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f,ﬂg:Eifect of irrigation and nitrogen on yield, water use efficiency and nutrient balance
: in rice (Oryza sativa)- based cropping system
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ABSTRACT

An experinent was conducted at ICAR- RCER, Pama during 2001-02 o 20034 1o study the effect of imgation
and nitfogen on vield, water-use efficiency and nuttient balance in rice (Cryea sariva L.)-based cropping system. Application
of optimum level of irrigation and nitrogen fertilization increased the ree- equivalent vield by 840, 6.38 and 6.90 % over
the sub-optimum. level in both the ctopping systems. Among Cropping systems, total water-use efficiency was higher in
rce-tenlil (Lens culinaris Medikus)— —greengram (Vigna rodiata L. Wilczek), followed by rice-wiheat (Frificum aestivum
L. emend. Fiori & Paol.}-greengram. However, total water- use offs Clency was more at optimam leve! of imgation dusing
first year, whereas during second and third year reverse was the case. There was a negative halunce in nitrogen and
phospharus [n both (he cropping systems as well as levels of irrigation and nitrogen. Among the cropaing sysTerm, maximurn
negative balance (-564 kg N/ha) was recorded in rice—wheat —greengram, followed by fee-lentil- greengram (=350 kg
N/ha). Available phosphorus balance was also negative in both the cropping systems, levels of irrigation and nitroger,

and levels of imgation and nitrogen.

Maximum available phosphorus balance was recorded in cereal dominated cropping system (=244 kg Pihaj, foliowed by
pulse dominated cropping systerm (~238 kg P/ha). There was a positive balance in potassium i both the cropping svstams
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~ Rice (Oryza sativa L)) - wheat (Triticum aestivumn L.
-emend. Fiori & Paol) system occupies an area of 10.5 million

ha'in the Indo-Gangetic plains of India (Singh er aql. 2003).
Efficient use of applied water and nutrient under adequate
and inadequate supply condition are crucial for the crap
production. Crops in a sequence may modify the water and
nutrient use efficiencies of other crops due to differences in
their genetic make up and physiological behaviour. Limited
nformations are available on nutrient uptake in cropping
systern as well as variable water and nitrogen. Sharma and
Sharma (2002) reported that high yielding varieties grown in
multiple crop sequences with recommended package of
practices remove considerable amount of nutrients from soil
and thus information is urgently needed to understand the

‘mining of soil nutrients and to work out the nutrient bajance

ver a period of time. Indian soils are generally deficient in

“avdilable N and all cereal crops including rice and wheat

:show significant response to applied N. Patro er af. (2005
‘teported both rice and wheat are heavy feeders of nutrents
-and rapid spread of rice-wheat systern in Indra caused an
-unfavourable cffect on sustainability of soil productivity.
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Hence inclusion of legume crops in the systerm is must 1o
imprave soil physical condition and it productivity. Since
the information on water-use efficiency and nutrient uprake
in rice-based cropping sysiem is not available under optimum
and sub-optimum levels of supply conditions in centra! Bihar,
a field experiment was undertaken with the objective o
evaluale the effects of optimum and sub-optimum supply of
water and nutrients or vield equivalent, water-use- efficiency
and nutrient balance i dee-based Cropping svslents.

MATERIAL AND METHODS

A field experiment was conducted in split plot design
replicated thrice aflocating cropping systems rice - - wheat
greengram (C} und rice — lentil — greengram (C, ) in main
plots and 4 combination of optimum and sub- opmrnum levels
of irrigation and mutrients in sub-plots at Sabajpura Farm of
ICAR- RCER, Patna during 2001-02. to 2003-04. There
were 2 levels of irrigation for rice, i ¢ freigation ar 3 dayy
after disappearance of ponded water under oprimum condition
(1} and irmigation at 5 davs after disappearance of ponded
water under sub-optimurn condition (L. Tn whear there were
2 levels of irmigations: optimum level (1 J—4 imigations (CRI
+illering+ {lowering —mtlking} end sub optimum level (I}
=3 imigations (CRI+ flowering+ milking). Tn lent] and
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greengram optimum level: 1 imigation and sub-optimum
level: - no imigation was applied in 2001-02 and 2003-04
but in 200)2-03 greengram received 2 irrigations as optimum
leveland 1 irigation as sub-optimum level. The 6 cm depth
of water was applied in each trrigation as per treatment
besides 93 cin, 120 cm and 117 cm rainfall during the first,
second and third year of experimentation respectively.
Recommended dose of nitrogen was considered as optimum
level (N ) and 50% of the recommended dose as sub-optimum
level (N,}in all the crops. An 100 kg N/ha was applied to rice
and wheat as optimum dose and 50 kg N/ha as sub-optimum
dose. An 30 kg N/ha was applied to lentil and greengram as
aptimnm dose and 15 kg N/ha as sub-optimum dose.
Recommended dose of phosphorus (60 kg P,O /ha in rice &
wheat, 40 kg P,0 /ha in lentil and greengram) and potash (40
kg K,O/a in ricc and wheat only) was applied in all the
crops at hoth the levels of nifrogen. The water table was 2.0
- 6.1 m below ground level during the crop season. The
texture of soil was silty clay loam, pH 7.4, electrical
conductivity 0.026 dS/m, bulk density 1.44 Mg/m’, particle
density 2.71 Mg/m®, organic carbon 0.65%, available nitrogen
290 kg N/ha, available phosphorus 32 kg P/ha and available
potash 398 kg K/ha of initial soil sample (0—30 cm).

RESULTS AND DISCUSSION

Rice equivalent yield

Yield of wheat, lentil and greengram was converted into
rice equivalent vicld. There was significant variation among
levels of nitrogen during all the 3 years of experimentation
but among the cropping system and levels of irrigation, the
significant variation was only during first year. Resulis of all
the 3 years revealed that among crepping systems, maximurm
rice vield equivalent was recorded in rice-wheat-greengram
(12.39, 12.50 and 11.16 t'ha), followed by rice-lentil—green
gram ¢(11.43, 11.75 and 10.44 t/ha) during 2001-02, 2002-03
and 2003--04 respectively. Among levels of irrigation,
maximum rice vield equivalent was recorded at optmum
level {12.89, 12.42 and 1!.08 ronnes/ha), followed by sub -
optimum level (11.01, 11.83 and {152 tonnes/ha) and the
increase was to the tune of 16.44, 4.9% and 5.52% respectively
over the sub-optimum level of irmgation. Similar trend was
ohserved in case of levels of nirogen. Optimum level of
imigation and nitrogen fertilization produced higher rice
eqaivalent yield than the sub-optimum level of irrigation and
nitrogen in all the systems (Table 1). The results are in
conformity with the results of Kumar and Prasad (2002). The
interaction effect of different lreatments did not show any
significant variation on rice vield equivalent.

Water-use efficiency

Among cropping systeins, total water-use efficiency was
higher in rice-lentil~greengram, followed by rice-wheat—
greengram (Table 23 in all the 3 vears of experimentation.
Tota! water-use efficiency was more al optimum level of

irrigation (89.03 kg/ha-cm) than sub-optimum level during
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Table 1 Effect of optimum and sub-optimum levels of irrigatiot’
and nitrogen on yield of individual crops and rice equivale
vield (tonnes/ha).

g

Treaunent Rice  Winter Green- Total rice_é.
Crops gram  cquivalen-

vield -

200102 i

Cropping system
Rice—wheat—greengram  6.51 232 0.54 12.39 1
Rice-lentil-greengram  6.29 0.51 .62 11.43 %
CD (P=0.05) NS 0.45 NS 0.32 ;
Irvigation levels }
Optimum 656 136 064 12827
Sub-optimum 6.24 1.47 0.52 11.01 ¥
CD (P=0.05) NS NS 0.14 0.34
Nitrugen levels «(
Optimnum 6.68 164 0.61 12.39
Sub-optimum 6.12 1.19 0.55 10.93 ¢
CD (P=0.03) NS 0.33 0.09 0.84 1
2002-03 ?

Cropping system
Rice-wheat—yreengram  6.87 268 0.43 12.50 ;
Rice-lentil—sreengram  8.18 0.59 042 1175 ¢
CIr {P=0.05) NS (.40 NS NS ©
Trrigation levels
Optimum 7.92 166 042 1242
Sub-optimum 7.13 1.61 043 1183 7
CD {P=0.05) NS NS NS NS ¥
MNitrogen levels 1
Optimum 774 1.76 042 12,65 &
Sub-optimum 7.31 §.51 0.43 11.60
CD (=003 NS 0.34 NS 0.41 j"
200304 i

Crapping systems A
Rice-wheai-greengram 539 295 039 1L16 ¥
Rice-lentil-greengram  3.66 (.51 042 10.44 .
€D (P=0.03) NS 0.32 NS NS &

i€

frrigation level {
Optimtn 541 1.68 0.39 11.08 E
Sub-optimum 5.64 249 0.42 10.52 ,e
CD {P=0.03) NS NS NS NS :[
Nirrogen leve! }
Optimum 3.795 1.589 04t 11.49 %
Sub-optimum 330 1.57 6.40 - 10,10 X
CD (P=0L03) NS NS NS 0.70 \;

first vear of experimemation. Whereas during sccond andf_‘
third year of experimentation, water-use efficiency was higher*
at sub-optimum level (77.32 and 67.43 kg/ha-cm} followed%
by opimum level {69.0 and 65.95 kg/ha-cm) of in—igati(mf
Among levels of nitrogen, maxinmum water-use efficiency’
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Table 2 ‘Tota} water applied and water-useefficiency of individual crop in fue based croppl:

IRRIGATION AND NITROGEN IN RICE — BASED CROPPING SYS5TEM I3

svaiemm under aptimum aad siv-onzinm levels

qgatior of irvigation.
Hvalen il - . S
- Treatment Total water applied Water-use efficiency can WIUE
- {cm) [ yhafomi
:fal Hee Rice Winter crops " Greengram Rice  Greengram
uvilen . - n-
vield 2000402
Cropping svstem
Rice-wheat—greengram 10z 21.70 2330 3682 [03:.12] 238
) Rice-lentil-grecngram 102 3.70 235 &1.67 137 8 .01
11—31;) Irrigenion level . o s
032 Optimum e 1_5.7 263 6431 5662 5'.59.1.[_!..1
Sub-optimum 12 V.70 20.3 61.1% 15154 HA A
243 Nitrogen level .
; Optimum 102 1270 233 3.4 124,12 BN s
;8(11 Sub-optimum 102 1270 233 50.00 $3.30 23600 U200
- 2602 03
Cropping system
2.89 Rice-wheat—yreengram 12333 3237 21.05 3568 R 52
r?_:,z Rice-lentil-green wram 12338 1157 2105 66,30 1 s :
o frrigation level
Optimum 12538 26.57 24.05 121 52,44 FAY s 40
Sub-cptimum 117.38 17.5% 1805 6401 i1E3 IRz T3l
250 Nitr vl
{ s zz;ogf:rz leve ) . ) -
o Optitnum 12338 22.07 21.05 i9.T5
NS Sub-aptimurn 123.38 22.07 2105 5.4 Fo A
200243
242 .
Cropping system
L83 Rice-wheat-greengram  128.87 24.79 17.34 1§52 gy 2l
NS Rice-lentil-greengram 128.87 6.79 17.34 392 EERE! S
265 Irre'gaz_:'on level _ . o
- Optimum 128.87 187 20034 R G345
)1-46]0 Sub-optimam 128,87 1279 1434 o 5745
- Nitrogen level
- Optimum 128.87 1379 17.34 4462
Sub-uptiam 12887 579 17.34 41.13
116
0.44
g Wwas recorded al oplimum level of nitrogen application as depleted more N fron ihe s Do Maximem
compared to sub-optimwm level. It is evident from the result post-harvest soil-available s ive -lentil-
~ that water was used more efficiently under rice—lentil- areengrati 1217 ke N
]98 greengram than rice—wheat—greengram in afl the 3 years of (L0 kg Nrhad Varialon in nurenl sieids
l]'?z experimentation. The results are in confonmity with the results due 1o optimum evel of irrddtion Ve s
NS of Tiwari 7 al. (2002). Parihar ef af. (1999) also reported that because incrense:d avalzab i, fovoured bio-
inclusion of legumes in the system increase water-use degradalion of ore: wad irerulization o Noin
.49 efficiency. In general water-use cfficiency was higher under sotl, Secondly in ews ol omnisirs. there
210 optimum level of nitrogen than sub-optimum level of nitragen. wis more volatiiizaiion s of N 1ty ferther reduction
170}

whereas reverse is the case with irrigation.

Nitrogen balance
4 and gen balance

nigher
owed
#lion
iency

There was a decrease in available N after harvest of the
third crop in both the systems in all three vears of
experimentation. The reduction in the available soil N was
due to adoption of intensive cropping sysien. which ulumately

23]

in avatlable soil avrezen under l2ss Ireuuant irrigations.
Nutrient epiake wus positively influenced by levele of
imgation and ritrogen (Parihar ad Tiw art 2003 Masinum

N uptake was reen Pl Ny
ha) due o h Cow sl whien
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Table 3 Balance sheet of available nitrogen in the soil as effected by cropping system, optimum and sub-oprimum levels of imigation and

nitrogen 2001-04)

Initral

Treaunent Amount of nitrogen added in Amount of N removed by the Available IN (kgha)
available different crops (kg/hay — (B) different crops (kgtha) — {C
So_ﬂ Rice Winter  Green-  Total Rice Winter  Green-  Total  Nutrent in Final Net
nurt:cnt crops  gram Crops  gram balance avaiable  loss
'A) {expected  soill  {(-)f gamn
value)- nutrients (+} E-D
A+B-C= f{actua} =(F)
(D values)
- (E)
Cropping svsiem
C, 2901 4350 450 133 135 363 ¥ 34 37 754 190 ~564
C, 20{) 450 135 [35 720 37T 36 36 429 5361 21t ~35(
frrigarion
L, 290 430 2493 135 878 385 104 35 524 At 07 —437
I, 200 430 292 135 877 353 106 as 496 671 194 —477
Nitrogen
N 250 G0 390 180 170 4046 120 38 564 896 198 —698
N, 200 30 195 96 585 Ely 32 456 419 203 -216

334

CrOPPINE SYSIELL.

Nitrogen balance indicated a negative balance of
available N in the soil in both the cropping systems, being
higher under rice—wheat--greengram (-564 kg/a) followed
by rice-lentil-greengram (=350 kg N/ha}. This was evidently
due o N fixation by legumes. Optimum and sub-optimum
level of irrigation and nitrogen had also negative balance of
available N in the soil. More gain in available sol N under
optimum Jevel (bigher frequency of irrigation) may be due to
favourable soil moisture condition for bio-degradation of
organic matter and mineralization of N than sub-opumum
level. Moreover the organic matter added to the soil in the
form of rool mass and scnescent leaves was more under
optimum level of irrigation and nitrogen due to higher
hiological yield.

Phaspharus balance

Cercal-dominated cropping system indicated slightly
hivher availabie P in soil than the legume donvinated ones
{Table 41 The results confirm the findings of Kumar and
Prasad (20072}, which may be atributed to higher CO,
pressure, addition of high organic matter o the soil system
by cereals and bigh phosphate requirement of legumes.
Maximum available P was recorded will sub-optimum levels
of irrigation but in case of nitrogen the trend was in reverse
order. Higher hydration resulted in solubilization of P,
mineralization of organic matter, providing complete chelme
for sotuble Ca'™ and tiereby reduced phosphate [lixation.
Higher €O, pressure might also be an added advantage. Soil
availability of PO, depends upon plant, soil fixation and the
rate of application. It seems that legume crop increased P

availability. Such differential pattern of cereals and legumes
with water and nitrogen uitimately resulted in an interaction
effect between these two variables.

Maximum P uptake was recorded in rice-—wheat —
greengram followed by dce—lentil-greengram because of
higher by product production. Sharma and Sharma (2002)
also reported higher uptake of P by cereals as comnpared to
pulses. Optimum ievel of irrjgation and nitrogen had a positive
effect in influencing e PO, uptake by crops. Phosphorus-
halance sheet indicated iis balance on negative side as
compared to expected available P value in the soil. Among
the cropping svstems, maximum negative balance in available
P was recorded under rice—wheat—greengram (-244 kg Prha)
followed by rice~lentil- greengram (—238 kg Prha). Amoug
different levels of irrigation, maximum negative balance was
recorded at optimum level (=242 kg Prha) as compared to
sub-optinmum level (=240 kg P/ha). whereas in case of diffcrent
levels of nitrogen maximum negative balance was recorded
at sub-optimum level (-263 kg P/ha) compared to optimnm
level {217 kg Pfha). This may be attributed to higher P
fixation in the soil due to lesser number of imgation.

Potassium balance

Maximum posi-harvest soil-available K was recorded in
the olots. huving rice—lentil-greengram (307 kg K/ha),
followed by rice—wheat—greengram (282 kg K/ha). This was
partly due 10 the fact that cereal dominated cropping system
remmoved more K from the soil. It is an established fact that
cercals und grasses having low root exchange capacity utilize
morte soil potassium from the exchange complex than other
crops. Maximum available K was recorded at optimum levels
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Table 4 Balance sheet of available phosphorus in the soil as effected by eropping system, optimum and sub-optiziun levels of irigation and

nitrogen (2001-04}

Treatments Initial Amount of P added in different Amount of P remaoved by the Available I
available crops (kg/ha} —B different crops (kg/ha) —C {ku'ha} )
so_il Rice  Winter Green-  Total Rice Winter Green-  Total  Nuotgent  Final Net
purment crops gram crops gram in blance availahle  loss
(A} fexpected  s0il (-}
valugl-  nutrients  gain
A+B-C=  {acrual (+}
1Dy vilues; [-D=
{E) {F)
Cropping system
C, 32 157 157 05 419 107 64 12 153 268 24 2244
C, 32 157 105 105 367 115 i3 il 130 26l 22 -238
Irrigation
e 32 157 131 105 393 112 37 12 ibl 264 22 242
IR 32 157 131 105 393 110 44 11 161 204 24 240
Nitrogen
N, 32 157 131 105 393 125 46 ot 184 24 24 217
N, 32 137 131 103 393 97 3t I 138 287 iz -268

of imigation and nitrogen and minimum at sub-optimum
level. The total uptake of K,0 was more in cereal dominated
cropping system as compared to pulse dominated cropping
system (Tahle 5}. The value was much higher than the applied
K, indicating thereby that the uptake was higher due to
release of fixed potassium at clay complex. Optimum Jevel
of irrigation and nitrogen helped in good plant stand, resulting

m increased K.O uptlake.

Potassium balance sheet indicated that there was positive
balance of available K in the soil under both the cropping
svstems. Maximum positive availubic K was recorded in
nce—{entil~greengram (+3122 kg K'hal followed by rice—
wheat—greengram (+20 kg K/has Aniong levels of hrigation
and nitrogen, maximum available K was recorded in optimum

Table 5 Balance sheet of available polash in the soil as effected by cropping system, optmann znd sub-opimim ovels of irrigaion aad

nitrogen (2001-04)

Treatment Initial Amount of potash added in Amournt of K removed hy the Available K ¢ keiha;
available available different crops (kghay (R difTerent crops (ke/rar- (o
nust?ilinl Rice Winter Green-  Total Rice  Winter  Green-  Tuwl Netent Tinal o Net loss

A) Crops gram CTOTYS ITATh, nave avalable -y gain
WA cted nuidents (43 E-D
g gl =ik
M+B-C = value;
by 8§
Cropping system
C, 398 199 199 398 363 138 11 33 282 282 ~2i]
C, 308 199 199 383 17 12 412 183 A +i22
Irrigation
L 398 199 100 299 392 &9 12 493 204 342 +138
L 398 199 110 299 356 86 H 453 244 343 +4
Nitrogen
N, 398 199 100 299 417 104 13 534 163 259 +136
N, 398 199 100 299 331 7l 10 412 283 291 +6
25



26

level (+138 kg K/ha and +136 kg K/ha} as compared to sub-

optimum level (+4 kg K/ha and +6 kg K/ha) respectively.

This was because of the fact that the crop might have derived

K from unavatlable source through the exchange equilibrium.

The positive K halance in the soil indicated that non-

exchangeable form of K was released as a result of priming

action of applied K, possibly to maintain the soil K equilibrim

{Kumar and Prasad 2002).
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