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In arcas where wind velocitics exceed 25 to 30 km k! during the period when irrigation

water 1s being applied, operational difficulties may arise if the wind dircction is oppostic to the
dircction of water flow in the basin. Since wind crosion is also usually

. | o _ P a problem 1n such areas,
the basin Tength should be normal to the prevailing wind direction if practical. If the topography

of the ficld 1s such that the basin length 1s parallel to the prevailing wind dircction. the water
shouid be applied at the up-wind cnd of the basin.

_.. "vHT"'mw‘#-."'

Designing sprinkler and drip 1rrigation systems to deliver water in the amounts and rates

required by a farm irrigation plan is an engincering job. A number of books arc available for
detatled mformation on these two systcms of 1rrigation.

9.8 QUALITY OF IRRIGATION WATER

Irrespective of its source, all urigation water contains dissolved salts. the tvoe and quanftity

ol _ahich ¢ i.Qn | s lgin_and 0 oclore use.  Use of poor quality irrigation water
has adverse cffc L_soil,_nutrient atailabilit 0p—growih_and soil microotganisms.

. g e T

" . . . . -M
permeadilty and hence low infiltration of water to the root zonc. Soil crusting and

| S A
waltcrlogging reduce oxygen supply to the root system,

ion of talciuml reduces ﬂlcuPLi‘«Lc_QLpQLas_mby% the plant. High

agnesiund induces calcium deticiency. High sulphatclcontent reduces

increase sodium uptake icading to sodium toxicity,

v ke . S At) . . - At :
KB e Soil salinity _affecis_cell division, cell cldfigation and protein sﬁlh%ms, k
(9@ [iXCCSSIVE S salt concentration in the root zone restrict plant water uptake icading
to physiclogical drought,
ST "v

o s \
. ) : - ; ‘ l \ V . - . . .
@“ Hhigh content of boron, chloride, scdium, sulphaie and bicarbonatle in irrigation water
' causc toxicity {o the plant leading to poor growth and yield,

(D @ \thigh sodium Yontent in irrigation water causes deflocculation of soil lecading to rcduced

e

concentrat]
uptakc of calcium and

S

D o Bactena associated with conversion of unavailable forms of nutrients toavailable forms
are sensitive to hagh salt  concentration, and

(ﬁje Soils with lugh cexchangeablesodium become hard on drying and difficuit to work for

obtaining good ulth.

9.8.1 MAJOR CONSTITUENTS OF IRRIGATION WATER ?'

All munor clements arc not found in every source of irrigation water.  They appear
sporadicaliy, smply or i groups, in_different water _sourccs.&Brominez fluorinc and iodine may  §
he lound when chilonde 1s present. %Os_ﬁwnummwld 1
0 2 _ppwaedime={rrigation water may also contain Li, Ry, Cs, Sr, Ba, Ra, ctc—Dug fo the minutc

T e s Wi -l..ﬂl.—_—ﬂ-““h

quantitics of these clements, they mostly have no influence on m1ily.®3lhcr minor
clements which may appear are SMML%___“M\’MM bisinuth group and different {
metals as CuCo, N1 7n_Ti. Vi, Cr and Mo. ' o
A nucro clement found in most 1 igation walcr at low conceniralion is_____b_grc}n_@hc Highcst
boron_concentration in the world in flowing water (1.3 0 1.9 pom) occurs in Japan. Baroan 1s
cssential tor plant—grawth.  However, it 1s harmful only slightly in cxcess of optimum and (

particularly to citrus_and walnut and 1s toxic to most crops ai concentrations only six or cight
o e —

S A [—— e Pole g & o
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imes the optimum.  Sclenium, molybdenum and fluorine found in some soils and 1rr1ga_t101}
waters arc absorbed by plants without apparent damage. However, they arec harmful to anima

lifc at a rclatively low critical level. Animals may obtain thesc clements from watcer or from
fceds and lorage.

9.8.2 WATER ANALYSIS

| ! - 30
The analysis ol irrigation water must include the total sd content, pH, anion and cation
i e

composition_and content of minof clements of particular 1 'rtancc (0 thc crop involved
(USSL 194k

.
:

@asuring the specific clectrical
conductivily texpressed in- micromh n-! at 25°C) or by wélht, the total salt content 1s then

cxpressed in o me 1! b
Cations :¥The cations gencrally determingd are Ca*™, Mg%?{“", Na*™ and K* and occasionally
o o4 B b 4 JBt e ——— . . 2
also Cu'", Fe' and Li* , Ca™ Plus Mgtt can&%c detéermined by titration with diffcrent complex

Or anic conuzgundi_LEDJA_o_LCDlA,)Tﬁsing Eriochrome Black T or calmagitc indicatog®lhen
2" Jaloneal

s_dctermined by using ammonium perpurate indicator. T@ 1s_obtaincd by
Jqu traction. = llcwmml}c—d@mm . y ) . 1 DNOLOIN 52k lh.
qm may be obtained by the uranyl zin iic_mcthod, by using the flame photometer mcthod
or by the sodium clectrode cthod.'s determined by the sodium_cot 1r] icthod or
with the flame photomete 1@ is oblained by the dithiazone carbonate methode*?) by the
(crrous sulphaic zinc soda method ™ ndb lon exchange or flame spectro-photometer methods.

. . . ' .
| Anions : l’l@ anione generally determined are CO53~ , HCO3—,.SO4~ -, Cl- and NO5~ and
in speeral cases F-.4 7 and ‘ arc_obtaincd by titration with H,SO,4 or HCI, using
phenolphthalein_and mcthyl orange indictors @ by precipitation as barium_sulphatc or by
Vg ,.-. .

cation exchangcy @ by silver nitrate or i titrati tentiometrically using
; | - . - w - ™ . -__“-.“_ - S — :
a silver chlonide ¢ cclrodc.@Por micro-deterpunation of chloride. a calo ncthod using

diphenyl carbazonce 1s reegmmended. "Jm 1s_dctermined by the sulphanilic acid alpha

¢
g
/

N : = : . : ——————
naphthvlamine mcthod, an b}f the acid-zirconium alizarin mcthod ¢ pectro-photometrically
aller prior scparation of {ludrinc by ani change.

Minor clements | Boron and silica i the.irrigation water arc also determined occasionally

) 1s_usually oblained by the mannitol titration method by cari lorimetric procedure or
by clectro-titrumetrics 1S ¢ d by the molybdenum-blue procedurc.

9.8.3 SUITABILITY OF WATER FOR IRRIGATION

Five factors must be taken into consideration before the suitability for irrigation of a w

ol a given total salt content 1s determined.  The interaction of these five factors constitut
water classification. |

atcr
€S a

® e Chcmical wat ion,
) o Crop to be urnigated,

@ e DSoils to_be irngated,
@ e Chmatc, and
Aimate, and

\Do Management of irrigation and drainage.

Chemical composition of irrigation water

Quality of the water is determi
valt content and by its 1onic composition. Total s 0

alt content (expressed in g |-

y the total

-me I"1, ppm) or
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the electrical conductivity may give a !:,b“cml indication of the water’s quallly Also important
'« the determination of the main cations and anions usually expressed in me 1-1, as several ion ratios
influcnce waltcer SUIIIlbllll). UI’ldCI' ccrlam COIldlllunS th PIrCSCnce Of mlcro clements must bec

taken into account.

Crop is the first and most important factor to be considered. Evaluation of a water
must DC basc : |

d on the tolerance of a spectlic crop Or crops 1n the rotation to the total salt content
or spccific 1on concentration. Tolerance of a crop to salinity is that concentration of the soil
solution that will give a certain reduction in yield as compared to non-saline conditions. In the
USA. the 50 per cent vicld decrement 1s taken as the tolerance limit for ficld and forage crops.
In Holland and in Algeria, the 25 and 20 per cent decrement 1s taken. The American 50 per
cent deerement is taken for the salinity mcasurcd at the bottom of the root zone, whereas In
Holland the salinity of the top layer is taken as the critcrion. Some crops arc specifically
scnsitive to chloride and sodium ion concentration. The most important of these crops arc the

dceciduous trees. citrus and avocado.

i Soils k Behaviour of a soil in contact with salinc water depends on the initial physical
-operties and salt content. Clay content of the soil affects the 1on adsorption capacity which

m turn influences the hydrophysical propertics. Furthermore, presence of an impermeable laycer
or of a groundwater tablc affccts the salt distribution 1n the profile.

[nitial chcmical composition of the soil influences the exchange processes during the
watcr-soil contact. Application of saline water to a salt {ree soil will salinise the soil, but the
usc of this same quality of watcr may reduce the salinity of a saline soil if drainage 1s adequate.
As nfiltration and percolation of water may differ greatly for different soils, different degrecs
of qahmsahon may be cxpected with the same quantity and quallty of irrigation watecr.

,.-n-ﬂl.ll.r\-l""

Clmmt Evapotranspiration and rainfall arc the two main climatic clements to be
COI1S

B R L a e

idered w lu,n CV aTualmg, suitability of water for irrigation. Water depth to be applied to a
crop during a scason depends on the cvapotranspiration which, therefore, affccts the irrigation
rceime and conscquently the scasonal dynamics of salts in the soil profile. Amount and distribution

of rainfall 1s the sccond factor of the chimate to be paid attention. A given-ameunt-of rainfall
distributed uniformly over the growing scason will dilute the soil solution, but will not bring

‘-‘r._-.-r“

about a lcaching ol thic profilc as thc samc amount of rain fallmg during a shorter time

would do.
.-—""""'_‘—-'

e ——— e, W

wmg_t_of irrigation anw‘g@;&gc\k Irrigation method influences the salt

accumulation m the soil and 1n the plant. Application of amounts of water less than the
consumptive usc will result in accumulation of salts in the main root zone. Increasing the
apphicatton will lecach the salts out of the root zone and an cquilibrium can be reached between
the salt contents of the water and ol the soil.  Lack of proper drainage in an arca with a high
watcer table will result m capillary risc of groundwater, increasing the soil salinity. Relatively
salme walter applied in furrows on a permeable soil will have no harmful effect on plant growth,
while the same quality of water applied by sprinkling might cause reduced yiclds.

9.8.4 EVALUATION OF IRRIGATION WATER

The hazards to be considered when evaluating suitability of water for irrigation purposcs

are sabinity. sodium, carbonate alkalisation. chlor
» sodium, carbonaic : lor}gc and boron.
!"‘-—-_—' .
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In the USSAR the cvaluation is made as follows:

Salt content E valuation
(g )
V.2 to 0.5 Water of thc best quality.
L 1o 2 Water causing salinity and alkalmity hazard.
3 to 7 Water could be used for irrigation only with

o

1-/ SALINITY HAZAF{D

\
)

lcaching and perfect dramage.

1:.
Y
£

fﬂleléZlandrar d sct up by the US Salinity Laboratory ar

e
a5
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TABLE 9.33 US SALINITY LABORATORY'S Gnoupl_ OF IRRIGATION WATER

Classification of water conductivity in SaM concen-1
tration in g I

(approximate)

Electrit

C1 ‘;c;%v__/mm can be used for irrigation
most crops on most soils, with little
likelihood that a salinity problem will develop.
Some leaching is required, but this occurs

under normal irrigation practices, except in
solls of extremely low permeability.

C2 Medium_salinity-ater can be used if a 250<EC <750

moderate amount of leaching occurs. Plants (0.25 - 0.75 dS m™)

with moderate salt tolerance can be grown in
most instances without special practices for
salinity control.

C3 High salinit ter cannot be used on soils 750<EC =< 2250
with restricted drainage. Even with adequate (0.7 - 2.5 dS m™)

drainage, special management for salinity
control may be required and plants with
good salt tolerance should be selected.

C4 Very high_salinity water is not suitable for 2250<EC = 5000
irrigation under ordinary conditions but may (2.5:2,6.0 dS m™)

e

be used occasionally under very special
circumstances. The soils must be permeable,
drainage must be adequate, irrigation water
must be applied in excess to provide
considerable leaching and very salt tolerant

crops should be selected.

SODIUM HAZARD

Duc to its cffect on the soil and plant, sodium 1s considered to be one of the major {actors
poverning water quality.  Scveral methods were proposed for expressing the.sodium hazard.

Previously, -water quality was defined on the basis of its sodium percentage alone. The solublc
sl cntagce (SSP) may be calculated by the formula: e

C‘ soluble sodium concentration (me 171
SSP - e ('
\;

R

total solublc cation concentration (me 17
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Sodium hazard of the irrigation watcr can also be cvaluated through the sodium adsorption—
ratio (SAR), dcfined as the ratio (or soil cxtracts and irrigation waters used to €Xpress.
" | ' "';‘ \1C3++ = Mgri*+
SAR - | )
=

The ionic concentration arc cxpressed in me -1, As indicated in Fig. 8.10, an cmpirical

'_,,-._;nat—'ﬁu-hﬂl--r-r"

rclation has been drawn up between SAR and ESP.

The classification of water according to the SAR 1s also related to the water’s clectrical
conductivity (and thercfore its salt concentration).  Four groups arc indicated: low, medium,

high and very high clectrical conductivity. For EC = 100 micromhos cm-!, the dividing points
are at the SAR values, 6, 10 and 138 (Fig 9.14).

32
S4 S3
28 [VETY high sodium high sodium
water water
24 |-
w20
o | 52
£ | medium sodium
S 12| water
"g
. Bl S1
low sodium
nl water
i S| e [ L R
0 1 5 LY. 15 20 25.30:85

Fig 9.14 Sodium diagram (FAC/UNESCO 1973).
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_ BICARBONATE HAZARD |

:-"'IH""-.-_,-.&. e 3 -#

The bicarbonate anion is important in irrigation water as regards precipitation of calciun<gp
.nd to a lesser degree, also of magnesium 1 the soil. This brings about a change in the SSP
in the irrigation water and, (hercfore, an incrcasc of the sodium hazard. The term residual

sodium carbonatc (RSC)/}}jle---i-l-\-l—F@dU.CC\d.
£ RSC (me 1-1)j (CO4~ - + HCO;) - (Ca™ + Mg™)

L T
L]

‘@RON HAZARD)

- 'ﬁ.ﬂ-.—..ﬂi-q“-_-'.‘.,.'.-

iy

'uk\.&*—“
P
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Relative tolerance of crops to boron is given 1 Table 9.34 Boron content shown at the
lop of a column may bc cxpected to cause some injury to the more tolerant crops and scrious
I uj};m#dm.mom_sg,u_swm[w. The crops at the top of the column semitolerant
would be injurcd morc scverely.  Probably all the crops listed in the first column could be
rrigated with water containing 2.0 ppm boron without scrious | 12_jury

= on_wi
Central Soil Salinity Rescarch Institute (CSSRI), Karnal classified 1rrigation water
o —/_—.——-——-'———-_——-_—-_-

T gl P

1sed on EC, Jrrigation water 1s classificd into 5 classes from Al to AS.
Normal water-Al : Its EC 1s ICM. Water can be uscd on most soils

for most Crops.

l):lscﬁd__l_g;__}_,,.li(;,_adj_%lgd_ AR a cntration.

e

\
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TABLE 9.34 LIMITS OF BORON IN IRRIGATION WATER FO
OF BORON TOLERANCE

Tolerant
(2-4 ppm)

R CROPS OF DIFFERENT DEGREES

Sensitive
(0.3 - 1.0 ppm)

Semitolerani
(1-2 ppm)
Walnut

Date palm Sunflower i
Sugar beet Potato
' Alfalfa Cotton Pea:'
Onion * Tomato Apple
Turnip Radish Grape
Cabbage Barley Cherry
Lettuce Wheat i Peach
Carrot Pumpkin Orange
Sweet potato ; Grape
Lima bean Lemon

| Low salinity water-A2 | The EC ranges from 1.5 to 3.0 dS m~!. It can bc used for most
g B TL__‘H____-.-_- . h—_. .
crops on hght and mcdium textured soils and for semitolerant crops on hcavy soils.

Medium_salinity water-A3 : Its EC ranges from 3 fo 5-dS—m=L It can be uscd for

-—‘-l"-"'"_"-.h

scmitdTcrant crops on light and medium soils and for only tolerant crops on hcavy soils. Soils
should have rcasonably good drainage.

Saline water-A4 : The EC ranges from 5-10 dS m-!, Tolerant crops can be grown on

i p—

light and medium soils with cxcellent drainage. It should not be used on heavy textured soils.

thigh salinity water-AS : Its EC is morc than 10 dS m~!. Water is not suitable for

, (———— — e —
irigation under normal conditions.

—

Bz .""mitljustcd SAR, jrrigation water is classified inio 5 classes from Bl to BS.

Normal water-B1 : The adjusted SAR is less than 10. It can be used on all soils for all
the crops.

L_Q_})_;_.ﬁ_o_(lluTﬂwatc:_::_[}}_ - Its adjusted SAR ranges from 10 to 20. It can be used on light

and medium soils and hcavy soils with good drainage. Use of this water lcads to problems on
black and alluvial soils with clay content more than 30 per cent. |

Medium sodium water-B3 @ The adjusted SAR ranges from 20 to 30 Light and medium
textured soils can be irrigated with this water. Not suitable for heavy soils High calc;
carbonatc content can minimisc the problem. e e

Sodium water-B4 @ Its adjusted SAR ranges from 30 to 40

h_ Scmitolerant cro
| _ : _ S can be
srownerTight soils upto SAR 30 and tolerant crops -upto 40 Creatc p
{ | : S several
hcavy soils. B o

m
Normal water-Cl1 ¢
crops on all-soils SR

—Based on boron cEthc\m\ irrigation water s grouped nto 5 classes from C1 {
s = 0

LLow boron water-C2 : Boron content ranges from 3 to 4 1
| |  Fi . . &P All ¢ _
nwdunuﬁgg_tls.-eaﬁ%e.ngalcd with this water upto 3 ppm boron. Wate b i heavy and
be used on light soils for tolcrant crops.
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Medium boron water-C3 : Boron conient ranges from 4 to 5 ppm. It can be used for

s sl i

most crops on hcavy soils. Water upto 4 ppm boron can be used on medium textured soils

for scmitolcrant crops and upto 5 ppm for tolerant crops. It creates problems on light sols.

Boron water-C4 : Its boron content ranges from 5 to 10 ppm. Semitolerant and tolerant
crops enm—hcavy soils can be irrigated with this water. It lcads to problems on light soils.

Calcium carbonatc content may alleviate toxic effect of boron.
High boron water-C5 : Water with more than 10 ppm boron is not suitable for 1rrigation
under ordinary conditions.

9.8.5 MANAGING WITH POOR QUALITY WATER

Soluble salt concentration of most river water is less than 1.0 g 1-! and usually betwcen

0.2 and 0.4 g 1I-' Under conditions of good drainage this wafcr can be used for practically
all crops continuously. If the irrigation watcr has a concentration of about 0.5 to 1.0 g 1%,

it may contain sodium, then requiring special mcasurcs.

On the other hand irrigation practices in Asia and some other countries shows the usc of

irrigation water with concentration of 3 10 8 ¢ 1-1. This is only possible as a result of

the following conditions.
e Watcr 1s uscd to sandy_soils—with-high permeability, perfec lcaching and natural
drammagc,

~ ® "Many of thesc salinc waters contain considerable amounts of gypsum which precipitate
) in the soil, thus limiting_the harmful effect of saline soil solution, and
_- e Rclatively salt tolcrant crops arc grown.

Incrcasc of salts 1in the root zone of 5011_ depends on the salt content of irmgation water,
number of irrigations and salts raiscd by capillarity from ground water. On the other hand,

>

e mg el T e

i I A, m g T

mcreased usc of irrigation water decrcase the salt content if the leaching water is removed by
drainage. General process of salt accumulation in irrigated soils by saline water 1S shown 1n
Fig 9.15. Every watering without leaching increases the salinity of irrigated soil. If 1,000 m?
of water containing 1 g I"! salt 1s put in to the field, 1.000 kg ha-! of salts will be added
to the soil, with a concentration of 10 g 1°1, 10,000 kg ha=! will be added. Consequently,
after 20 watcrings, the total salinity of irrigated soil will increase upto 20 or 200 t ha=! and the
average salinity of soil will increase to 0.4 to 1.0 per cent (FAO/UNESCO 1973). Proper

managcment practices can mitigate the adverse effect of poor quality irrigation water, when 1t
s mevitable to use such water for irrigating the crops. For cfficient use of poor quality water,

9.11.6 may bc rg_fqrrcd.

1Gypsum applicatioi>: Usc of gypsum creates favourable Ca: Na or Ca : Mg ratio
in irrigation watcr. Improvement in Ca : Na ratio or SAR is due to increase in calcium ion
concentration, decrcasing the Mg : Ca ratio and precipitating excessive carbonate 1ons. Gypsum

can be applicd to the soil if it 1s alkaline. If the soil is good and water 1s of p or quality, gypsum
should be applicd to water.
L(_;r'ﬂﬂg “’w Tolerant crops and warscties appear to be the most practicable

way of crop production with poor quality irrigation water. Barley, sugar beet and rape arc
tolcrant to salinity. Wheat, rice, sunflower, sorghum, etc arc semi tolerant. Wheat, oats,

sugarcanc, cotton, cic arc scmi-tolerant to sodic soils.

I e

LN&L&M@ Sced germination and crop establishment decrease with increasing
salmity.  In furrow irrigation, salts accumulate in the center of the ridge between furrows and
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Fig 9.15 Soil salinisation due to saline water irrigation (FAO/UNESCO 1973).

on the top of the ridge. If the sced is placed on the side of the ridge or at the bottom of the
ridge, the problem of salinity can be minimised. Sloping beds cither on one side or on both the
sides with sceds just above the water line ensure optimum crop stand. Transplanting lcads to

better crop cstablishment in fingermillet and pearlmillet. Closer spacing 1s better than widce
spacing.

WRasACF PRI . - . - :

t FCI'tilﬁ@w Optimum rate and balanced fertiliser use, especially major nutrients, can

makc"tmr()p to withstand the poor quahtyof irrigation water considerably. Acidity and
basicity of fcrtiliscrs_should be considered while choosing the fertiliser material.

and drainage ? Poor quality irrigation water application with sprinklers leads
to lcal burn. Drip system appears to be better than sprinkler method for such water. Frequent

irrigations appears to mininuse the adverse effects of poor quality water. Provision of adcquatc
drainagc 1mproves the crop growth and yield.

h.'-:r--ﬂ-...ﬁ.q_

T o " ; . . . - "
\Soil managemen>: Any practice aimed at improving soil structure and infiltration reduces
salinity hazard. Mulching with organic residues minimise cvaporation leading to reduced salt

concentration in the cffective root zone. Inclusion of lowland rice in crop rotation reduccs
salinity hazard considcrably.

9.9 DRAINAGE

[ _N Q&

‘ _ 1t 1s used in general sensc to denote water
outflow from a scction of land. Morc specifically, 1t can serve to describe the artificial rcmoval

of excess water from cropped ficlds. Drainage aims at maintenance of so1l moisture within the
range requircd for optimum crop growth. In humid arcas, drainage is needed for the removag]
of excess rain water. In anid and semiarid arcas, drainage i1s a nccessary complement of

irrigation.  Drainage removes excess water to ensure a favourable salt balance in the so1l and
a walcr table optimum for crop growth and devclopment.
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citics/towns having supply of water and walcr consumption of 200 I capita’! day’!, the annual
cstimate of sewage comes to 2.19 M ha-m. It 50 per cent of the scwage water is retricvable,
about 1.0 M ha-m will be available for possible recharge.

9.11.3 WATER CONSERVATION

Watcr conscrvation in irrigated agriculture can be achieved by reducing conveyance losscs,
cllicient canal water management, cfficient on-farm water management, rainfall conscrvation,
rcducing watcr dcmand and rcusc of wastcwaltcr.

Reducing conveyance losses : Conveyance losses account for 40 to 50 per cent of the water
dchivered into a canal and almost half of these losses occur_in ficld channels. While scepage is a
nct loss of water in arcas with poor quality groundwatcr, 1t can be retrieved for irrigation in arcas
having good quality ground watcr. This water my be withdrawn by farmers at their conveniences

and when needed. In order to reduce these losscs, lining of canal network should be done with duc
importance to cconomic considerations. However, watcrcourses, which contribute very little ground
waltcr, should be lined for efficient conveyance and distribution of water.

Canal water management : Canal irrigation systems were scientifically planned. The
water allowance, the capacity factors and the irrigation intensitics were designed keeping 1n
view the availability of irrigation water and irrigation demands of the cropping systems prevalent
at that time. Sincc then, a major shift has taken place in cropping pattern, ground watcr
development, cropping intensity, irrigation intensity ctc. This has resulted in a mismatch between

demand and supply during the crop period. This gap can be minimised by revising thc water
allowance and the capacity factor, keeping in view the irrigation requircments of existing crops,
quality and availability of ground water (Khepar ct al 1990).

On-farm water management : On-farm water management including improving the
convevance cfficiency of irrigation channcls/canal water courses (already discussed), application

cfMicieney, scheduling of irrigation and precision land leveling increases the water use cfficiency
and crop production. |

Reducing application losses : Application cfficicncy of surface methods of irrigation 1s
only 30 to 50 per cent as compared to attainable level of 60 to 80 per cent duc to the fact that
these mcthods arc not designed to match the strcam size, soil type, slope cic. By growing row
crops such as cotton, sugarcane, soybean, sunflower ctc under ridge and furrow irrigation, about
30 to 40 per cent of irrigation water can be saved as compared to border irrigation. Around 30

to 40 per cent of irrigation water can be saved by adopting sprinkler or drip wrrigation in water
scarcity arcas, having conditions conducive to their application.

Irrigation scheduling : Irrigation scheduling in relation to water availability 1s an important
aspcet of on-farm water management for optimising production. Where irrigation water supplics
arc plentiful, irrigation must be repeated before a yicld or quality reducing water stress develops

i the ficld. In the casc of rice, intermittent submergence, which includes rotational and occasional
submergence, can save irrigation water up to 50 per cent depending on soil type.

Irrigation scheduling for optimising production with limited water supplics 1s a bigger
challenge. The first step for irrigation scheduling with limited water is to assess the rclative

sensitivity of different growth periods to water stress. Irrigation with limited water should be so
managed that the incvitable stress synchronises with the least sensitive stages.
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Precision land leveling : Precision land leveling/grading 1s cssential for cfﬁplcnt utlllsatIOI-l,
uniform distribution of Irrigation water, quick removal of excess rain water in humid and _sul_::ahupnd
arcas and conscrvation of rain water in arid and scmiarid arcas. In surface method of irrigation,
land Icveling 1s ¢ssential for high application cfficiency. The topography index (TI), the difference
between average cut and average fill (cm) should be zero for ideally graded field.

9.11.4 CONJUNCTIVE USE OF SURFACE AND GROUND WATER

Conjunctive use management of multisource/multiquality waters can be defined as the
management of multiple water resources in a coordinated operation such that the total_ \{vatcr
yicld of the system over the period of time exceeds the sum of water yields of the individual
componcnts of the system resulting from uncoordinated operation (Gupta ct al 2000). As a }‘csult
of conjunctive usc of surface and ground water rcsources, 1t 1s possible to have optlmu‘m
utilisation of water resources as ground water could act and function as a storagc rCservoir,
rcgularisation agent and conveyance medium. The scparate usc of surface and groundwater 1n

itsclf” may not always constitute a conjunctive use. Conjunctive use i1s planned and practiced
with the following objcctives '

e Mitigating the cffect of storage in canal water surplus, often subjcct to stecep variations

in river flow during different periods in the year,
® Incrcasing the dependability of cxisting water supplics,

® Alleviating the problems of high water table and salinity resulting from introduction
of canal 1rmnigation,

e Facilitating the usc of high salimity ground water, which cannot otherwise bec used
without appropriate dilution, and

@ JStoring water in ground water basins closer
casc of interruption of surface water supply.

9.11.5 SAFE USE OF SALINE AND ALKALI WATER

Management practices for optimum crop production with saline irri
preventing build up of salimty, sodicity and toxic ions in the root zone to

productivity of soils, control salt balance in salt-water system as well as mini
clfccts of salinity on crop growth.

to the uscrs to ensurc water supply 1n

9.11.5.1 CROP MANAGEMENT

Sclection of crops : Crops differ considerably in their ability to t
The valucs of salinity for obtaining specific crop yields were com

(1990) as per response cquation: RY = 100 - S (ECe — ECY), where, ECt is threshold salinit
Oilsced crops requiring less water can tolerate higher levels of ECiw, where as mo e

aline water in a .nc

the quality of irngation water. High water requiring crops like
avoided with brackish waters as these aggravate Ini

Growth stages : During mitial stages, plant roots are limited to surface few cm h
most salts conceniratc on the evaporating surface. Hence, in most Crops , ‘Where

| _ - e , germination
sccdling cstablishment arc the most critical stages requiring strategies for minimising saaT;i -‘:ar!}’
NIty 1n
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the root zone. Other critical periods arc phase ¢l
*- n 1anges from vegetative . .
or * " ¢ to
and [lowering). Otherwise, tolerance to salinity increases withg the age s A

C rop varieties : There is wide variation in inherent salt tolerance of crop varietics. Usually
there 1s a negative corrclation between tolerance and their yield potential. Varietics like ba111odar

In riqc and Kharchia in wheat arc tolcrant to salinity but have low yicld potential. Varicties
showing stablc yicld under saline conditions should be preferred. |

Pl:mting procedure : Failurc to achicve satisfactory germination and thus the required
plnnF population 1s the major factor limiting crop production with saline waters. Whercver
possible, a heavy presowing irrigation with nonsaline water should be given to leach é)ut the salts
out of sceding zonc. The other technique that seems safe to establish crop is to give a
postsowing irrigation. Sowing on northcastern side of ridges or at the side of furrows can also
reduce salt accumulation necar the sced zone. Relatively lagher plant population than the normal
appcars to bc idcal to compensate for poor tillering with salinc water.

9.11.5.2 IRRIGATION MANAGEMWNT

Leaching requirement for salt balance : Arcas where highly salinc waters arc used arc
usually monocropped. Only salt tolcrant crops arc grown during winter. In such arcas, rainfall
received during monsoon is utilised for meeting the leaching requirements and thus maintaining
he salt balance. A lcaching strategy that can work well 1s to apply saline water for boosting
e antccedent moisture contents and reducing salinity levels before the onset of monsoon. The
ofill of the surface soil with water just before the onset of monsoon will enhance salt leaching
during kharif rains.

n addition to amount and frequency of rains, salt leaching with rains depends on soil
exturc. Removal of 80 per cent of the salts accumulated during the period preceding monsoon
would requirc 1.85, 0.95 and 0.76 cm of rain water cm-! soil depth in fine, medium and coarsc
iextured soils. respectively. Clay soils irrigated with high SAR - saline/sodic waters become
vulnerable to dispersion and movement upon leaching cspecially with low clectrolytic rain
water. Thus. salts arc held back and such soils have been shown to requirc almost double the
quantity of water (0.7 to 1.2 cm cm! soil) compared with the structurally stable salinc sotils
(0.4 to 0.5 cm cm! soil). Therefore, addition of gypsum to prevent surfacc scaling and
cnhancing infiltration of rain water 1s advocated for such situations (Gupta et al 2000).

Irrigation interval : Under saline conditions, irrigation should meet both crop water

rcquircments and lcaching rcquirements to maintain a favourable salt balance. Therefore, 1t 1s
usually opincd that irrigation in salinc soils should be more frequent because it reduces the

cumulative water deficits between the irrigation cycles. However, such option is still controversial
as small irrigation intervals subscquently induce water uptake from shallow soil layers, 1ncreases
unproductive cvaporative losscs from soil surface and with saline irrigations increasc the salt
load of soils. Expcrimental rcsults also indicatc no advantage of more frequent irrigations than
hose recommended for normal soils. Depth of applied water should be simultancously reduped
if higher benefits from small intervals of irrigations arc to be accrued (Minhas ef al 1998). As
the infiltration rate controls the application depths, it is difficult to apply less than 25 mm waltcr
with surface methods and too frequent irrigations may infect aggravate the acration problem.
A shift to sprinkler or drip irrigation is desired for applying small quantities of water al frequent

mtervals.
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Water table management : The salts arc usually Icached dOlel and walcrloggmg. problems
alleviated through subsurfacc drainage for minimising the salinity hazards updcr hlgf}b w.alCI:
tablc conditions. Safer disposal of drainage water 1s a major problem. Substantial contr ullqns
lo scasonal water requirements can come from shallow water table. Crops such as wheat rcquirc
only onc irnigation under shallow water table conditions around 1.0 m. Hence, shallow watcr
table 1s desirable cven if the water is salinec. Such a practice simultancously lcads to salt
accumulation in rooting zonc, which levels out following leaching with monsoon rains.

9.11.6 INTEGRATED USE OF POOR AND GOOD QUALITY WATERS

When canal walter supplics arc unassured or in short sup.iy, farmers arc forced to usc
salinc ground or drainage waters to mect the crop water nceds. Waters froxp these two sources
can be applied cither separately or mixed. Mixing of waters to acceptable quality for crops also
rcsulls i 1mmproving the strcam sizc and thus the uniformity in irrigation cspecially for the
surfacc method on sandy soils. Allocation of two waters, if available on demand, can be donc

cither to different ficlds. scasons or crop growth stages such that higher salinity water 1s not
apphicd to scusitive crops or growth stagcs.

9.11.6.1 PREIRRIGATION

Presowing irrigation is usually given to facilitate tillage, scedbed preparation and recharge
the root zone with water for germination and stand establishment. In saline soils, it also aids in
Icaching of soluble salts below the sceding zone to mimimise the salt injury to germinating
sccd and subscquent stand establishment. Crops like sorghum and mustard can tolerate higher

salimty once the nonsaline water is substituted for presowing irrigation to lcach out the salts of
sccding zonc.

In salinc arcas pronc to watcrlogging, kharif crops fail to establish owing to high salinity
and temperatures 1f sown before onsct of monsoon and due to excess water after the establishment

ol monsoon. Crops like sorghum can be successfully raised if they could be established in
premonsoon scason after leaching the accumulated salts even with saline water (ECe > ECiw)

lollowed by small additions of nonsaline waters as the crop can withstand the excess water from
later rains.

9.11.6.2 CYCLIC USE OF MULTIQUALITY WATERS

The stratcgy mvolves substitution of canal water for saline water at most sensitive growth
stages/crops grown in scquence and usc of saline water at other stages such that the effects of

resultant soil salinity build up can be minimised. In general, crop yiclds will be high with cyelic
usc of canal and salinc watcrs when the cropping intensitics are less than 200 per cent. Yields
can be maimntained closc to thosc obtained with good water by delayed substitution of Slalinc

water (after two mitial rrigations with good quality water). Alternate irrigations with good and
salinc waters can also be followed if circumstances demand. Irrigation with salinc water should

]
"

ing. The advantape duc
cyelic usc followed the order; (2C @ 1S) > (1C : 1S) > 1C : 2S): canal - salinc water lgmc ll:/(;ultg

salinity watcrs should be used cyclically and the use of canal water at carly stages and of ¢ I
watcr should be delayed to later stages (Gupta ct al 2000). aline

«

o |
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3.11.7 WATER QUALITY GUISELINES FOR IRRIGATION

It 18 cviden .

i bl cvident from the above that apart {rom its composition, determination of suitability
. ‘.‘1 4 = - Y e . . - ) g

PECIIC waler requires specification of conditions (soil, climate crop etc) of its use and the

irrigation and other management practices followed. Therefore, the followin

s her 1 >ment. g broad guidclines,
assc,s:?mg sultability of irrigation waters, have been suggested from time to time for average
us¢ conditiong -

® Growing relatively tolerant crops and varieties.

® Sowing on northcastern side of ridges.

® Using around 20 per cent higher seed rate and quick postsowin

g 1rrigation (within 2-
3 days) for better germination '

® Usc of gypsum for salinc water having SAR > 20 and/or Mg : CA > 3 and rich in
silica. |

@ [allow during rainy scason when SAR > 20 and higher salinec waters arc uscd in low
ramnfall arcas.

e Additional phosphorus application when Cl : SO4 ratio 1s > 2.

@ Canal watcr prefcrably at carly growth stages including presowing irrigation for
conjunctive usc with salinc water.

e When ECiw < ECe (0-45 cm soil depth at harvest of rabi crops), saline water irrigation
just belorc onsct of monsoon. |
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