial/ pere Stfeam_d_eis_@grung
trom 'a hilly area having a very high ratio of normal or minimum fioy
to its peak which is of "very short duration and generally

I e

‘ ' impre‘gn'éié“d'”'ﬁvfﬁh high silggﬂarge.

i

| 1.8.1 Importance of Hill Torrents

Conventional water resources of river flow and groundwater
are being harnessed to support agriculture. However, water supply
from these resources can meet only less than 65 % of the

requirements in irrigated areas. In barani areas the situation is

more grave than irrigated areas. The water available from rains can
meet only one-fifth to one-fourth of the crop requirements. The

. R e N it =

- wajet-exploitable potential source of water in barani areas are hill
torrent flows which offer - great prospects for agricultural
development. If left unmanaged, a large amount of unconserved
flood flows annually result in serious damage to the Crops,
Investock, houses and infrastructure. |
The watershed command for hill torrents in various parts of
the country drain about 55 % of total area. If properly managed and
;.lsed,_hlll torrents can not only cater the agricultural needs of large
racts of barani land, but also help to safeguard the people and

properties. Hamgssing of flows from hill torrents can also play 2
O SocClo-economic development of the areas.

4 1 (! P = - ﬂ - - -
i B - | E 2 )
L ] |.':_ o’ LI ‘i|.- ! ‘l | IJ_ I|. !
1 |-l J 4 " - i 2 .
- & E

OWs from hill torrents are diverted Dy constructi

-
~ N = I
- B "

across the bed of the torrent to store ?“0 :




J after these fields are filled, temporary bunds are breached to allow
| e water to be diverted into the downstream areas to fill another
‘s ot Of fields. This system of diversion continues till the flood flows
- completely exhausted or all the fields are filled. A typical Rod

' f(oni irrigation system is shown in Fig.4

| 8.3 Major Hill Torrent Areas
! There are a number of hill torrents which have been grouped
nto various sub basins as given in Table . Accordingly, various hill
orrent area of Pakistan constitute about 2.34 million hectare of
| .ulturable land and gross water potential of 1.50 million hectare

5 me'ter-

| rable 2. Potential of Hill Torrents in Pakistan

Catchment Area Annual Culturable -
Area 1  Area

Hill Torrent Area

| 2oiochistan Hill Torrents
- Indus Basin 10,200 0.20 0.52
.Makran Coastal area 122,507 0.20 0.12
' -Kharan Desert 122,030 - 0.10 - 0.05
} \WFP Hill Torrents
- Kabul River Basin 15,015 0.20 0.24
-D.].Khan, Bannu
§ and Kohat 25,650 0.10 0.26
-Hazara 2.932 0.10 0.03
§ Sindh Hill Torrents
{ - Khirther Range 16,058 - 0.04 0.16
§ Karachi Area 3,056 0.01 0.01
§ -Sehwan and Petaro Area 13,200 0.07 0.01
' P-U'b Hill Torrents
1 P- thohar Area 19,600 0.10 0.20
{1 V.GKha o - W p. 0.14 - 0.32
27,220 0.24 0.42
493,000 1.50 2.34
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The location of these hill torrents are shown in Fig.4
. n0rmOUS iand as well as water potential exist In most of_ the hill
' t areas. Therefore, management of hill torrents can bring vast
reas under irrigated agriculture which are presently lying
@* wyuated and barren because of unavailability of irrigation water.

Hill Torrent Structures

For harnessing of hill torrents, the following structures may
e constructed 10 suit the local geophysical as well as traditional

| practices, water rights and warabandi etc.
= Dispersion structures
= Diversion structures

= Detention dams
LT WO e

The detention dams are useful for the augmentation of

i groundwater which may be exploited by tubewells. These dams
' may help recharging aquifers of the area for sustained tubewell

' water supplies. Excess water from hill torrents can be stored In
' storage dams during high flood periods. Presently, Manchhar and

Kinihar lakes are serving the purpose of such reservoirs. |
~ Channelization of hill torrents may save enormous quantities

of flows by preventing overspills and seepage losses. Uncontrollea
' hill torrents also bring quite large silt load which tend to reduce the

channel capacity at downstream reaches. Therefore, provision of

{ various structural improvements is necessary for harvesting the

benefits of such flood flows.
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4.4 Sources of irrigation water _—~——"
. ﬁ ‘. 6

There are three sources of irrigation water in Pakistan: SUr-

@_’ ce wateD and ground water

A —>; \Pr_eflpltatlon csguLCQ:Qf/aJl_‘F_élg supplies 1s ath_SDhJiCQWCiQita:
tion: tainfall, dew, mist/fog, hail, and sngw Amongst these, howeyer, rain-

fall is the most important because it contributes substantially to crop water

rcquirements.
The cultivable canal-commanded#rea of the Indus plain and Peshawar

Vale receives 25 jmaf (22.5 cm) rainfall annually (Ahmad and Chaudhry
(1988:3.1). Howcl/cr distribution and intensity of this rainfall is o erratic
that successful crop husbandry is not possible with rainwater alone. There-

fore, surface and ground water are needed to supplement the crop water
requirements on ‘a continuous basis to harvest the/maximum potentlal of

CTrops. WL i

58 M uhammcjd Saeed
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Water diverted to canal irrigation system Water that
[= . , Arablan_jSea

1= 50 maf

1

Total water available at hcad of watercourses

=93 mal_ ]
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:
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Water zwailabl_c at nakka
7} 1 () maf
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- S — — o

Water available for crops | l Field application losses
| = 14 maf

[= 42 mat ] .
| I! i

Figure 4.3 Flow chart of the Indus Basin Irrigation Systcm (Cheema 1982:48).

R— m Surface water 1s mainly d(irived from the ihdus River

system, which is one of the great fresh water resources of the world. The

annual available river flow in Pakistan is 142 maf, of imaf (65%) -

is diverted into the canal irrigation system, and 50 maf (35%) ﬂd)ws into the
Wb 92 maf water diverted to the canalirrigation
system, only 65% 1s availablc at mogha while the remaining 1S Iost through
scepage from canals. -

‘--——_—-__-_“‘_
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CROP WATER REQUIREMENTS AND IRRIGATION SYSTEMS 59

Ground watcr is lifted to the S_'l surface through
@ TL'“_UL‘MM“ s._lls, . alleries land (1v) tubewells

(Alzal 1976:50). luhr.,wull'; are, howwcr the most lm ortant source of
ground irrigation water. Currently, the annt r discharge of tubewells

in_Pakistan isd33 maf\([; 1. 4, 3) | };[
Regardless of the source, 1rr1gdt10n water is prlmal%ly applied to soil,

from where it is absorbed by a pl'mt Thus an understa dlﬂg of soil water
Is essential for applying the desired lwe] of irrigation water to a field.

4.5 Séil water

4.5.1 Classes and availability of soi,l wajer

Water present in the, pore space of soil 15 of three types: hygroscopic, cap-
illary, and gravitational.

Hygroscopic water. Hygroscopic watcr is water that IS attached to soil
particles by loose chemical bonds and does not move by thc action of gravity
or capillary forces. This water 1s not available for plant grc?wth because plant
roots arc unable to extract this water frdm the soil. |

Capillary water. Capillary water 1s soil water in excess of hygroscopic
water which. exists in the pore space of the soil by surface tcnsmn or molecu-
lar attraction against gravitational forces. It is available for plant growth and
development. Soil pore space that capillaly water occuplcj s called capillary
pore space. This determines the amount of water that is retained in the soil
after a rain or irrigation and is available to the plant. ’fhc proportion of
capillary pore space and Lonscquently the amount of cap lllary water varies
with the type of soil, being minimal in coarse, sandy soils and greatest in
clayey soils. However, the water- -holding capacity of a soil can be improved

by various soil management practices llT ¢ addition of organic matter, clay,

or both. | |
Gravntatlonal water. Gravitational water 1s water mI excess of hygro-

e e W SR

scopic and capillary water that percolates through the 501‘ under the action
of gravity if favourable conditions for water drainage are provided. This
water passes down to the ground water table, and hence 1sLnot available for
plant growth if the water table lies very far I:Telow the root zone.

4.5.2 Measuring the availability of soil Water

;
The availability of soil water to plants can ba measured by determining soil

water potential, saturation capacity, fiel d capac:;y perm___gngm_\admn&p&r-
centage, and axmlg_hlt_—ﬂ@.tﬁmﬂnlﬁnL.(Kra er 1983: 68) However, soil water

yotential 1s_the mc 0_plants.

]
| ‘- |

¢
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.
—> \a. Water polcniial.) Watcr 1icmical potential of
water. It depends on the mean free energy per molecule and the concentra-
e —————————— . - 3 . o
lon_ot water molecules. Water always flows from a higher potential to a

iy Bl e, - —

lower potentiai. | ®

S

Soil watcr otential comprisces four components: (.osmntich otential (also

- —— g e g A —

yotential refers to the cl

G e N

{(:Il“__cd solute potentia produced by various solutes i soil water; Imatric ®
(potenfial produced |

eo St was
constituents)feravitational p ialpraduced by gravitationalforces gperat-

capillary and surface forces (water adsorption to soil
’. i

ing on_soil water; and produced by actual hydrostatic

- pressure (Kramer 1983:69). However, the former two components are much

I
: more important in determining soil water potential than the latter two.
>  bXSaturation capacitys This term refers to the amount of water present
in the soil when it is completely saturated with water. It is also called total
_I______________———-—-"—'—-'-—_—'.

apacity_or maximum_moisture-holding capacity. During and immediately
following surface irrigation or heavy rainfall, the soil below the water surface
is nearly saturated. The pore space of the soil is almost completely filled
with water, and there is little air present in saturatcd soil. Since plants, with
the exception of rice, nced air as well as water, some of the water from the
larger pores must leave in a reasonable length of time to prevent damage to
the crop. If the soil is well-drained, part of the water will move ddwnwgrd
by gravity and, to a limited extent, laterally by capillarity. The water moving
downward by the force of gravity is called gravitational water or free water.
— ic. 'l“lwwll af}cr tlra_ma%c
of saturated soil by gravitational force is called the field capaﬂcxtiflwf a soil.

Ficld capacity is also called field carrying capacity, normal moisture capaci-
ty, and capillary capacity (Kramer (1983:70). At ficld capacity, cach so1l
particle 1s completely surrounded with a relatively thick film of water. Soil

water content at ficld capacity can be determined by using the formula:

Ficld capacity = Saturation capacity — Gravitational water _ (4.3)

_— e
Soil water reaches ficld capacity several days after soil saturation, the speci-
fic time varying with the soil type. Sandy and deep soils reach field capacity
in a much shorter time than claycy and shallow soils. The presence of hard-
pan/plough pan or high water table prolongs the time required to reach field

-

capacity. | ey |
e T Permanent wilting percentage. JThe soil wateijcontent at which plants
can no longer extractsullicicnt water from the soil for their growth is called
pcrmancntwilting pereentage. It sulficient water is not available t@ the ylant
to meet its requirements, the plant will wilt crﬁianchtly and will not rccover
cven when placed in a saturated atmosphere. By contrast, soil water content
at which plants wilt during the hot win y part of the day‘(aUnmn and
afternoon) but regain turgidity during the cooler part of the day/(dawn and
carly morning hours) is called temporary wilting itage.

- ““m m

&
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i

4.6 Quality of irrigation water
-y | ;;
1 The water of rivers in Pakistan, like all rivers of t\lc world, contains soluble
salts. the content of which ranges between 200 apd 250 ppm (Ahmad and 4
Chaudhry 1988). This concentration increases as the water approaches the
delta. Total soluble salt content varies for cach riycr because of differences ;:
in catchment arcas and sources of water supply, a 1d with the scason. More-
over, with the rapid, unplanned i:xpansion of industry, risk of both surf:utc
and ground water pollution has greatly incrcnscdjlwcuusc little attention 18 |
being paid to the proper disposal of industrial ¢hemicals. Many of these E
chemicals, hecavy metals, cte. may be injurious for })()th plant and soil health. |
Determination of the quality of irrigation water|is essential, theretore, in |
order to ensure good quality waitcr to crops and obtain maximum yields as |
well as to avoid the risks of soil salinization and sodification.
Regardless of the source q‘f irrigation water, some solu}alc salts are {
always dissolved in it. However, the nature and t%[uantity of dissolved salts ‘
depend on the source of water al?d its course before use. AQ]QWLIJJIC
constituents, calci magnesium, sodium, chloride, sulphate, b “lrbonfltc, |
-nd boron are of immense importance in determining the quality € _1rriga- ;}
tion water and its suitability for irrigation purposes. lons of selenium, molyb- . *:{
denum, and fluorine, if absorbed by plants in-cxgﬁssive amounts, may prove
harmful to animals which eat them. Other factors including the structure and
texture of soil, soil drainage, depth of the water t}lblc, presence of hardpan

!
‘ i
. '|
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respects, thi _ i e el ol
,L“ pltlS.‘th-lS appears to be a good approach to irrigation timing; but unfor-
‘unately it 1s too complex for everyday use on a farm. y :

Among the early visual indicators of watcr stresd ate changes in leaf

colour, change 1n the angle of leaves, and rolling of leaf blades. If plants
" I

show such visual symptoms early in the mornin , the sail we | 1S
beginning to retard plant growth. Som M&Mﬂjﬁed'
Successtully as indicatorsofthe need for irrigation. Currently, however, there
IS no best method of irrigation scheduling, and the choice of method de-
pends on expericnce and the information available to the manager.

4.8 lrrigation efficiency ...'.

4

rrigation efficiency)is a term used to indicate how efficiently-the-ava ilablc

water supply is being used for crop production. Unfortunately, the efficiency
OF our irrigation systems is very low. About 35% of the canal water supplied
from di\*uirsion headworks is lost in main and branch canals, while losses
during the dehivery of canal water from mogha to nakka (Ei%ld head) amount
to about 24% (7 .vle 4.4). Thus, about 59% of the irrigation water supplied
from diverz.on headworks 1s lost before it reaches the fields for irrigation.
Similarly, 13% of the tubewell water is lost in watercourses and ficld water
channels. The total irrigation water (canal water + tubewell water) available
at the nakka 1s 56 maf (Fig. 4.3), of which 25% is lost during rield applica-
tion due to surface evaporation, surface runoff, deep percolation, and un-
cven distribution over the field. Thus, it 1s evident that thciamount of water
clfectively utilized by the crops in the form of evapotranspiration or con-
sumption is less than 20% of the total water released from diversion head-
works or discharged by tubewells.

stem of Pakistam

Table 4.4 \Water losses in cans 1ti0n
Water {
Source L losses (%) Factor Al
Canal head to outlet 35 Seepa%'e/percolation, cvaporation
Watercourses delivery 24 ~ Seepage, overflow, evaporation
. .. i : | ;i
Field application 25 . Unlevelled field and over irrigation

Source: Data derived from publicali af Govcmfncnt of Punjab, Agriculture Department,
Dircctorate of Agricultural Information. Er Y -

ro |

The huge loss of irrigation water in iPakistan can beiéreduced only by

ASdrae W e

adopting appropriate off-farm and-en-farm water management practices that

ensure the cfficient and economical use of irrigation water. The principal




I 4

6H2 Muhammad Saced

|

| - WO« N Iso
of lime or clay, type of crop grown, and climatic conditions are als
' or agriculture.

G'ali soluble

tant in determining the suitability of irrigation water f

Factors that influence quality of irrigation water arc.

(salt concentratiops(TSS) as measured b electrical ’conduct_lvlty; (i, |

proportion of cations as expressed by the sodium adsorption 1

and (i) bicarbonate and boron content. CaCO; content Il -
and NO; ™ ions in the water also indircctly “affect the suitabl

mc criteria presented in Table 4.3 are intcrhationally recogn.[lzed for
judging water quality (Afzal 1976). ; | )

Table 4.3

Type of TSS SAR Residual sodium f

water (ppm) (ppm) carbonate (ppm) Use for irrigation

Very <1000 <10  Negligible Suitablc for all crops and

good all soils. ;

Good  1000-2000 <10 <5  Acceptable for permeable
soils and hardy crdps.

Poor 1000-2000 10-15 5 (approx.) When used on ordinary

soils, will bring about
deterioration of topsoil
except in the case of
sandy and gypsiferous
soils. Wy

Bad >2000 10-15 5 (approx.) ot suitable for use in
agriculture.

i!
Source: Afzal (1976:60). | !-’

4.7 Irrigation scheduling

T S g ——

Irrigation schedulingrefers to the number of irrigations for a cropjand their
timing. Assuming that water is available, the mast important prob em 1S to
de

termine when and how much to apply. This de ends on several factors
including type of crop, its stage of dCvelopment, extent of thetogt s stem,
rate of evapotranspiration. a A anspiration, and the water-holding capacity of the soil.

There are three common approaches to the problem of determining

when to irrigate. They are based on measurement of soil moisture, estimates
of water usage from climatic data, and measurement of plant w

However, the watcr-stress approach for scheduling ojf irrigationj§,pr0babiy

L

most useful, as it is based on the plant’s water status itsclf. Plants;Fhould be

the best indicators of the need for irrigation because they integrate the soil
and atmospheric factors controlling the plant watcr balance.|In many

| 4
| ll
.’ !

j!
|
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: ]
tactors that affect irrigation efficiency are: design of the irriga{ion systcm,
‘dc‘grccf of land preparation, and the skill and care of the irrigator. Loss of
Irngation water occurs in the conveyance and distribution systém and be-
cause of non-uniform distribution of water over the field, pcrcollation below
the crop root zone, and sprinkler irrigation evaporation from the spray and
retention of water on the foliage. In large fields, loss may occur by runoff
at the end of irrigation borders and furrows. Losses can be hlinimizcd by
adequate planning of the irrigation system, proper design of the irrigation
method, adequate land preparation, and efficient operation ofjthe system.
Since Pakistan’s irrigation systems are very inefficient, imprpvement can

occur only by the concerted efforts of both engincers and agr{ulturists.
ECrop water use efficiency. Water use efficiency is the ratiofEf crop yield

L -

(Y) to the amount of water depleted hy the crop in the-procgss-of evapo-
sanaaton TRY). ~ T , b
Water use efficicncy = Y/ET l (4.4)

Water use efficiency is influenced by (1) on-farm watercourse i"mprovcmcnt
and (2) crop and soil management practices. Crop yield can be changed
appreciably by these management practices. However, it is very difficult to
significantly alter evapotranspiration because it largely depends on the
temperature of the physical enviropment and the availability of water. Thus,
practical water use efficiency can be increased only by adopting various crop
and soil man}igcmcnt practices. | ’

| |

|
4.8.1 Improvement of on-farm watercourses ,
il {1 -
A large part (24%) of irrigation wateris-lost from watercourses during deliv-
ery as a result of s ge, overflow, and evaporation. It 1s therefore neces-
sary to improve watercourses to mimmimize these losses and ¢nhance water

availability to the crop. The impact cvaluatiop studies of the On-Farm Water
Management Training Institute in Lahore 1nd the Punjab Economics Re-

search Institute, Lahore indicate numerous advantages q watercoursc

improvement (Table 4.5). / i f

Y

Table 4.5 Assessment of the benefits of on-!farrnswatercourw improvement

Magqitude of bene-

Type of benefit v SR 4 _:l. fit (%)
Increase in water delivery efficiency 3 1 30
Water saving to irrigate an area (reduction in loss) d 24
Increase in cropped area it A 1 7.5
Increase in cropping intensity e E 14
Increase in crop yields - | 14
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- measurement prevents poor Crop growth resulting from msufﬁ
water application and also reduces chances of waterloggif
problems as a result of over-irrigation. Therefore
measurement forms an Important component of irrigafig
scheduling. f¢

~ Limited availability of surface water and increased cost

groundwater development require that water be used econom o4

and efﬁmently Water measurement is also important component

evaluation of existing irrigation systems and deS|gnlng
projects. Accuracy of water measurement is, therefore, of

;';';Zr';ance In the design and operation of any water

2.2

Units of Water Measuce
m
Water can be i

'es, is expressed in th{;
€) such as gallons per minutes
- —klsSecong and CUbI
' in water meas

rrr




-~ ['Cu met | Cu feet i
Cu feet - 350%%21
2. C _Sq inches 01658 . o .
actare A 2417 T
+ sabIMBanm . .. 13.199
il isec . 0 0353 LR
R Pibsec T 0.7376
Tl :ll;_ 5 0.00134 i
. 134 L 5

| 1 Volume Units
4 VVolume can be measured in a number of units but the

only used in the field are defined as follows

SN
-----
|

Hectare-meter: A volume required to cover an area of one
are (10,000 m?) to.a depth of one meter.
1 hectare-meter = 10,000 m*x 1 m= 10 OQ,.,ID\?’

Acre-foot: A volume required to cover an area of one acre 10

Lﬂth of one foot.
~ 1 Acre-foot = 43560 ft2 x 1 ft = 43560 ft°

Acre-mch A volume required to cover an area of one acre to

aef h of one inch.
One Acre Inch = 43560 ft2 x 1/12 ft = 3630 1t°
I the water flowing at a rate of one

Second Feet Day (SFD) |f
' llected for 24 hours. the volume of

! e one SFD.
& 1 SFD = 1 ft3/sec X 24 X 3600 sec = 86400 ft°

t!
. wf

o 8 ._*-

- Flc Rate or Discharge Units
| 5 rate or discharge can be

ime. There are many units o

. ones are given below:

measured in terms of volume
¢ measuring discharge, but the

tar ner second: If a volume of ON€ ||ter of water is passing
tion in one second, the discharge IS

_ ec. commonly abbreviated as 1pS.—




x
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Cubic feet per second (Cusec): If one cubic foot volume of
water is passing though a cross section of channel in one second.
‘the discharge is called one cubic foot per second’(1 ft/sec) or one

cusec.

Cubic meter per second (Cumec): If one cubic meter volume
of water is passing through a cross section of channel in one
second. the discharge will be one cubic meter per second (1m° /S)

"Oor one cumec.

2.3 Methods of Water Measurement
Several methods are available for measuring irrigation

water. They can be grouped into four categories:

T. Volumetric method
2. Velocity-area method .
3. Measuring devices (orifices, weirs, flumes etc.)

2.3.1 Volumetric Method
A simple method of measuring small irrigation streams is to

collect the flow in a reservoir of known volume for a measured
period of time. The time required to fill the container is recorded

with a stopwatch. The rate of flow is measured as:

Volume of reservoir (liters)

Discharge (liters/sec) =  ----- e 3)
' Time required to fill (sec)

\Volumetric method is the most accurate one and can_ be
used in hydraulic laboratories for calibrating other devices and
instruments used for measuring flow rate.

2.3.2 Velocity-Area Methods
The rate of flow passing through a section of a pipe or Ope

channel is determined by multiplying the cross sectional afe2 of the

ection at right angle fo the direction of flow by the average

er Meth ods to measure cross section al area and
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3.2.1 Measurement of Cross Sectional Area

2 .

| An open channel conveying water may have regular or an
irregula"'y shaped_cross_ section. Regular cross sections having
fixed shape and dimension are generally found in lined channels

where as unlined channels have irregular sections, which are
.vnosed to erosive forces.

e _
) ) The most commonly used regular

.cross-sections are rectangular, triangular and trapezoidal as
shown in FIg.5. |

Rectangular Triangular Trapezoidal

Fig.5 Regular channel cross sectional shapes

i b = bottom width of the cross-section
d = flow depth of the cross-section

Horizontal
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; ‘i*i;f:tc':ross sectional area as detailed below:

~ Rectangular A = bd (4)
- Triangular A =zd? ' (g)
. Trapezoidal A = bd + zd? (©)
Orreoular cross-section” There is no fixed bottom width, flow
enth and side slope-in irregular cross-sections. The cross-
sectional area in this case is estimated as under.
21
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Fig.6 Irregular Cross section of a channel

Table 3. Cross sectional area specification
Subsection Top width Average depth

Area
~(Width X Depth)

(0+d)2  A,=(b,Xd1))/2
d,+d,)/2 A =b, (d.+d.)/2 |

1 b

2 b ,

3 b d,+d.)/2 A, = b, (d,+d.)/2
4 b

< b

d.+d,)/2 A, = b, (d,+d,)/2
d,+0)/2 Ac: = b (d,+0)/2

Total cross—sectional area (A) = A +A,+A+A A,

The area of an irregular cross section can also be estimated
by plotting the dimensions of ‘b’ and ‘d’ in each sub section to
some predetermined scale on a graph paper. Count the numbet
of small squares or divisions and multiply with the area representec

by each small division to find the area of a cross section.

2 Measurement of Average Velocity
- Iwo procedures used to measure velocity under velocity
method include float method and current meter metho

] on the of open channel as explained below:




Ak _ greater than the average
' yelocity of the stream, It Is necessary to correct the measurement

/ piCurrent Meter Methodj The velocity of water in a stream or river
§ may be measured directly with a current meter (Fig.7). Current
eters of two general types are USEd@CM[)_e_MM@Lﬂ&s
4 (i) Propeller type with horizontal axis. The cup meter is more
tive to disturbances. The propeller meters have been used for

| higher ranges of velocities, (20-30 m/s) than the cup meters (10-15__
fts). For field observation, the cup meter has generally been found
superior where as for pipe measurement and laboratory
O _____ ions, the propeller meter has been found to be more
Useful. The discharge is estimated by multiplying the mean velocity
Ofwater by the area of cross-section of the stream.

: 0 type current meter is a small instrument containing

- L e M N N S Tt i

"&volvi eel carrying a set of vanes that is rotated by the

-
S i

Tof water (water currents), I s_of two types (3) Price
elerf(B) Pygmy Current Meter. Both types have similar

..lII L= L — l.
5 #

of wheel. The pygmy wheel is 2 inches In

_"."ﬂ-.q.mﬂ-"'"‘- "

 with 5 inches diameter wheel in price meter.
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@ \Wﬂhﬂb el
(2) AWC

¢® Electric circuit for signaling the number of revolutions by
sounding clicks.

€6 R ading base in case of rqd.

Fig. 7 Current Meter

How to Use Current Meter

~The instrument may be suspended by a cable for
measurements in deep streams or attached to a rod for
St :rement In shallow streams. The number of revolutions of the
m ac gtven time interval is obtained and the corresponding
o 5 eckoned from a calibration table or graph of the




gtructures giving convenient access to the stream. The channel at

he measuring section should be straight, with a fairly regular cross-
. When the mean velocity of a stream is determined with a

yrrent meter. the cross-section of flow channel is divi |
gumber of sub-areas as shown in fig.5. Separ'ea|’téS n?g;iicriemteomas
are made for each sub-area. The width of sub-areas may vary from
1to 6 M, depending on the size of the stream and the precision
desired. Not more than 10% discharge should occur in one section.
it has been found that the average of readings taken at 0.2 and 0.8
m of the depth below the surface of water is an accurate estimate
of the mean velocity in a vertical plane. For sub-areas at the ends
of Cross section such as (1) and (5) in Fig.5, only one
measurement of velocity at 0.6 of depth is sufficient. The discharge
o b-area is measured by multiplying the cross-sectional
area and velocity of each sub-area. The total discharge is obtained

by summing over the discharges of all sub-areas for the given

channel Cross section.
The average velocity In streams not over 1.5 feet in depth, Is

ot about 0.6 of the depth from the surface. In streams over 1.5 feet
in depth, the average. velocity is represented by the average of
velocities at 0.2 and 0.8 of depth. (Israelsen and Hansen 1990).
Another method of the determining average velocity in a stream Is

. -

&

withi depth, each depth wil influence
lutions differently in a given period of time.



2.3.2:3 Measurement of Discharge

Discharge (Q) = Area X velocity
or Q = AXYV |
Q = discharge rate, m3/sec (7

A = area of cross-section, m?2
V = velocity of flow, m/sec

2.3.3 Flow Measuring Devices

In farm irrigation practices, the most commonly
for measuring water are flow meters (for pipe flow)
weirs and flumes for open channel flow. The choice
measuring devices ‘depends on the expected flow ra
head and specific site conditions. Some of these de

procedure of measuring discharge are described below

useda deVlCeS
and Orlflces
among these
tes, avallable
V|ces and the

2.3.3.1 Orifices
An orifice 1s an opening, usually round or rectangular in 3

plate or bulk head the top of whlchww the upstream

water level and through which water flows. It may be ysged for

e ﬂmﬂ-ﬂh—w

measuring flow from a reservoir or through a pipe. M
feature of onifice Tlow Is that mostot the potential-energy-of water i

converted into kinetic energy of the fre let 1ssued through the
orifice. Orifices -may operate under free flow or submerged flow
conditions. Under free flow condltlons the flow from orifice
s —

discharges entirely into air. U submerged 1 conditions, the_

downstream water level is above the crest of orifice. The loss of
iead as water flows through a submerged Orifice is the difference
in elevation of water surfaces upstream and downstream.

The discharge (Q) through an orifice can be measured as:
Q=AV '*

where: |
A = Cross sectional area of the orifice
V = Velocity of water through the orifice

: i

The velocity (V) can be measured by the equation:

.ﬁad of water from the center of the orifice -
4 Accele rat;gn due to gl' avnty 9 81 m/s

. ',I* l. |- ;._'.- J
.- . e : "
p '.' < '.,.,-u ) .* . ‘ e !l' } ]
e ey A i ¥
T - - . . .
3 i -:_ _lI- l|'_Ilrilr.:h"-"rl':|It .Hll:.r sl | .



- Fig.9 Cross sections of orifice

‘r an orifice the theoretica

| discharge may be

1 ] (9)
frlctlonal resistance of orifice. the actual

theoretical velocity.
t. the actual arex ( Aa\ S |




	IMG_1268
	IMG_1269
	IMG_1270
	IMG_1271
	IMG_1272
	IMG_1273
	IMG_1274
	IMG_1276
	IMG_1278
	IMG_1279
	IMG_1280
	IMG_1281
	IMG_1282
	IMG_1283
	IMG_1284
	IMG_1285
	IMG_1268
	IMG_1269
	IMG_1270
	IMG_1271
	IMG_1272
	IMG_1273
	IMG_1274
	IMG_1275
	IMG_1276
	IMG_1278

