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Problems of Irrigation Lands

6.1. Definition of Salinity and Water-logging

) :;::u} c.zglncuttural land is said to be water-logged, when its productivity gets.affected

0,; e ulg { »ffatcrtable. The productivity of land infact, gets affected when the root zone
plants gets flooded with water, and thus become ill-aerated. Il acration reduces

erop ylcld. as cxplained below : '

e peme m

' The life .of a plant, infact, depends upon the nutricnts like nitrates, and the form in

which the nitrates are consumed by the plants is produced by the bacteria, under a

‘ ?roccss called aitrification. These bacteria necd oxygen for their survival. The supply
of oxygen gets cutoff when the land becomes ill acrated, resulting in the death of these

b.ﬂczc-ria, and fall in the production of plant’s food (i.e. nitrates) and consequent reduc-
tion in the plant growth, which reduces the crop yicld, Apart from ill-acration of the
plants, many other problems arc created by water-logging, as discussed below :

‘(i) The normal cultivation operations, such as tilling, plougfling, ctc. cannot be
easily carried out in wet soils. In extreme cases, the free water may rise above the surface
 of the land, making the cultivation operations impossible. In ordinary language, such a
- Jind is calléd a svampy land, D aae 2t e Y wmen o e i =
' (/i) Certain water loving plants like grasses, weeds, ctc. grow profusely and
luxuriantly in water-logged lands, thus affecting and interfering with the growth of the
© eLops. o e SRR L
. {§if) Water-logging also leads to salinity, as explained below :

If the watertable has risen up, or if the plant roots happen to come within the
capillary fringe, walcr is continuously cvaporated by capillarity. Thus, a continuous
upward flow of water from the watertable to the land-surface, gets established. With

this upward flow, the salts which are present in the water, also risc towards the su.rface,r
resulting. in the deposition of salts in the root zonc of the crops. The concentration © '
- -_.-...-.thc.s,c.al-kali-.salts;.pmscnt-.in..thcuxoot.zonc.of..the-crops.has.».a .c.o_r:odxng-_cfchLmEﬂ:}clu.o.f:s;_- i
" which reduces the osmotic activity of the plants ar'nd clxcf:ks the plant growth, ;n ¢ :nar; ‘
ultimately fades away. Such soils are called saline soils. From the above discussion,

iden ' o lopging ultimately leads to salinity, the result of which i's.
bccon:ics c;ldcn;) l;l?(:lmc priger ! ing are treated as 3 (WiN
the reduced Ccro

' in or-10gg
d. For this reason, salinity a‘nd water: - '

problem, under the head ‘salinity and water-logging'. Whenever there is water-loggng:
salinity is @ must. |
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n Causes of Water-logging ) ' AR
- Waler-logeing is the risc of watertable, which may occur due 10 tbc,.followxr?(‘c;
e oo When a policy of inensive irrigation is adopted,

) - gad Inw;;g'yg.ugrrxguuun.. icn a po! y 1 Yo iTiga S Al

(iél‘g:rt;ximix;ri iri-i_;;tliblc arca of a small region is irri ga'tcd. This If:agis (o, 1-29 > e

. ion, resulting in heavy percolation and sxfbsc:qu'c_n rise

a policy of extensive irrigation (1.e.
regions) should supersede the policy of intensive '1r1.‘1gau'on. ‘
m the. Adjolnluglligh; Lands, Watgr,.fr.pm*thpi adjoining high. .
soil of the affected land and may raisé the ,watcrtablc..
Canals. Water may secp.through the beds and :.;dcs
d at a higher level than the affected land;

:E'imgmon, n qw( regl . ‘ il
watertable. TFor this reason, (0 avoid water-logging,
irrigation spread over wider

(i) Seepage of Water {ro

lands may seep into the sub-
(iii) Seepage of Water through the Can:
of the adjoining canals, reservoirs, cte,, situate cvel | o ,
resulting in high watertable. This seepage is excessive, when soil at the site of canals,
reservolrs, ele. 1s very pervious, , o o B

(iv) Impervious Obstruction. Watcr seeping below the soil moves horizontally. (..
laterally] but inay find an impervious obstruction, causing the rise of watertable on rzne
upstream side of the obstruction. Similarly, an impervious stratum may ocour bclpw thc
wop layers of pervious soils. In such cases, water seeping through the pervious soils will
not be able o go deep, and hence, quickly resulting in high watertable.

(v Inadequate Natura) Drainage. Soils having less permeable sub-stratum (such as
clay) below the top layers of pervious soils, will not be able to drain the water deep into
the ground, and henee, resulting in high water level in the affected soil.

(vi} Inadequate Surface Drainage. Storm water falling over the land and the excess
urigation water should be removed and should not be allowed to percolate below. If
proper drainage is not provided, the water will constantly percolate and will raise the
level of the underground reservoir. _

(vii) Excessive Raius. Excessive rainfall may create temporary.water-logging, and in. -
the absence of good drainage, it may lead to continued water-logging. :

(viil) Submergence due to Floods. If a land continuously remains submerged by
floods, watcr loving plants Jike grasses, weeds, cte. may grow, which obstruct the natural
surface drainage of the-soil,-and thus, increasing the chances of watcr-logging.

(ix) Irregular or Flat Topography. In steep terrain, the water is draincd out quickly, .
On flat or irregular terrain having depressions, etc., the drainage is very poor. All these
factors lead 1o greater detention of water on the land, causing more. percolation.and

raised watertable. '

6.3. Water-logging Control
It is evident that water-logging can be. controlled only if the quantity of water into

the s0il below is checked and reduced. To achieve this, the inflow of water into the . -, ,.

underground reservoir should be reduced and the ‘outflow from this reservoir should be
increased, as to keep the highest position of water-table at least about 3m below the
ground surface. The various measures adopted for controlling water-- logging arc

cnemerated below: .

(1) Lining of Canals and Water Courses. Attempts should be made to reduce the
eepage of water {rom the canals and water courses. This can be achicved by lining
very cffective method to control watcr-logging.

Giem. It is o
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(3) By Praviding Intercepting Dralns, Intercepting Jrains along the canals should be
constructed, wherever necessary, These drains can intercept and prevent the seeping
canal water from reaching the area likely to be water-logged.

(6) By Provision of an Lifficient Drainage System. An cfficient drainage system should

3 g .} e 1 b y - « . +
be provided Th order o drain away the storm water and the excess irrigation walcr. A
good drainage system consists of surface drains as well as sub-surface drains (cescribed
in details a little later), '

(7) By hnproving the Natural Drainage of the Arca. To reduce the percolation, tic

water should not be allowed to stand for a Tonger period. Some relicf in this direction
can be obtained by rcmoving the obstructions from the path of natural flow. This can
be achicved by removing bushes; jungles, forests. efc. and improving the slopes of the
natural drainage lincs. | | o 5 o

(8) By Adopting Consurilptive Usc of Surface and Subsurface Water, The introduction

of lift ifmigauon to utilize ground water fielps in lowering the water-table in a canal

irrigated area, where water-table tends to go up. Hence, the ground water should also
be used in conjunction with canal water for irrigation, as the conlinuous use of ground

water will not allow any appreciable risc in the level of water-table, due to continuous
secpage of canal water.

This combined use of subsurface waiter (ground water) and the surface water {canal
vater) in @ judicious mannct, as 10 derive maximum benefits, called conjunctive use,

wal

‘ - should hence be adopted to control walcr—logging.

64 Reclamation of Saline and Alkaline Lands.

—ae VT e i e

Land reclamation is a process by which afi unculturable land is made fit for cultiva-
tion. Saline and water logged lands give very less crop yields, and are, therefore, almost
_ unfit for cultivation, unless they arc reclaimed. Before summarising the remedics for

reclaiming such lands, we shall first seview the process, whereby, a land becomes,
‘saling’ or in extreme cases ‘alkaline’ '
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Every agricultural soil contains cerilain mineral salts in it. Some of these smls ar
beneficial for plants as they provide the plant foods, whilc certain others prove 1njaniss
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i{:ﬁii««-‘\v‘\i ATION ol ( |
) o, These injurious salts are called alkali salts and their common examples .
{0 i‘-‘l"‘j‘u : NSOy, and NaCl. Na,CQy or black alkali’ is the most barmful; and NaCl -:
e MEC_LRB, . .1;ul Those salts are soluble in water. If the watertable rises up, or if the

is the loast l‘f‘ ; x;, V}c‘n to come within the capillary fringe, water from the watertable starts

plant’s m“f\b\:rs l-rhc soluble alkali salts also move up with water and get deposited in .
ﬂa\\’m‘fﬁm{“ the plant roots as well as on the surface of the land. This phenonsenon of -

e Sm mine wp in solution and forming a thin (3.to 7.5 ¢cm) crust on the surface, after >
Q“m:‘)mr‘;m,; of water, is called ¢ffeorescence. Land affected by cffcorcsccnw?s

;;‘ilfd _\“ line soil. The salty water surrounding the roots of the plants reduces the osmotic

activity of the plants, as cxplained below : b B mmt e s g L
Since the plant roots act as semi-permeable membrancs, s0 we have almost pure

water on onc side of the membrance {i.e. the . \ » .
water already extracted by the roots) and highly PURE WATER FROM PURE WATER
soncentrated salt solution on the other ‘sidc. &';ffg&;ﬁf;‘gggv? NG—é—?_[?ﬁ{Ei |
Now, from the knowledge of physical chemistry, ~ TOWARDS THE SALT -f:f2- b
we can conclude that pure water {rom within the SOLUTION . i

— oots will start flowing out ol the roots by _— =
sosmasis’ towards the salt solution, until the pres- e e -
sure on pure water side becomes cqual to the " PLANT ROOT
osmotic pressure of the salt solution. The plant - Fig. 6.1

will, hence, dic due to lack of water, as shown in Fig. 6.1.

Such a salt affected soil is unproductive and is known as “saline soil”. If the salt
effcorescence continues for a longer period, a base exchange reaction sets up, particular-
ly if the soil is clayey, thus sodiumising the clay, making it impermeable and, therefore,
ill-acrated and highly unproductive. Such soils arc called alkaline soils. The reclamation
of alkaline lands is more difficult.

Reclamation of salt affected lands. It is evident from the above discussion that
effcorescence can be avoided if the watertable is maintained sufficiently (about 3m) .- -
below the roots, so that the capillary water is not able to reach the root zone of the plaat.”
Hence, all those measures which were suggested for preventing water-logging hold good
for preventing salinity of lands also. An cfficient drainage system consisting of surface
drains as well as sub-surface drains (cxplained in the next article)-must be provided in .
order to control and lower the watcrtable in 'saline lands. After the high watertable has’
been lowercd by suitable drainage, the soil is freed from the existing salts by-a process, ",
called Leaching. . = = o F s B T B

6.4.1. Leaching, In this process, the land is flooded with adequate depth of water.

The alkali salts present in the soil, get dissolved in this water, which percolate down t0

join the watertable or draincd away by surface and sub-surface drains. The process is
rcpeatcd till the salts in the top layer of the land arc reduced to such as extent that some

sal: resistant crop-can be-grown. ‘This' process-is known as-leaching--High-salt resistant-. .
crops like fodder, berseem, bajra cic., are now grown on this leached land for onc or
two scasons or il the salinity is reduced to such an extent that an ordinary crop like
Wh;myt, cguon, citrus garden crops, etc. can be grown. The land is then said to have been
reclaimed,

-

\' 1 g ‘ . 404 " e . - v “ “ . L % ey
‘ It is known as black alkali because it dissolves some organic constitucnts of soil, whith whai i seatid
ity e 3, .t T . .
widli 1, appear black. The ground, thereforc, geis spotted with paichies of black stain.
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e B “ - IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES
When sodium carbonate (NayCOy) is present in the saline soil, gypsum (CaSQy) ‘is

generally added to the soil before leaching and thoroughly mixed with water. Na,CO,

reacts with CaSQy forming NapSQy, which can be leached out as explained earlier,

6.4.1.1. Leaching requirement (LR) of a soil. In order to maintain status quo on the
salinity of a given soil, and to avoid any further increase in its salinity, it is necessary
to apply water to the soil in.excess of the consumptive use (i.e. the requircment 1o mect
cvapotranspiration needs). This excess water will flow down beyond the root zone of
1¢ ¢rop o the underground drainage systém or to the underground rcscrvolu‘. washing
down the excess salts, which otherwise would have been dcpps{{gd mtho soil to further
- increase the salinity of the soil. o

R T -

. s : anine pocds, is generally
e This excess water, which is requircd to meet the leaching xxcu(_i\s.f}zl ('i,)bll:) r:igt
M expressed as the pereentage of the total irrigation water applied to the soi ( : v o
i the consumptive use as well as the leaching needs. This percentage quanty )- ouied
-‘z required for maintaining cquilibrium in the salt content of the soil, has been comg
‘ 0 be expressed by the following cquation :
e o e D,
g o LR (LeachingRequircmient) = B
i
§; Depth of water drained out per unit fll‘t‘.:l (6.1)
.y ~ Depthof irrigation water applicd per unit of arca ‘
ii where D; = Total irrigation water depth applicd.
‘ = Cu , 4 Dd
s Y \J
Consum- + Drained out
b5 )
! plive use water depth
i DJ‘ D.-C,
a & LR=—=—r— L (6.2)
\:.'... R B "D' D"“ CtorTmoTTee S o .
' S . Dy : C; :
e For salt cquilibrium, the ratio D found to be cqual to ok where C; is the salt
! ‘ i d
| content of irrigation water, and C, is the salt content of drainage or lcached water. Since

i the salt content is directly proportional to the Electrical conductivity” (EC), E_' will be

\ o
i, EC . . : S . .
T cqual 1o ——— where EC; is the electrical conductivity of irrieati . X N
q ECy (st : 1y of gauon‘wazen and E,Cm is
the clecirical conductivity of drained water (leached water or leaching w;
b . 1ng water). Hence
equation {6.1) can be wrilten as : ’
_Ds  EC,

—— T e——

:___________ SPRS.... ..:._.-..D;‘__. C(—d; mem T T i s i el et e ____,_,__,-_.,::(6_.3)
5  The E.C. of drainage water, or leaching water, i.e. EC
s e T . ¢ 3 L . " ' k ( » ma A bc as i¥a
basis of permissible salt tolerance limit of the grown crop, AP, umed-on the

but is generally assumed to

. Elcotrical condugtiﬁ!y zsn meas

‘ arc of salt content in a
in article 1,7(2). - |

iven Waler samplc. and 1 Py
gi . er sumplc. and is dealt in mope details
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o . : SOILS e
aa ON OF WATER-LOGGED AND SALINE  ie. E.C. Hence, equ. (6.3) can
W , IR . 5 s .»” N A
;f | waat ¢. value of the sururation soil extract Le e :

F ' : 1 va o

. see the B
e twisk

slso be writien s . (04)

D, Ecm ) f‘:?(g_ ‘ |
LR-=p " EC, ~ 2C L
/ « (¢) . o

' rement when electrical cand;u:x'z\{IAI,I}'d(f;:;r :

' %o 1 jon in’ ie

-d extract of soil is 10 m mho/em at 25‘;‘6.1cducl_wu in 1‘ ;Z jdcpm o
i 1.2 m.nho/cm. What will be the requir g
. 08 requirement of.the crop .is. oV-

Enmplé 6.1. Estimate the leaching requi

. yalue of a yatra ) .
o e’ of irri ater is
“crop. The EC of irrigation waler i i
-cro"ir to be applied 1o the field if the co;zsumplmc qu: et
;; ?EC va!i‘c of the leaching water may be suitably a..\sul _ - , ’
Solution. The given values are : N
EC) =E.C. value of saturated soil extract = 10 milli mho/cm
EC,) = E.C. valuc of irrigation water = 1.2 milli mho/cm
C, = Consumptivcusc = 80 mm
— " The Leaching Requirement (LR) is given by the Eqn. (6.3) as
0 2u_ EGy
D, ECy
where EC is the E.C. value of leaching water, which may be assumed to be cqual to
2-£C,)=2X 10 m.mho/cm = 20 milli mho/cm

Substituung the above valucs, we get

LR ffc(,) - 1.2 m'ill'i inho/cm _:LZ.: X 100% = 6

EC4  20millimho/em 20
Hence, the Lpac_lging_chujrcmcn_\_l 18.650. . Ans.. ... R T O}
Now using cqu. (6.2), we have

_% _Di=C, -Dy~80mm

LR = D, D, = D, »® 100% L o w{2)
Equau’ng (1) and (2), we have
g fPotmm)
; D,
or 6D, =100 D; ~ 8000 mm or 94 D, = 8000 mm
or D)= Egg—g mm = 85.1 mm -
“chcc, the required water depth for .irri,galibn-: 851 mm-Ans, e
LAND DRAINAGE

Surface irrigation js 3 blessing only if it is practised with great carc. Only optimum
| a':’nount of Wil[(:r should b.c supplicd to the crop; in accordance with the requirement of
Lia'z ¢rop, and the properties ‘of the soil must be given full consideration, Excess water,
which the root zone of the soil fails 1o absorb, may percolate and help in raising e

et ———.

* The water solution eatracted from o soif ot jts saturation pereentage.
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