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‘ | ' ' mati itions undecr
just lor a given scason, but also in the long run. Since the soil and climatic condit

which the crop 1s grown and the crop management practices differ to a liargc extent from place
1O p[ﬂCC. there can be 11O SillglC aCCCptable recommendation on iITlgatIOI'l‘ walter man:':lgcmcnt
prnc:llccs l0 any crop. Recsults of Cxperimcn[s on watcer 1nanangCIll practl'ccs for majpr ficld
crops through out the country for the last threc decades may serve as @ guide fpr cflicient usc
ol scarcc irrigation water to optimise crop production. Results of All [ndia Coordinated Rcscar_ch
Projcct on Water Management (AICRPWM), reported by Yadav ct al (2000) and othcrs on major
[icld crops from different regions are briefly presented.

the two major cereals of the country. Rice is cultivated through out
the country while wheat is the major crop of relatively cooler parts of north India. Except maize,
the arca of other mullets under irrigation is relatively low.

9.1.1 RICE

Irrigated rice 1s largely cultivated under conditions of land submergence all through the
country except 1n the states of West Bengal, Assam, Kecrala and parts of Orissa, Madhya Pradesh
and Uttar Pradesh where it is grown as a rainfed crop. Lowland (irrigated) rice requires more
water than other crops of similar duration due to land submergence. Depending on the environment

in which the crop 1s cultivated, 50 to 70 per cent of the applied water is lost in deep percolation
and about 200 mm of water is necessary for land preparation (Table 9.1).

Table 9.1 Water requirement of irrigated lowland rice (Kung 1971).
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By water loss

¥ - Trahspiration 1.5 to 9.8 mm day!
] Evaporation 1.0 to 6.2 mm day!
| Pcrcolation 0.2 to 15.6 mm day}

Range of daily loss 5.6 to 20.4 mm d-ay-*1

By ficld operation

; Nurscry 40 mm
Land preparation 200 mm
! Ficld Irrigation i 1000 mm

IR R

The amount of water used at field level 1s 20,000 m3 t-! with poor watcr management and
3.000 m? ¢! with good management. Irrigation agencies, generally, take only “laissez faire”
approach to mcasurcment and control of water in canal command areas where rice is the major
crop. A large proportion of the water making up the current sy-iem water requirements
(Fig. 9.1- cover page) 1s used in lieu of added control and management (Levine 1965). Most
irnigation systems of rice producing nations in Asia are operating at the left hand side of abscissa
where the system water requircment 1s much higher than the actual requirement. It is desirable
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' ' | . its
(o incur added (incremental) costs in control and management to save added (mcremcntal) un

. Y 3
of water (ha-cm) until last unit of water saved has a ‘cost equal to the cost of a replacemelity,
(alternative or new) source of water. |

It has been reported that about 5000 1 of water is required to produce 1.0 kg rice. Average
production of grain (kg ha-mm! of water) is 3.7 for rice, as against 13.4 for fingermillet, 12.6
for wheat, 9.0 for sorghum, 9.2 for maize and 8.0 for pearlmillet. It is often said and agreed
that scasonal water requirement for rice varies from 750 to 1500 mm day~! with an average of
1200 mm. If irrigation period is assumed to be 120 days, the average requirement will be 10 mm
day-!, which appears to be reasonable on the condition that land submergence is the usual
practicc with a minimum of 2 mm day~! percolation and seepage losses (Reddy 2004)...: .
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INCREASING CONTROL OVER IRRIGATION WATER AND MANAGEMENT A4

~y Fig. 9.1 Importance of control and management on system water -
tj:équirement for rice irrigation (Levine 1965).

As per Kung (1971), the total water loss from rice ficlds ranges from 5.6 to 20.4 mm
day~1. However, most obscrved losses range from 6 to 10 mm day™'. On an average, a total
of 1,240 mm is thc water requirement of rice (Table 9.1). '

" i ,-"'..1'7"51 "!'
-7 < bt

Rice crop has been found to perform better under the conditions of land submergence due to:
e Rclatively weed free environment leading to cfficient use of inputs by the rice crop

e Incrcased availability of nutricnts, especially phosphorus, potassium, calciungg§§li90p
and 1ron | TSR

LR L e el T
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e Rcduced loss of nitrogen from rhizosphere placed ammonium fertilisers due to reduced
soil conditions

e [ixation of atmospheric nitrogen by bluc-green algac and other microbes due to favourable
cnvironment |

e Rcgulation soil tempcrature within the rang, ideal for optimum growth and development
ol the crop. '

Weed free environment duc to continuous land submergence appears to be the major reason
or the preferred land submergence. With increasing scarcity for irrigation water, there 1s need
[or a look back on the practice of continuous land submergence for sustainable rice production.
:xtensive ficld studics to quantify the irrigation requirement of rice with continuous land
submcergence during kharif indicated large variations in different regions (Table 9.2). It was
lowest in castern region and highest in northern region. Such differences in irrigation requirements
have been attributed largely to soil type and seasonal rainfall.

Table 9.2 Irrigation requirement of rice with continuous
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Eastern region

| Pusa (Bihar) Alluvial sandy loam 62 81
Chiplam (Orissa) Sandy loam 57 935
| Kharagpur (WB) Lateritic sandy loam 4] 197
Faizabad (UP) Silt loam 64 635
Bilaspur (MP) Clay loam 76 98
Northern region
Ludhiana {(Punjab) Sandy loam | 23 4190
Karnal (Haryana) ‘| Sandy loam | 20 200
Hisar (Haryana) Sandy loam 18 220
Western regibn
Kota (Rajasthan) Clay loam ’ 30 145
Jabalpur (MP) Black clay 79 i32
Navsari (Gujarat) Clay loam 29 169
~ Southern region
Hydcrabad (AP) Black clay
| Madurai (TN) Sandy clay. loam -

Bha\'anisagar (TN) Sandy clay loam
Chalakudi (Kcerala) Sandy loam
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Irrigation Agronomy

In order to bring down the huge irrigation requirement under continuous land submergence,
the approach of intcrmitEcpt land submergence (irrigation after 1 to 5 days after the
disappcarance of ponded water) was tested in all the regions (Table 9.3). Irrigation 3 days after
disappcarance of ponded water appears to be reasonable in most locations. This schedule resulted

i saving of 23 to 60 per cent irrigation water compared with continuous land submergence,
without significant recduction 1n grain yield. If the water table is high, as at Madhepura, irrigation

could be 5 days after the disappcarance of ponded water. Even onc day period considcrably

saved the irrigation water. Intermittent land submergence enables efficient use of rainfall and
cnables irrigating larger area with a limited water supply.

Table 9.3 Effect of intermittent irrigation
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Madhcpura (Bihar) | Sandy loam 4.03 (35) — 3.97¢16) "} 3:92 L 11) 3
Chplam (Orissa) Sandy loam 7.21(99) | 6.66 (90) 6.47 (76) | 5.85 (63)

Kharagpur (WB) |Sandy loam 6.11 (197) |5.98 (150) | 5.89 (129) | 4.99 (108)

Bilaspur(MP) Clay loam 586(98) | 5.59(77) | 5.13(70) | 4.62 (56)

Faizabad (UP) Silt loam 3.77 (65) | 2.94 (42) — e

Pantnagar(UP) Silty clay loam 8.09 (121) |7.57(112) | 7.38(90) | 6.92 (60)

Ludhiana (Punjab) | Sandy loam 5.52 (190) |5.44 (145) | 5.12(113) | 5.20 (96)

Hissar (Haryana) |Sandy loam 5.66 (220) | 5.15(196) | 4.69 (126)

Kota (Rajasthan) |Clay loam 5.41 (145) 5.05 (63)

Madurai (TN) Sandy clay loam 6.18 (82) o
Bhavanisagar (TN) | Sandy clay loam 4.95(80) | 4.16 (55)

Chalakudy(Kerala) |Sandy loam 3.45 (49) s

(Figurs in parentheses indicatc irrigation requirement mm)

Recommended Irrigation Practices _

Great cconomy in irrigation water could be achieved if suitable measures tz:ue adopted to
| economy in
ninimise the deep percolation losses. Some of the recommended practices 1o y
irrigation water usc in ricc cultivation are:

. . l
. Ricc cultivation on heavy soils with percolation below 5 mm day”

e Since the sccpage 18 proportional to perimeter of the area, rice should be grown in large
blocks instcad of in isolated plots

o Puddling to reduce soil permeability

« Subsoil compaction to minimisc dcep percolation losses .
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%

* Addition of bitumen, asphalt ctc to the 5011
e Application of tank silt to light soils

e OScrupulous land leveling. | |
s If irrigation water in not a

Adcquate 1rrigation water availability to meet the crop need could

Illlllllm__, [actor for ricc cultwatlon continuous shallow land submergence with 5 cm water
be 1deal 1o achieve the benefits of land submergence in kharif, rabi and summer scasons.

Limited irrigation water availability: Under the conditions of limited supplies, the following
phasic land submergence could be optimum both for kharif and rabi Crops:

e Mantamn not morc than 2 cm water depth at transplanting
 Up to 3 days afier planting (establishment period), 5 cm land submergence 1s necessary

* Mamtain 2 cm depth of land submergence from 3 days after planting to panicle
primordial initiation

e From panicle primordial initiation to 21 days after heading, maintenance of 5 cm
e From 21 days after hecading to harvest, gradual withholding of 1rrigation.

I the irrigation water is not adequate meet the above recommended schedule, the following
intcrmittent land submergence could be followed during kharif and rabi:

* Irom transplanting to panicle initiation, irrigations could be 3 days after the disappearance
of ponded water

e From panicle mitiation to 21 days after heading, irrigation should be 2 days after the
disappcarance of ponded water

e From 21 days after heading to a week before harvest, 1mgat10ns may be given 5 days
aftcr the disappcarance of the ponded water.

Limited irrigation water availability for summer rice crop: A short duration rice crop is
transplanted around mud-April under well-irrigation, especially in south India to meet the family
nceds. The recharging capacity of wells, generally, goes down from April onwards, thus subjecting
{he crop to soil moisturc stress around heading and grain dcvelopmcnt stagcs Thc following
irrigation practices arc suggested under such situations: |

e Sincc there is no scope to apply around 5 cm depth of water every day to the entire
ricc crop, about 2 cm of water may be applied every day to cover the cnurc arca or
irrigaton may be given on alternate days to cover the entire area.

e Il thc above practice could not serve the purpose, the crop may be 1rr1gated 2 or 3 days
after the disappcarance of the applied water depending on thc recharging capacity of

the well

e In casc thc above practices could not serve the purpose, the only alternate to save the
standing crop is to irrigating the crop by following check-flooding method of 1rTigation.

There is no scope for dividing the rice field into beds and channels using machinery s
other farm cquipment, without causing damage to standing rice crop, for check flooding. An
alternative is to usc sand.fo demarcate. plots -and forming channels for irrigation. This practlce
can minimisc the deep percolation losses relative to wild ﬂoodmg method of irrigation’ and alds"” |

mn irrgating larger arca than that with wild flooding,
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Irrigation practices for rice crop on saline sojls:
ficc 1s usually a crop of salin¢ soils. Recommended
soils are:

o Agcd‘ scedlings, which can better withstand salinity, may be transplanted in 3 cm
standing water .

e Deccp land submergence (around 8 cm) may be maintained during scedling establishment
 Pcriodical change of water to minimise salt accumulation

e Mid-scason drainage at tillering

e Since ﬂqwcring period is more sensitive to salinity, deep submergence (up to two-third
plant hcight) should be practiced during flowering phasc

e Flowing irnigation (flowing water from field to ficld) minimises accumulation of soluble
salts.

The dwindling watcr resources suggest irrigated-dry crops during rabi and summer scasons

instcad of a rice crop as at present. Such a shift in cropping system leads to cfficient use of
scarcc 1rrigation water to mect the increasing food needs of the country.

9.1.2 WHEAT

Wheat scason commences after withdrawal of monsoon cither as rainfecd crop on stored
soil moisture or as an irrigated crop. Studies on irrigation requirements of wheat are based on
depletion of available soil moisture (DASM)), critical growth stages for irrigation and climatological
approaches.

On sandy loam soils of I-l{isar, four irrigations, onc cach at crown root initiation (CRI),
lowering, milking and dough stages produced highest yicld as against onc irigation at CRI. At

Morcna, on the other hand, five irrigations resulted in highest yicld (Table 9.4).

Table 9.4 Wheat yield (t ha™l) in relation to irrigation at
0).

If irrigation water is not a limiting factor,
management practices for rice crop on such
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CRI+M
CRI+M+F
CRI+LJ+M
CRI+B+M
CRI+F+GF
CRI+LJ+M+D
CRI+F+M+D
CRI+T+J+F+M

B B W W W W NN

crown root initiation, F =flowering,

exclusive of presowing irrigation GF = grain filling, J = jointing)

(Irreation requirement 1S v
i tiliering, B = boot,

M = milk, LJ = late jointing, D = dough, T =
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The IW/CPE approach has been cﬂ’cclivelyicmploycd for scheduling irrigation to wheat

crop. Grain yield of 4.6 ¢ ha™! at Navsari and 4.1 t ha-! at Rahuri was obtained by scheduling

irrigation at IW/CPE ratio of 1.05, which required 7 and 5 irrigations of 6 cm deep, respectively
(Tabic 9.5).

Table 9.5 Wheat yield and irrigation nceds at optimum
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Bclvatagi (Karnataka) | Clay
Bikramgan) (Bihar) - .
Bilaspur (MP)
Chiplam (Orissa)
raizabad (UP)

Hisar (Haryana)
Kharagpur (WB)
Kota (Rajasthan)
Madhipura (Bihar)
Navsar1 (Gujarat)
Pantnagar (UP)
Rahur1 (MS)
Parbhani (MS)

Sandy loam
Sandy loam
Sandy loam
Silt loam

Sandy loam

Silt loam

Clay loam
Loamy sand
Clay

Silty clay

- Clay

Clay loam

|

Sriganganagar

(Rajasthan) Sandy loam

3 . g er studies at dj _
indicated necessity for irrigation at CRI, CRI and tillering, CR], tillering and flowe :g;re(;l:pplaces
» UlpCn

on the availability of irrigation water, for realising optimum wheat yicld ding

Recommended Irrigation Practices

Bascd on the results of experiments, the fol

lowing general conclusi
e A .. cral conclusions ¢
irrigation practices for wheat: ' | , *_:an be drawn on
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Table 9.6 Critical Stages for soil moisture stress and irrigation
nceds depending on the availability of water.
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2 CRI + late jointing (L))

3 CRI + boot (B) + milk (M)

4 CRI + late tillering (LT) + LJ + flowering (F)
5 CRI“+LT+LI+F+M

6 CRI + LT + LI+ F+M + dough (D) ;

( Ifmatololgical approach: As indicated already, this approach has been tested extensively under i
different conditions. .
e Scheduling irrigation at IW/CPE ratios of 0.9 to 1.05 with 6.0 cm depth is idcal for =
optimum yield. Depending on the climatic conditions, 4 to 6 irrigations may be nccessary

during the season. S

e When the available irrigation water cannot meet the above schedule, irrigation may be
scheduled at 0.9 ratio at CRI and at 0.6 during other stages for highest water use
ciliciency. |

e Under situations of acute water shortage, IW/CPE ratio of 0.6 requiring 3 irrigations =~

at critical stages (CRI, boot and milk stages) appears to be the minimum requircment = =

for recasonably good yield. M
Dcpletion of available soil moisture approach: This approach is still the usual approach for =
scheduling 1rrigation. R

S M
-r. 5 vi{-t:} :.f?:“_:

e When irrigation water is not a limiting factor, scheduling 1rrigation at 25 per cent DASM *fex%
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in the casc of light soils and at 40 per cent DASM in the casc of heavy soils h
be ideal for high yield. . AL
e Undecr the conditions of limited irrigation water availability, scheduling irrigation at '_‘
and 60 pcr cent DASM could be adopted for the crops on light and heavy E_L‘sgiilgﬁg ‘w
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respectively e ;
e The other alternative is to irrigatc the crop around 50 per cent DASM at CRI ;

75 DASM during other critical stages. e
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Among the millets, maige is grown as irrigated crop through out the country, especially ©
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during winter and summer s€asons. Sorghum, fingermullet apd pc?arlmlllet arc occasi.o?}?lly BIOWI k
as irrigated crops during rabi and summer scasons, especially In squthern parts of the a,
As such, work on irrigation needs of mullets, except maize, 15 limited. - B

R
Maize: Most critical stage for irrigation is flowering period (15 to 20 days) 1nc:i}uf11ngd
silking and pollination. Greatest decrease in prain yield is caused by water deficits during this &

stage. mainly duc to reduction in grain number per cob. During the five weeks ﬂlatfifqllc;i__. _

lasscling, water usc is about 30 per cent of the scasonal requirement. It has bcen shown,tha
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two during tasseling or

_ : | o : r
when soil moisture 1s depleted to wilting point, even for a day © continuous for a

n y | ‘ strcss
pollmation, gramn yicld will decrcase by around 20 per cent and if the
week, yield reduction will be around 50 per cent.

' ek at 1.0

[rrigation schedules based on IW/CPE ratio at Madhepura anfi Pl}sadm?l;agc? ht:‘alt (Table

ratio, wiiter maize required 4 and 5 irrigations, respectively for grath yigad 3 10 O irrigations.

9.6). Al Morcna, grain yicld of 5.22 t ha-! was obtained at 0.9 ratio, requiring e o
Bascd on the results of experiments, the following conclusions can be drawn on waler

practiccs [or maize:

rrigat) ‘ - ASM or
e [[ irmgation watcr is adcquate, irrigations may be schcdulef:l at 25 per ccntAfiound e
at IW/CPE ratio of 0.9 or 1.0 through out the growth period of the crop.

irrigations arc required depending on the soil type

Table 9.6 Performance of major millets at optimum
I'W
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Pusa (Bihar)

Madhcpura (Bihar) Sandy loam
Rahurt (MS) (lay loam
Faizabad (UP) »1lty loam
Morcna (MP) (Clay loam
Hydcrabad (AP) Sandy loam
Dharwad (Karnataka) Black clay
Coimbatore (TN) | Sandy clay loam
Kota (Rajasthan) g Clay loam

Kota (Rajasthan) Kharif i Clay
Navsar1 (Gujarat) Summer f Black clay
Parbhant (MS) Kharif | Black clay
Rabi Black clay
Dharwad (Karnataka)Rabi | Black clay
Bhavanisagar (TN) Kharif | Sandy loam
Rahuri (MS) Rabi Black clay

Pearimillet

Sriganganagar (Raj) Kharif
Kota (Raj) Kharif '
Rahuri (MS) Kharif

Hydcrabad (AP) Rabi

Sandy loam o
Sandy loam
Black clay
Sandy loam




2960 ln,’ga“'on Agronomy

e Under conditions of limited irrigation water availability, the above schedules may 0%
followed at ﬂowgrmg period (15 to 20 days) including ta;scling, silking and pollination. &,
During other periods, irrigations may be scheduled at 50 per cent DASM or at afl W/ |
CPE ratio of 0.75. This practice may require about 8 irrigations

e Even if irrigation water is adequate, it would be wiser to adopt critical stages approach
for increasing the area under irrigation without significant reduction in grain yield.

Sorghum: This crop 1s mainly a rainy season crop on light soils or a postrainy secason CTop on

stored soil moisture of deep black soils. Very rarely it is grown as an irrigated crop during rabi
and summer scasons.

Seedling, primordial and flowering stages are the critical stages for soil moisture Stress. At

Siruguppg (Karnataka), one irrigation at 75 per cent DAMS was adequate for kharif crop on
hcavy soils. However, summer crop gave highest grain yield when irrigations were scheduled at

50 per cent DASM, requiring 550 mm water in 9 irrigations (Dastanc ct al 1970). Optimum
[W/CPE ratio and number of irrigations to sorghum crop varicd widely from region to rcgion
(Table 9.6). Only one irrigation scheduled at 0.4 ratio produced highest grain yield (4.02 1

hq‘l) of kharif sorghum at Parbhani (Maharastra). On sandy loam soils of Bhavanisagar, grain
yicld only 3.01 t ha-! at 0.4 ratio, requiring 5 irrigations.

The following gencral conclusions may serve as a guide for irrigation water management
of sorghum under different soil and climatic conditions:

e If irrigation water is adequate, irrigation schedules at 50 per cent DASM or at IW/CPE
ratio 0.75, all through the crop period, could be ideal for high grain and fodder yicld
of sorghum during rabi and summer seasons. Depending on soil type and climate, 7
to 9 irrigations may be necessary '

o During years of deficit supplies, irrigation schedules at 50 per cent DASM or at TW/
CPE ratio 0.75 at scedling, primordial and flowering stages and at 75 per cent DASM
or at 0.4 TW/CPE ratio at other stages could be ideal for optimum grain and fodder yield
during rabi and summer scasons. About 4 irrigations could be adequate with this

irrigation schedule!

The following water management practices could also serve the same purpose as that of
the above. |

e If water supply is adequate for only one irrigation, it should applicd at primordial stage

e If water supply is adequate for two irrigations, they should applied at scedling and
primordial stages '

e If water supply is adequate for three irrigations, they should applied at seedling, primordial
and flowering stages _ y

e Four irrigations, onc cach at scedling, primordial, flowering and grain development

stages leads to optimum yield. '

Pearlmillet: Arca of pearlmillet, both under rainfed and irrigated conditions, has progressively
decrcased during the last fifteen years duc to introduction of more remuncrative crops. Still,
considerable arca exists under irrigation, especially in southern parts of the country during
summer scason (April-Junc) as transplanted crop. Much attention .has not been paid for_ 1rrigation
management of the crop. Scheduling irrigation at TW/CPE ratio of 0.75/0.80 required three

irrigations for an yield of 2.8 ha~! during kharif at Kota in Raj a§ﬂ13n (Table 9.6). At Hyde,r_,a,b_ad
(AP). rabi pearlmillet could produce 2.2 t ha™ with 10 irrigations. ¥AS
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| et - 'S * ‘ - Schedulin
tlowering and grain development stages are most sensitive for soil moisture su;eESASS v durinz
irrigation at 50 per cent DASM during moisture sensitive stages and at 75 per cen

' . L. availablc
other stages appcars to be optimum under scveral situations (Reddy 2004).- Basid on thrc;millCt .
mformation, the following conclusions can be drawnon irrigation practices for pca .

e Undcr conditions of adequate irrigation water availability, Sght::dulimg irrigation a:i 501 ;;cr

~ cent DASM all through the crop period, requiring J to 7 irrigations could be 1dea 1_or

high grain yicld of transplanted crop during rabi and summer scasons. If scheduling

is based on IW/CPE ratio, 0.75 ratio all through the crop period could be as good as
the above for optimum grain yield

e Al umes of deficit water supplies, scheduling irrigations at 50 per cent [_)AS_M' duf‘ing
moisturc scnsitive stages and at 75 DASM during other stages or schcdu'lmg irrigations
at IW/CPE ratio of 0.75 during moisture sensitive stages and at 0.4 ratio during othcr

stages could serve the purpose without significant reduction in grain yicld

e For transplanted summer pearlmillet, 6 irrigations, onc cach at planting, a wcek after
planting, three wecks after planting, panicle initiation, flowering and grain development
arc 1dcal, 1l water supply 1s not a limiting factor

o Under conditions of deficit supplics, three itrigations (planting, tillering and flowering)
can optimisc the grain yield during summer scason.

Fingermillet: Among the small mullets, fingermillet is the only crop grown under irrigation to
a considecrable cxtent during rabi and summer seasons, especially in south India. During rainy
scason, onc or two supplemental irrigations, at times of drought spells, can double the yield of
[ingcrmullet. Tillering, panicle initiation and grain development stages are sensitive to soil moisture

stress. The following irrigation schedules may serve as a guide for irrigation water management
of fingermillet under different situations: :

o If irrigation water is not a limiting factor, 7 irrigations at 10 days interval during rabi

and 9 1rrigations at 8 days interval during summer can meet the crop nceds for high |

prain yicld

e Under conditions of limited water supply, a minimum of 3 irrigations '(tillering, panicle

initiation and grain development) are necessary for economic crop production during
rabi and summer scasons

e Undecr conditions of adequate 1rrigation water availability, scheduling irrigation at 50 per
cent DASM all through the crop period could be ideal for high grain yield of transplanted
crop during rabi and summer scasons. If scheduling is based on IW/CPE ratio, 0.75
ratio all through the crop period could be as good as the above for optimum grain yield 3

e At times of deficit water supplies, scheduling irmigations at 50 per cent DASM during
moisturc scnsitive stages anql_at-75 DASM during other stages or scheduling irrigations
at IW/CPE ratio of 0.75 during moisture sensitive stages and at 0.4 ratio during other

stagcs could serve the purpose without significant reduction in grain yicld
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Puisc crops have long tap root system, which aidié;-' n sqﬂ; moisture use from de dpér-,layb g
Hencee, they can withstand prolonged soil moisture stress and are rarely irrigated during raiie

scason. Pulscs grown after kharif rice crop (rice --fallqw pulses) and those grown on black cotton

during raifyy - -
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LN *..&ml_s. as postrainy $cason Crops arc a!SO not 1rri
a limited cxtent, arc given limited IrTigations de
Henee, not much progress has been

9.2.1 PIGEONPEA

Irrigation Agron omy

gath. Only rabi and summer crops,,,_gro‘v‘\fn o
S depending on the availability of irrigation watcr.
made in water management practices for pulsc crops.

\.

Among the pulse crops, kharif pigeonpea may be the only crop, which receives irrigation

duc to 1ts longer duration, cxtending up to January
rcason for irrigating the kharif sown crop is that
06 to 7 months.

On sandy soils of Morcena, three irrigations

/ — February (postrainy scason). The other
it gives 2 or 3 flushes of crop harvests 1n

(cach 7.5 cm depth) at IW/CPE ratio of -0.9

resulled in seed yield of 2.0 t ha-l. However, at Rahuri 10 irrigations (each 5 cm dcep)
s?hcdulcd_ at 0.75 ratio produced optimum vyield of 4 34 t h;"l from 3 flushes. At Navsari and
1\91_51. optimum ratio was 0.6 requiring 2 and 4 irrigations respectively (Table 9.7). In the absence
of un‘lcly rainfall, onc irrigation at flower initiation and another at i)od development can double
the yield of rainy scason crop. Response to irrigation 1s, generally, more consistent in postrainy
scason crop on stored soil moisture. Three irrigations at monthly intervals can double the yield
on light soils, while more than two may not be necessary for the crop on medium and deep soils

during postrainy scason.

Table 9.7 Sced yield of major pulses at optimum IW/CPE ratio (Yadav et al 2000).

o " & ']

Morcna (MP)
Kota (Rajasthan)
Navsari (MS)
Rahur1 (MS)

Sandy loam. K
Clay.K

Clay. K

Claf)‘f. K

Pantnagar (UP) Silt loam. S

| Dharwad (Karnataka)| Heavy clay. K

Bhavanisagar (TN) | Silt loam. S
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0.75/0.80

0.60

0.75/0.30

1.42
1.32
Lol

30.0
6.0
22.0

38.2
6.9
26.5

Blackgram ;

Bhavanisagar (TN) |[Sandy loam. K

Chalakudi (Kerala)
(K = kharif, S = summer)

Silty loam. S

4 (9) 0.60
5 (3) 0.75

36.0
15.0

1.14
0.65

Suggested water management practices for pigconpea crop during postrainy scason are:

e In the abscnce of adequate rainfall after

(sccond or third flush of flowering) and another at pod development can

yicld of kharif sown crop

October, onc irrigation at flower mitiation
double the
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- on stored
| T, oo SRR - .\ postrainy scason Crop : :
* - Response to irrigation is, generally, more consistent 10 pdoublc the yicld on light soils,

soil moisturc. Three irrigations at monthly intervals can odium and deep soils
while morc than two may not be nccessary for the Crop OR

during postrainy scason b s
sl It e g . ' - may requirc
e Scheduling irrigation at IW/CPE ratio of 0.75 during postraiy S¢asof o
or three irrigations for optimum yield

e Il irrigation is scheduled based on DASM, 75 per cent depletion level req
irrigations could be adequate for optimum yield.

9.2.2 CHICKPEA

Around 60 per cent of the chickpea area in the country is rainfed, espemal!y as a postralpy
scason crop on rceeding soil moisture in black soils. The crop responds to ir.rigat'u‘:)n on light soils
of north India, particularly if winter rains arc scanty. Even under drought cc')nd;tlor_ls, more th_an
(Wo irrigations arc not nccessary. Where evaporative demand 1s high as 1n Peninsular Indm,
irngation can double the yicld on relatively light soils. However, under conditions of low evaporative
deinand-as 1n north hidia, ‘irrigation leads to excessive growth and lodging.

Branching, 45 days afler sceding (DAS), and pod formation (75 DAS) are the critical stages
lor soil moisture stress. Suggested irrigation management practices are:

Il irrigation watcer is adequate, four irrigations (seeding, branching, flowering anf;l pod
lilling) appcar to be adequate for a crop on light soils. Generally, irrigation is not
rccommended for a crop on deep black cotton soils

e Under condition of limited availability, two irrigations (branching and pod formation)
can give cconomic yicld on light soils

o Scheduling irrigation at 0.5 IW/CPE ratia or at 75 per cent DASM, requiring 2 to 3
irrigations is cqually cffective as that of critical stages irrigation -

uiring three

* Chickpea 1s very sensitive to soil salinity. Irrigation water with saline water that has
10 _mmhos cm™! can reduce the yield by 60 per cent.

9.2.3 GREENGRAM AND BLACKGRAM

These two crops arc grown as rainfed crops during rainy scason. As such, they will not
respond (o irrigation unless there 1s prolonged dry spell at critical stages for soil moisture stress.
Postramy scason crops grown with stored moisture on black cotton soils also will not receive
any irrigation. These crops are grown as irrigated crops during summer in northern parts of the
country and in winter in southern parts. In dejta arcas of south India, these Crops are¢ grown
as rclay crops with kharif rice without any irrigation. | =3 da

[lowering and pod dcvelopment stages arc sensitive to soil moisture stress. In general,
ramy scason crop did not respond to irrigation at several places. Summer crop required 3 to 4
irrigations at IW/CPE ratio of 0.60 for normal yicld at different locations. Recommended Irrigation
practiccs arc: '

 Under conditions of adequate irrigation facilities, four irrigations, one each at sowing
. E

~winter and summect seasons *

e Il irrigation waler 1s limiting, a presowing irrigation followed by another e 48
- flowcring can result in ncar optimum yield of ‘winter and summer crops .

branching, flowering and pod development are adequate for -optimum. yield: during’ = -



77260 '
Irrigation Agronomy

e Scheduling irrigation at 50 per cent DASM during flowering and pod formation and at

75 per cent DASM during other st | ‘
. . ages could be as effect - imcs of
doficit water supplies cctive as the above, at t \

E

e There mZYdHOt bcl 1311)’ ncccssit).z for irrigating thesc crops during rainy scason unlcss
prolonged dry spells occur during the critical storages for soil moisture stress.

Other le_lSC. Crops l_ikf_’ cowpcea, kidney bean and lentil are of little importance as irrigated
crops. The principle of irrigating these crops is same as that for greengram and blackgram.

9.3.1 GROUNDNUT

Groundnut, largely a rainfed crop during kharif, is not urrigated in major groundnut producing, - °
states. In recent years, however, there is cmphasis for rabi and summer irrigated groundnut
crops, which accounts for about 20 per cent of total production. Water management for
eroundnut crop is complicated due to prolonged flowering period with two to three flushes of

flowering. It is not uncommon to observe the crop with flowers, pegs, developing pods and
mature pods at a time, especially when the crop is subjected to soil moisture stress at first or

sccond flush of flowering. .

Flowering, pegging and pod developmental stages (flowering to pod development) are considered
sensitive to soil moisture stress. Results of experiments indicated nccessity for scheduling irmgations

at 25 per cent DASM through out the crop period for high pod yicld of groundnut on sandy loam
soils. Irrigating the crop at 25 per cent DASM from pegging to ecarly pod development and at
50 per cent DASM at other stages appears 1o be ideal for high water use efficiency without

significant reduction in pod yield. An [W/CPE ratio of 1.0 at moisturc scnsitive stages and at 0.6
during other stages leads to high water use efficiency (Prihar and Sabdhu 1987). £

At several situations, 10 to 12 irrigations at 10 days interval resulted in highest pod yield.

On sandy loam soils, seven irrigations: presowing, 25, 35, 45, 35, 70 and 90 DAS appears to
be optimum for high yicld. From the results of experiments at several situations, urigation

practices for groundnut can be summarised as indicated below: 2 5
. ol Y

Critical stages approach
e Presowing irrigation (stand establishment) and no irrigation up to three weeks after

sowing ' el

Starting from threec weeks after sowing (flowering to pod formation), five: irrigations
at 10 days interval. G
e Last two irrigations (pod development) at 15 days interval.

DASM approach
e Irrigation at 25 per cent DASM, cspecially for a crop on sandy loam soils, throug,'hr out
the crop period if irrigation water is not a limiting factor 1

e No irrigation up to three weeks after sowing. From three wecks after sowing up 10 pod
development, irrigation at 50 per cent DASM followed by 1rrigation schedules at -_‘75 per

cent DASM up to pod maturity.

A A
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IW/CPE approach

e Irmigation at IW/CPE ratio of 1.0, especially for a crop on sandy loam soils, through
out the crop period if irrigation water is not a limiting factor

e Norrigation up to three wecks after sowing. From three wecks atter SOWINg up to pod

devclopment, irrigation at IW/CPE ratio of 0.75 followed by irrigation schedules at ITW/
CPE ratio of 0.6 up to pod maturity.

9.3.2 RAPESEED AND MUSTARD

Brassicas arc responsive to irrigation due to scanty winter rainfall. About 60 per cent of
the total arca under the crop is irrigated. Among the brassicas, raya 1s most responsive 1o
irrigation.

Flowcring and pod formation stages of mustard are fiost sensitive to soil moisture stress.
Irrigation at these stages increases the seed yield by 30 per. cent (Gangasaran and Giri 1985).
Additional 1rrigation 30 DAS may be given, if irrigation water is not a limiting factor. Scheduling

irrigation at 75 per cent DASM was adequate on sandy loam soils of Punjab (Prihar and Sandhu
1987). However, scheduling irrigation at 40 per cent DASM was beneficial. Scheduling irrigations
at IW/CPE ratio of 0.6 at Kharagpur and at 0.8 at Pusa resulted in higher mustard yield. As per
phonological stages, mustard nceded one irrigation 30 DAS' at Morcna and Ludhiana, onc during
llowcring at Pantnagar and two at flowering and pod devclopment at Navsarl. Based on the
available mformation, the following irrigation management practices can be recommended for
rapcsccd and mustard:

e Mustard crop nceds only three irrigations, one each at 30 DAS, flowering and pod .
formation, for high yicld even if irrigation water is not a limiting factor |

e [l irrigation water 1s a limiting factor, only two irrigations at flowering and pod
dcvclopment can optimise the mustard yield

e Scheduling rrigation at 50-'pcr cent DASM at the above three stages 1s ideal. If
irrigations arc scheduled based on IW/CPE ratio, 0.75 ratio could be optimum at most
situations | pLIRaR

e Under the conditions of limited irrigation wafer, scheduling irrigations at 75 per cent
DASM or at IW/CPE ratio of 0.6 increases the water use efficiency. R

9.3.3 SUNFLOWER

Sunflower is, gencrally, sown during June in kharif, September — October in rabi and in
January as summer crop. Sunflower will not respond to irrigation during rainy secason unless
prolonged dry spells occur during critical stages for water deficits. Response to irrigation during
rabi and summer varies depending on the soil type and weather conditions. Responsc is more

pronounced in summer than in rabi. % ,
Critical stages for irrigation are, bud mtiation (30 to 40 DSA), flower opening (45 to 55
DAS) and sced filling (60 to 85 DAS). Flower opening stage is the most critical stage for soil
moisturc strcss. Three irrigations (6 cm depth) at these three critical stages resulted in highest
vicld of 2.5 t ha! at several locations during rabi. Summer crop, however, responded to another
irrigation at disc formation stage (60 to70 DAS). ?
[rrigation at 50 to 60 per cent DASM was optimum both- for rabi and summer crops at
scveral places (Reddy 2004). During rabi, sunfiower crop required only two irrigations (7.5 cm
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%L]L)[lll)flil lW/(l;PlIE rat‘llo 0{( 00.16 i black soils as against four irrigations (6 cm depth) at 1.2 IW/
PE ratio on light soils (Yadav et al 2000). In general, for a summer crop IW/CPE ratio of 0.80

(6. cm depth) appears t0 be optimum at -
¥ _ _ several locations. F P eas et U
different locations, the following irrigation practices can be Srl?gr’r;cg:gd.rcsults of cxperiment at i

e Under conditions of adequatc water availability, irrigation at 12 tol5 days interval 1n

black soils and at 10'tol2 days interval in light soils is optimum for high yield

e If irrigations are to be scheduled based on DASM, 40 per cent level of depletion will

be optimum when water supply 1s not a limitin
' g factor. If the schedul cd on
IW/CPE ratio, 0.75 rato will be optimum e N

- e At times of dcficit water supplies, three irrigations (6 cm depth) at three critical stages

of bud initiation, flower opening and seed filling could be optimum during rabi. Summer
crop, however, require another irrigation at disc formation stage.

& Sghcduling irrigation at 50 per cent DASM or at 0.75 IW/CPE ratio during the three
critical stages and at 75 per cent DASM or at 0.5 ratio during other stages can minimisc
the irrigation neceds at deficit water supplies.

9.3.4 SOYBEAN

Soybcan is a kharif rainfed crop in northern parts of the country. In central parts, it 1s largely
orown as summer irrigated crop. It is grown as postrainy scason Crop on stored soil moisture in
black cotton soils and as irrigated crop during summer in southern parts of thc country.

In general, kharif crop may not receive irrigation, except at times of prolonged drought,
I facility exists for rrigation. Critical stages for irrigation are flowering and pod dcvelopment,
when the crop needs around 8 mm per day. Soybean has extended period of flowering. The late
lowers developing into mature pods can compensate carly flower drop duc to soil moisture
stress. Scheduling irrigation at 50 per cent DASM or at 0.6 IW/CPE ratio is optimum for
sovbean. At these levels, light soil needs irrigation once in 10 to 12 days and hcavy soils once
in 18 to 20 days (Reddy 2004). Decpending on the level of management, the water usc cfficiency
ranges from 0.4 to 0.7 kg m-3. Recommended irrigation practices are:

e Where irrigation water 1s not a limiting factor, scheduling irrigation at 50 per cent
DASM or at 0.6 IW/CPE ratio is optimum for rabi and summer soybcan. At these
lovels. light soil needs irrigation once 1n 10 to 12 days and heavy soils once n 13 10

20 days |
o At times of deficit water supplies, irrigation may be scheduled at 50 per cent DASfM
or at 0.6 IW/CPE ratio at critical stages and at 75 per cent DASM or at 0.4 ratio during
other stagcs gl

o If water is available for only one irrigation, it should be applied at 1'atc: ﬂqwcring'whcn
small pods begin to appear. If there is scope for two irrigatlons,.ﬁrst irrigation should _bc
a presowing irrigation for adequatc stand cstablishment in addition to the above. A third

irrigation where possible will give best results if given at the beginning of pod filling. L

'9.3.5 CASTOR

| g _ b
Castor is usually a kharif rainfcd crop and 1t rcspgndg to 1r1ga i
drought spells during the crop scason. One or two irrigations during the drought period can

double the yicld. Supplemental irrigations, if drought persists, must be given at primary spike
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development or sccondary spike initiation. Flowering and sced developmental stages arc considered
critical stages for Irrigation.

Improved varictics and hybrids arc grown as irrigated Crops during rabi, C_SPCCla“.V in
Andhra Pradesh, Gujarat and Maharastra Castor can extract moisture from decper soil layers due

lo 1ts dcep root system. As such, it is desirable to g1ve relatively heavy irrigations than frequent
light 1rmnigations. Sugpgésted urigation schedule for rabi castor 1S:

e If the water supply is adequate, first irrigation must be given 50 DAS or around full
[lowering of primary spikec. Subsequent irrigations may bc given at an interval qf 20
days. A crop of 180 days duration requires around 6 irrigations for optimum yield.

* At times of deficit watcr supplics, first irrigation must be given at primary spike
dcx*clopmcnt or sccondary spike initiation followed by one or two 1rrigations during
[lowering and seced formation '

* Ilirnigations are to be scheduled based on DASM, 50 per cent level should be at critical
stagcs and 75 per cent level at other stages

®

Af‘ IW/CPE ratio of 0.6 could be ideal at times of adequate water supply and a ratio
ol 0.4 appcars to be idcal at times of dcficit water supplies.
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scason. Wider row spacing for these two crops 1s conducive to drip irrigation system for
cilicient use of scarce irrigation water.

9.4.1 SUGARCANE

Watcr usc cfliciency of sugarcane under field conditions is low (0.4 to 0.6 t ha-cm™1). It
can be ncrcased to 1.0 t cane ha-cm™! of water with appropriate water management practices.
Studies on critical stages of sugarcane of water at IISR, Lucknow indicated that tillering, grand
period of growth and carly ripening stages are most critical for irrigation (Singh ct al 1976).
Irrigating February planted cane crop at 25 per cent DASM requires 10 irrigations and at 50 per
cenl. 7 armigations. Irrigation- at 80 per cent leaf sheath moisture content produced highest cane
vicld at Caddalore. Scheduling irrigation at IW/CPE ratio of 0. 7 was optimum for high canc

vicld. Numcrous studics conclusively proved beneficial effect of trash mulch in minimising the
urigation nceds of sugarcanc.

Studics on drip irrigation during late 1980s at Rahuri indicated saving of 64 per cent
irrigation water comparcd to furrow method and produced 12 per cent higher cane yield
(Tablc 9.8). |

1

[

(]
LY
L

Surface irrigation

Drip-onc day interval

Drip-two day mnterval

Drip-three day interval
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Irrigation interval of one day with drip method j

ddyv’s terval. Even three days ipterval gave higher
naircd row planting in drip method was better th
minimising cost for drip systcm with paired row
~cont less water without significant yicld reductio

S better than daily irrigation or two to three
yield than surface irrigation. Cane yield with
an all surface treatments, indicating scope for
system. Paircd row planting required 26 per ViR
n. In spite of marginal yield advantage, pit !

mcthod requires substantial labour and hence ' ted -

mcthoc | not economical. i

irrigation practices are: S . ‘
s Premonsoon is the crucial period for irrigation in tropical and subtropical regions }

e Tillering, grand growth period and early ripening period are more sensitive to soil

moisture stress. At times of deficit water supplies, irrigation must be provided at least
during these stages

I{ 'irrigaticm water 1s not a lim.iting factor, sugarcanc nceds 8 to 12 irrigations dur'mé
rainy scason and 8 to 14 during postrainy period in tropical regions. In subtropical

regions, irrigation 1s not necessary during monsoon period, while 2 to 3 urigations arc
nceded during postrainy period

® ?n peneral, scheduling irrigation at 50 per cent DASM or at IW/CPE ratio of 0.75 1s
idcal, if there is no scarcity for urrigation water

e (enerally, a dryin_g off period of 4 to 6 weeks prior to harvest has to be allowed

e Alternate day drip irrigation increase the cane yield and decrease the irrigation nceds by
more than 50 per cent compared with surface irrigation, Paired row planting considerably
bring down the cost of drip equipment and reduce the irrigation nceds by about 25 per

cent compared with surface irrigation.

9.4.2 COTTON

More than 75 per cent of the arca under cotton in India is entircly depending on rainfall
during monsoon period while supplemental irrigation is available for about 25 per cent. Supplemental |
irrigation is, generally, given for American and hybrid cottons, depending on the availability of

irrigation water.

To restrict the excessive vegetative growth during early phase, maintenance of relatively
dry soil moisture regime (75 ‘per cent depletion level) 1s necessary. At flowering, soil moisture
regime should be regulated to control vegetative growth in relation to reproductive growth. Water
deficit from onset of flowering to peak flowering may cause more negative effect on yield as
compared to that occurring after pcak flowering. With severe water deficits during late flowering
and carly boll formation, boll shedding can be excessive. Moderate deficit during flowering to
restrict vegetative growth Icads to good boll <ctting and higher yicld despite a reduction in flower
number. Squaring to pcak flowcring is considered critical to soil moisture. :

The scope for water cconomy and yicld advantage with drip irrigation was studied at
Parbhani (Yadav ct al 2000). Paired planting pattern (60-60 x 120 cm) was adopted to reduce
the cost of drip system and compared with normal planting (90 x 90 cm) for cotton. Scheduling
irrigation at IW/CPE ratio of 0.8 by drip system resulted highest cotton yicld (Table 9.9).
About 10 per cent saving In irrigation water and 10 to 21 per cent yield advantag§ was recorde‘d
with drip as compared with furrow method. As indicate already, controlled moisture strcss 1s

~dvocated for cotton since stress leads to carly maturity. Results of e?cpcriments at Hisar
ndicated that such controlled stress could be better managed with drip system than with

(urrow systcm.
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Altecrnate furrow irrigation. Normal planting (90 x 90 cm)

From the available information, the following irrigation practices can be advocated for
cotton crop:

* OSquaring to pecak flowering is considered critical to soil moisture

 Irrigations may be scheduled at 75 per cent DASM during vegetative pbaSc to check
the cxcessive vegetative growth. During flowering, 69 per cent depletion levc;l can
check vegetative growth without significant reduction in final yield

¢ Scheduling irrigation at 50 per cent depletion level during squaring (boll. formation) and
maturation is necessary for high yield and quality fiber

* At times ol deficit water supplies, two 1rrigations during boll filling and maturgtioh T
minimisc the yicld loss duc to stress *

s Paircd row planting and drip irrigation can bring down the irrigatipnng;_eds considerably.
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air relationships

nd deccrcasc in crop productivity. Irrigation aspects of problem soil, waterlogged soils and use
ol _ . _

of poor quality irrigation water for crop production are briefly discussed.

9.5.1 PRACTICES FOR SALT AFFECTED AND BRACKISH WATER

Unfavourable soil-air .rclatior-}s__ afld- accum_tﬂat__i:gn_f of certam 'elen;enfs 1n toxic 'propéﬁiqﬁs | in
plants limit crdp growth on _ralkal_i -50}15.__ A]kal; s'01'ls have .IOW.._lnﬁl.tra_tIQfl | t_l;a_t‘es_,i regltpc‘gdirwlalte; |
availability and poor water transmission lo growing roots. Thése conit,réllilE ‘;’a;:) = co:'l’essolted&
walter management practices. On coastal saline soils, 3-4 cn water a > 0L OU mm resulte



- times. Thus, waters with EC -of 12 to 16 dS m! could be used for tolerant and semitolerant
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in_ x\'hc_::al yield advantagC over two normal irrigations. At Ludhiana, light and frequent irrigation
with 5 cm depth was advantageous than less frequent irrigations (Bhattacharya et al 199%).. .

Accumulation of salts 1s closely associated with soil texture. In gencral, accumulations of )
salts n a soil under normal drainage increase from coarse to fine textured soils by about twWo

crops like wheat, barley and mustard in coarse textured soils with an annual rainfall above 400
mm (Manchanda 1993). However, water with EC of more than 2 dS m~! often create salinity
problem in fine textured soils. Saline waters up to 6 dS m-! for pearlmillet and cotton and up
to 12 dS m! for wheat, barley and mustard can be used through sprinklers on undulating light
textured soils, provided sprinklers are run during cool hours in summer (Garg and Gupta 1995).

These are situations where limited quantities of good waters are available in addition to
salinc water resources. These two supplies should cither be mixed to bring the EC within
pcﬁrmissiblc limits or uscd in alternate irrigations. The former option requircs mecchanism of
mixing and several issues relating to decision on the mixing ratios. Potato yiclds did not differ
considerably due to alternate irrigation with canal water and well-water with EC of 6 dS m~!
(Yadav 1982). Wheat and rice yields did not differ significantly duc to one irrigation with
brackish water after two irrigations with canal water of good quality (Gupta et al 1995). Seeding
on conserved soil moisture or irrigation with good quality water during seed establishment and
poor quality water at later crop growth stages is a good strategy under conditions of limited canal
watcr availability. In arcas with brackish groundwater, a reduction in canal water supply by at
lcast 20 per cent would go a long way in reducing harmful effects of high water table, besides -

saving {rcsh water for needy arcas.

9.5.2 PRACTICES FOR HIGH WATER TABLE, WATERLOGGED AND FLOOD
AFFECTED AREAS

Adcquate drainage and efficient on-farm water management assume significance to sustain
crop production on long term basis. Good quality groundwater at shallow depth considerably
minimisc supplemental irrigation, provided groundwater table is about 50 cm. Under such situations,
onc irrigation at crown root initiation is adequate for wheat. If the water table i1s medium (100-
150 cm) two to three irrigations are adequate for wheat. There was significant reduction 1n’
irrigation nceds of rice at Pantanagar when the water table was 50-100 cm (Agarwal et al 1997).

Choice of crops for flood prone arcas 1s closely related to depth and duration of water
stagnation, receding duration of floodwaters, soil type, salt tolerance of crops, quality and
quantity of irrigation water and other management practices. Rice and sugarcane crops perform
betier than other crops in flood prone areas. It the recession time of water is relatively longer, »
rice is ideal than sugarcane. All the crops need reduced depth and frequency of irrigation
depending on duration of flooding, Sprinkler and drip irrigation systems can reduce -excessive

irrigation relative to flood irrigation.

e Lowland (irrigated) rice requires more water than other crops of similar dur_ation flue‘-' to
~ontinuous land submergence. Depending on the environment In whigh the crop is cultivated,
50 to 70 per cent of the applied water is lost in deep percolation. Rice crop has !)een found
to perform better under the conditions of land submergence largely due to r§lanv?ly weed
(rcc environment, increascd availability of nutrients and reduced loss o_f applied nitrogen.



267
Imgation rractices for Major Fieid Crops

o Grcal cconomy in 1rrigation needs of rice could be achieved if suitable ﬂcasmcsa:ﬁt;d;ptii
lo mimimisc the decp percolation losses. Intensive puddling to reduce SOI pf}:gl weed growth.
practical approach to minimise deep percolation losses besides controlling - termittent land
Under the conditions of limited supplies, phasic land submergence O it

submergence could be optimum both for kharif and rabi ricc CIops.

¢ Wheat scason commences after withdrawal of monsoon, either as rainfed‘ crop an stored _5011
moisturc or as an irrigated crop. Four irrigations, one cach at crown root mitiation, ﬂqwermg,
milking and dough stages are necessary for economic yield. In gen_e_ral, 4 to 6 irrigations are
nceded for optimum yicld under different soil and weather conditions.

e In the casc of maize, most critical stage for irrigation is flowering p_eri.od (_15‘ t0_20 days)

~ Including tasscling, silking and pollination. Under tj\e conditions of limited 1mg§t10n water

availability, irrigations may be scheduled at 25 per ¢cent DASM or at IW/CPE' ratio of 0.9- to

1.0 at flowering period (15 to 20 days) including tasseling, silking and pollination. Dl_ll'lng

other periods, irrigations may be scheduled at 50 per cent DASM or at an IW/CPE ratio of
0.7. This practicc may require about 8 irrigations.

In sorghum, scedling, primordial and flowering stages are the critical stages for soil mois{:ure
stress. 1 water ‘supply is adequate for three irrigations, they should be applied at seedling,

primordial and flowering stages. Four irrigations, one each at seedling, primordial, flowering
‘and grain development stages leads to optimum yield.

Flowering and grain development stages of pearlmillet are most sensitive to soil moisture
stress. Al times of deficit water supplies, scheduling irrigations at 50 per cent DASM during
flowering and at 75 DASM during grain development or scheduling irrigations at IW/CPE

ratio of 0.75 during -flowering and at 0.4 ratio during grain development could be the
minimum requircment.

e Tilering, panicle initiation and grain development stages of fingermillet are sensitive to soil

moisture stress. Seven irrigations at 10 days interval during rabi and 9 irrigations at 8 days
interval during summer can mect the crop needs for high grain yield.

* Among the pulsc crops, kharif pigeonpea may be the only crop, which receives irrigation due
to its longer duration, cxtending up to January — February (post rainy scason). Response to
irrigation 1s, generally, more consistent in postrainy season crop on stored soill moisture.
Three irrigations at monthly intervals can double the yield on light soils, while more than two
may not bc neccessary for the crop on medium and deep soils during postrainy season.

o Chickpeca crop responds to irrigation on light soils of north India, particularly when winter
rains arc scanty. Even under drought conditions, more than two irrigations are not necessary..
Branching, 45 days after seeding (DAS), and pod formation (75 DAS) are the critical s'tagesf-
for soil moisturc stress. Under condition of limited availability, two irrigations (branching and
pod formation) can give cconomic yield ASEe

e Greengram and blackgram are grown as irrigated crops during summer in northern parts of - .
the country and in winter in southern parts. In delta areas of south India, these crops are
grown as rclay crops with kharif rice without any irrigation. Flowering and pod deve'lopnie_ht- |
stages arc scnsitive’ to soil moistiire stress. Summer crop required 3 to 4 "’i'fi'igaﬁaﬁs"f’atijW/‘ P
CPE ratio of 0.60 for normal yield. If irrigation water 1s limiting, a presowing irrigation
(ollowed by another irrigation at flowering can result in near optimum yield of winter Ko ¥
summer crops. ‘ b e
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. . U roundnut, ds rabi al"ld Sumltncr Crop, rcspOnds to irrigation The entire period from ﬂowcring

lo pod development 1s* considered as critical phase for soil moisture sI:rcss After presowns
11‘1:1;311011, .ll'lCI'C 1S NO HCCCSSity for irrigation up to 20 days after sowing (DAS) in the casc,
of light .50}15 ?nd up to 25 DAS in the case of heavy soils. Irrigation at 25 DAS followed
by fOl_-H' 1rrigations at 10 days interval and two irrigations at 15 days interval, making a total
Qf 8 irrigations, 18 ‘adcquatc for optimum pod yield of bunch types. When water supply 1s
inadequate, irrigation may be scheduled at 50 per cent DASM from flowering to pod

dCVClOPmCm followed by one irrigation during pod maturation or at 0.8 IW/CPE ratio from
flowering to pod development followed by one irrigation at 0.5 IW/CPE rato.

e Flowering and pod formation stages of mustard arc most sensitive to soil moisture stress.

The crop needs only three 1rrigations, one each at 30 DAS, flowering and pod formation for
high yicld even if irrigation water is not a limiting factor. If irrigation water is a limiting factor,

only two irrigations at flowering and pod development can optimise the mustard yicld.

e In sunflower, critical stages for irrigation are, bud initiation (30 to 40 DSA), flower opening
(45 to 55 DAS) and seed filling (60 to 85 DAS). Flower opening stage is the most critical
stage for soil moisture stress. At times of deficit water supplies, three irrigations (6 cm
depth) at three critical stages of bud initiation, flower opening and seed filling could be
optimum during rabi. Summer crop, however, require another irrigation at disc formation
stage. |

e Critical stages of soybean for irrigation are flowering and pod development, when the crop
nceds around 8 mm per day. If water is available for only one irrigation, it should be applied
at late flowering when small pods begin to appear. If there is scope for two irrigations, first
irrigation should be a presowing irrigation for adequate stand establishment in addition to the
above. A third irrigation, where possible, will give best results if given at the beginning of
pod filling.

o Castor can extract moisturc from deeper soil layers due to its deep root system. As such,
i{ is desirable to give relatively heavy irrigations than frequent light irrigations. At times of
deficit water supplics, first irrigation must be given at primary spick devclopment or secondary
spike 1nitiation followed: by one or two irrigations during flowering and seed formation.
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e Premonsoon period is the crucial period of sugarcane for irrigation in tropical and subtropical
rcgions. Sugarcanc needs 8 tol2 irrigations during rainy season and 8 to 14 during postrainy
period in tropical regions. In subtropical regions, irrigation 1s not necessary during monsoon
period, while 2 to 3 irrigations are needed during postrainy period. Tillering, grand period of
orowth and carly ripening stages are most critical for irrigation. Alternate day drip irrigation
norease the cane yicld and decrease the irrigation needs by more than 50 per cent compared
with surface irrigation. Paired row planting considerably bring down the cost of drip equipment
and reduce the irrigation needs by about 25 per cent compared with surface irrigation.

e Supplemental irrigation is, generally, given for American and hybrid cottons, depending on th_c
availability of irrigation water. Squaring to peak flowering is considered critical to soil
moisture. Irrigations may be scheduled at 75 per cent DASM during vegetative phase to
check the cxcessive vegetative growth. During flowering, 60 per cent deplction lcyel can
check vegetative growth without significant reduction in final yield. P.L_l times gf deficit water
supplics, two 1rrigations during boll filling and maturation can rinimise the yicld loss duc to

L]

stress. Paired row planting and drip irrigation can bring down the irrigation nceas considcrably.
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: 0 per ccnl
| | el lv by at lcast 2 |
+ In arcas with brackish groundwater, a reduction in canal watcr supply bY < des saving fresh

. | .. le, besl
would go a long way in reducing harmful cffects of high watcr tab
water for nccdy arcas.

Y irrigation,
o Good quality groundwater at shallow depth considerably minimisc SuPpl.?ilc:ttii)l nu; gcrown
provided groundwater table is about 50 ¢m. Under such situations, on¢ TS i 40 TR
root mitiation 1s adcquate for wheat. If the water table :: medium (100'150 cm)
arc adcquatc for wheat.

' sas. If the
e Ricc and sugarcanc crops perform better than other crops 1n flood pronc arcas

C o | | fik ' : need
rccession time of water i1s rclalwcly longcr’ ricc 1s 1dcal than sugarcane. All the LI:;SS e
reduccd depth and frequency of irrigation depending on duration of ﬂoos:lu?g. Sprl cer a
drip 1rrigation systems can reduce excessive irrigation relative to flood irmigation.
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l. Choose the correct answer for the following?

1. Irrigated rice 1s largely cultivated under conditions of land submergence in:

(a) West Bengal (b) Assam
(¢) Andhra Pradesh (d) Kerala
2. Lowland rice requires more water than other crops of similar duration duc to:
2 (a) High ET () High CU
(¢) High yield (d) High percolation losses
3. The percentage of applied water lost in rice fields through deep percolation is:
(@) 50 to 70 (b) 20 to 40
() 73 10 93 (d) 10 to 20
4. Huge differences in irrigation requirements of rice from place to place have been attributed
largely to:
(a) Weather (b) Soil type and seasonal rainfall
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(¢) Fertiliser use (d) Crop duration

5. Which of the following practices is more effective in minimising the irrigation neceds of g
rice crop? |
(a) Scrupulous land levelling (b) Application of tank silt
(¢) Subsoil compaction (d) Intensive puddling

6. If irrigation water is available for two irrigations, it should be applied to wheat crop at:
(a) CRI and flowering (b) CRI and milk stage
(¢) CRI and latc jointiong ~ (d) CRI and tillering v

7. In the casc of maize, most critical stage for irrigation 1s: g
(a) Flowering period (b) Milk stage X
(¢) Sced hardening stage (d) Scedling cstablishment stage

8. In the case of sorghum, if water supply is adequatc for only two 1rrigation, 1t sh_ould
applicd at: R
(a) Primordial and [lowcring stages (b) Scedling and primordial stages
(¢) Primordial and milk stages (d) Primordial and boot lcaf stagers

9. In sunflower, most critical stages for irrigation 1s:

(a) Bud mitiation (b) Seed filling

(¢) Flower opening (d) Establishment
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_ | Bretp | uited to:
10. Paired row planting and drip irrigation is, relatively, well 8
(a) Groundnut (b) Millets
(¢) Cecrcals (d) SugarcanC
Il. Fill in the blanks with appropri nswers? |
PpPropriate a _ . ed to pr()dllcc ............. kg T1CC.
[. It has been reported that about 5000 1 of water is requir * icld of
5 “ . oations required for optimum yield o
2. As per critical stages approach, the number of irrigations
wheat under different soil and weather conditions are ......- B ey ‘ h is i1deal for
1 PO e L - 1s 1dea
3. Scheduling irrigation at TW/CPE ratio of ot e with 6.0 cm dept
optimum vyield of wheat. - | :
4.-In pearlmillet, flowering‘'and . =~ | - stages arc most sensitive for soil moisture
strcss. :
> In chickpea, ', el and pod formation stages arc critical for soil moisture
sircss
0. i oI Sty o peak flowering phasc of cotton is considered critical to soil moisture.
ll. Indicate whether the following statements are True (T) or False (F)?
I. It is often said and agreed that the seasonal water requirement for rice varies from 750
0 1500 mm day-! with an average around 1200 mm.
2. For rice, the average production of grain in relation to water used (kg ha-mm-! of water)
A3 7
3. Reduced loss of nitrogen from rhizosphere placed ammonium feartilisers is due to reduced
soil conditions with land submergence. _
4. Efficient usc of applied fertilisers appears to be the major reason for the preferred land
submergence 1o rice crop by the farmers.
S>. Il irrigation water in not a limiting factor for rice cultivation, continuous shallow land
submergence could be ideal to achieve the benefits of land submergence
6. Critical stage of rice for water deficit is from 21 days after heading to harvest.
7. Dccp land submcrgqncc dgrmg seedling establishment and flowering stages is recommended
0 ricc crop on saline soils.
8. Chickpea crop on heavy soils is more responsive to irrigation than g Crop on light soilg
7. Flowering and pod formation stages of mustard are most sensitjve to soil moisture stress
10. Castor can extract moisture from deeper soil layers due to its deep root system. As such

I Intermittent land submergence for rice. crop

2. Phasic land submergence for rice crop o

3. 'Whalcr' managcement for rice on "sa'a'_l*.’ifrie sorls
4. Waltcr management prac;t_iéc:s fo_rl-r pulsé ¢rops S N i
S. Watcr amanagcméntﬂ pfﬁc'tiécs for cotton crop oo

w
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V. Distinguish between the following:

1. Intermittent and phasic land submergence for rice Crop

2. Continuous and phasic land submergence for rice crop

3. Critical stages approach and DASM approach for scheduling irrigation
VI. Answer the following questions?

L qu can you MINIMISe 1hcT deep percolatiun losses in lowland rice fields? Suggest appropriate
irrigation practices for rice crop for the following situations?

(a) Limited availability of irrigation water during rabi
(b) Rice crop on saline soils.

2.  What are the recommended irrigation practices for wheat crop based on:

(a) Critical stages approach (b) Climatological approach
(¢) DASM approach.

3. What are your suggestions for irrigating the following crops at times of deficit water

supplics?
(a) Groundnut (b) Sunflower
(¢) Soybean (d) Castor

4. Suggest appropriate irrigation practices for deficit and adequate water supply situations
and methods of irrigation for cotton and sugarcanc crops? Discuss the scope of drip
irrigation for these two crops?

. Choose the correct answer for the following?
LoA(eY 2y 3 Ka). | 4. 40) S ldy b ey st (a) (b) 91¢) 10. (@)

I Fill in the blanks with appropriate answers?
1.18. 2. 4'16'6,.3. B9 1o 105, & Grain development, 5. Branching, 6. Squaring.

IIl. Indicate whether the following statements are True (T) or False (F)?
985 y gh - 4. F 5. % 6. F Tk 8. F A 10. T

Kfctkkk :
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