
~s 78 (i'. 
!.Indian Journal of Agricultural Science.\ 78 (1) · 21-6, January 2008 

t-.1. 20\'f. 

;~;":;f Effect of irrigation and nitrogen on yield, water use efficiency and nutrient balance 
' in rice ( Oryza sativa )- based cropping system ~Q:cotab!f 

=:;ops!" RD SL.'\JGH:, AK SIKKA2, SIII\'A_Nl' and K R:\JA0;-

.cing ~ 
:olocaf 
~'rops f 

JC4R Research Co111plex for Eastern Region, Patna. B1har <\00 Qj4 

' Received· Jl Augu>l 2005 

ABSTRACT 

' " I 

A .. n experirnent v.-as conducted at ICAR- RCER, Patna during 2001--02 lo 2003--04 to nudy lnl' c~fec! of irrigation 
and nitrogen on yield, \Vater-use efficiency and nutrient balance 1n rice ( (Jr.ai sutiva L. )-based cropping SJ>Le1n. A.pplicat11Jn 
of optimum level of irrigation and nitrogen fertilization increased the rice-equivalent yield by 8.40. 6.38 cLrid 6.90 '1. O\ er 
the sub-optimum level in both the (.Topping sy~tcms .. t\rnong cropping >yste1n.<. total 1.va1er-u>e effic;ency \\C<S higher 1n 
rice-lentil (Lens culinaris :'.letedlkusJ-greengram (Vigna radiata L. \VilczekJ. fcilowed b) ~ic<O-\\hcat (Jnt1c11n1 ue:,/inun 
L. emend. Fiori & Paol.}-greengra.rn. Hoi,vevcr. total \>·ater- use efficiency wa~ 1nore ill optirnun1 :eve: of ,rrig1L1i11n during 
first year. whereas during second and third year reverse WilS the case. There 11<b a ne2a11vc J11L~nc~ 1n nitruge:i and 
phosphorus in both the cropping >ystems as wc-11 as leveb of urigation and nitrogen .. ,l,,rnung the c:opc!lng :;; >:ern. n1a;-;unun1 
negative balance (-564 kg Nlha) -was recorded in rice-wheat -greengra1n. followed b) rice-lentil- ~Teengr,dn 1-350 ~g 
N/ha) . .'\vallable phosphorus balance Wa> also negative in both the cropping system.,, lcveb of 'rngaiion <cnd nitroger:. 
1'1aximl.llll available phosphorus balance was recorded in cereal do1ninated cropping sys1en1 (-2..:.J. k!' P/1'.a,:. fol10;.\ed by 
pulse dominated cropping system (-238 kg P/hal. There was a po.<,il1\ c balance in pou,o 0 1;.;n1 :n both the cropping ,y<,(i:!l\\ 

and levels of irrigation and nitrogen. 

' 
' r-

Key words: Rice-based cropping systern, Rice-equivalent yield, \\'a:c:·-use cffic1enL·y. Cereal pul~c 

it Rice (Oryza ~aliva L.) - \.\·heat (Triticurn aesrivu1n L. 
f:emend. Fiori & Pao!) ~ystern occupies an area of 10.5 million 
k_ha in the Indo-Gangetic plains of India (Singh et al. 2003). 
[:Efficient use of applied \.\'ater and nutrient under adequate 
.~_-and inadequate supply condition are crucial for the crop 
t.: production. Crops in a sequence may n1odify rhe \.\·ater and 

[ nu~ient use efficiencie5 of othe:· cro~s due to ~ifferen_ces in 
f thelf genetrc 1nake up and phys1olog1cai behaviour. L11n1ted 
j,,infonnations are available on nutrient uptake in cropping 
~,.system as well as variable \.\'ater and nitrogen. Sharma and 
' ;;.Shanna (2002) reported that high yielding varieties gro\.\'Jl in 
}.multiple crop sequences \Vith recom1nended package of 
' ~-·practices remove considerable a1nount of nutrients fron1 soil 
i:-and thus information i~ urgently needed to understand the ,. 
t' mining of soil nutrients and to i,vork out the nutrient balance 
' r-ovcr a period of tin1e. Indian soils are generally deficient in 
ravailable N and all cereal crops including ri~e and wheat 
r-show significant re~ponse to applied N. Patro et al. (2005) 
~_,reported both rice and wheat are heavv feeders of nu1rients 
p: and rapid spread of rice-\\ heat sy~te1~ in India caused an 
~-unfavourable effect on sustainability of ~oil productivity. 
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~-- (Agronoiny) and 'Scientist Senior Scale !_Soil Physic'>) 
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Hence inclusion of lcgurr1c crops in the s:~tcr.1 is lllll\l to 
impro\·e ~uil phyoical c11ndition and i:c: producti,ity. Since 
the infonnatio;1 on \\C.ter-L1~e efficienc; and nutt·ieni uptake 
in rice-based c··opping ~ys1em Ls noc avuilable :.inder opli1num 
and ~uh-optin1un1 ]c,·e !.<: o.i" .-;uppl;, cund11,on\ i<1 central 81har, 
a field cxpe:ri;y,ent \'>i:S :n:dertaken \\'JtL the objcct(\'e to 

evaluate the effects or optirnu<n and \Ub-opti:nun1 ~upply of 
\\'ater and nutriern~ DT~ :icl<l equ1\ale11\. \l<tter-u~c-efficiency 
and nutnent balanct' in rice-basc:d cropping s: sten1s 

\1.:...TERL\L ,\'.;D .\fE'J HODS 

A fic:ld expc;·in1enl ''as :.:onduL·1cd in spiit plot Jc,ign 
replicated lhr·ice ail0cati11g cropping sy.-;1en1s rice 1vheat 
greengram (('._i and rice - lenli! - g1Tcngrarn ((" J in main 
plots and a coillbination of optirn1:n1 and sub-optirri.un1 levels 
of irrigation and :iutnent~ in suh-p!ots :tl Sabajpura faIT1 cf 
IC1\R- RCER. Patna during 200!-02. to 2003--0-+. There 
\Vere 2 levcl5 of irrig<'tion fo: rice, 1 e irrigacion at 3 dayo 
after disappearance of ponded 'A at er under optin1un1 condition 
(1 1) and irrigaEion dt 5 da:_.-, after disappearance of punded 
\.\'ater under ~ub-0Dtin1urn condition IL:'. Jn \\'heat there \\·ere 

2 levcls of irrigation-;: optin1i;n1 k'\e] l'I
1
)--4 irrigation~ (C:R[ 

+tillering-"- flo'>';enng -:-J11ilkitlgJ <ond suh-optirnurn ie1el (L,: 
-3 in-igation.-: (('RJ+ flo\\·er1ng+ nnlkingJ. Jn lentil an~: 
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greengram optimum level: 1 irrigation and sub-optiinum 
level: - no irrigation was applied in 2001--02 and 2003--04 
but in 2002--03 greengram received 2 irrigations as optimum 
]eYel and 1 irrigation as sub-optimum level. The 6 cm depth 
of water \Vas applied in each irrigation a5 per treat1nent 
besides 93 c1n, 120 c1n and 117 cm rainfall during the firHt 
second and third year of experin1entation respectively. 
Recommended dose of nitrogen \Vas considered as opti1num 
level (N 

1
) and 509c of the recommended dose as sub-optimum 

level (l'\ _,_) in all the crops. An 100 kg K/ha \\'as applied to rice 
and wheat as optin1um dose and 50 kg K/ha as sub-optin1u1n 
dose ... \n 30 kg N/ha 1,vas applied to lentil and greengram as 
optimum dose and 15 kg l\'/ha as sub-optin1t1m dose. 
Rccon11nendcd do~c of phosphorus (60 kg P

2
0

5
/ha in rice & 

v.·heat, 40 kg P_,_O_/ha in lentil and greengran1) and potash (40 
kg K10/ha in rice and \Vhcat only) \Vas applied in a!l the 
crop~ at hoth the levels of nitrogen. The 1-vater table wa8 2.0 
- 6.1 n1 below ground level during the crop season. The 
texture of soit was silty clay loam, pH 7.4, electrical 
conductivity 0.026 dS/m. bulk den~ity 1.44 Mg/n13, particle 
den~ity 2.71 :\1g/m_;, organic carbon 0.65qc, 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). 

RESL'l.TS AND DISCUSSIO'.'J 

Rice equivalent _yield 
Yield of v.'heat, lentil and green gram was conve1ted into 

rice equivalent yield. There \Vas significant variation among 
le'vels of nitrogen during all the 3 years of experimentation 
but among the cropping system and levels of irrigation, the 
significant variation was only during fir~t year. R.osults of al1 
the 3 years revealed lhat among cropping systems, 1naximum 
rice yield equivalent was recorded in rice-v.·heat-greengram 
(12.39, 12.50 and 11.16 Uha), follo\ved hy rice-lentil-green 
gram (J 1.43, 11.75 and 10.44 Uha) during 2001-02. 2002--03 
and 2003-·04 respectively. Among levels of irrigation, 
1naximum rice yield equivalent \Vas recorded at optimu1n 
level (12.89. 12.42 and 1 l.08 tonnes/ha), followed by sub -
opti1num level (11.01, 11.83 and 10.52 tonnes/ha) and the 
increa~e v.·a~ to the tune of 16.44, 4.98 and 5.52'/c r.ospectivcly 
over the sub-optimun1 level of irrigation. Sin1ilar trend \Vas 
observed in ca~c of levels or nitrogen. Optimum level of 
irrigarion and nitrogen fe1tilization produced higher rice 
equivalent yield than (he sub-optimum level of irrigation and 
nitrogen in all the systen1~ (Table 1). The results are in 
L·onforniif)' v.'ith the results ofKun1ar and Prasad (2002). The 
interaction effect of different treatments did not show any 
significant \'ariation on ril:e yield equi\alent. 

narer·115e rjjicicnc\ 
i\rnong cropping sy'ite1ns, total \Vater-u8c efticienc; was 

higher in ricc-lentil-greengran1, follo\ved by rice-\vheat­
greengran1 (Table 2) in all the 3 yea.rs of experi1nentalion. 
Tota! 1,vatcr-use efficiency \Vas more al optimuni level of 
in·igation (89.03 kg/ha-cm) than sub-opti111un1 level during 

Table 1 Effect of opti111un1 and sub-optinium levels of irrigatio;Tal 
and nitrogen on yield of individual crops and rice equivalen_ 
yield (to1U1es1ba). '.Tr< 

Treatment 

Cropping s_vstftn 

Rice-wheat-greengram 

Rice-lentil-grce~gram 

CD (P=0.05) 

Irrigation le1·e/s 

Optimum 

Sub-optirnu111 

CD (P=0.05) 

/'•iirrogen levels 
Optimum 

Sub-optimun1 

CD <P=0.05) 

Cropping svston 
Riee-v;heat-greengra1n 

R 1ee~len1il-greengra1n 

CD (P=0.05J 

Irrigation !t'veis 
()ptirnum 

Sub-optinn111\ 

CD (P,,,0.05! 

.l·litrop.e11 }e,·clo 

Optimum 

Sub-ootin1un1 

CD (P=0.05) 

Cropping s:.otcmo 

Rice-1,vhea1-gree11 gra'1"'. 

Rice-lcntil--greengrarr. 

CD (P=0.05) 

lrrigatioi; levei 
Opci1ni.:1n 

Suh-optiE",\liT1 

CD !P=0.051 

l'./itroge11 ie1-e! 

Optirnu1n 

Sub-optimun1 

CD IP=0.051 

Rice 

20QJ . .IJ2 

6.51 

6.29 

KS 

6.56 

6.24 

KS 

6.68 

6.12 

KS 

2002--03 

6.87 

8.18 

I\S 

7.92 

7.13 
_\S 

7 74 

7.31 

~s 

1003--U4 

5.39 

5.66 

J\S 

5 . .+l 
5.64 
\'S 

5.75 

5.30 
:-·s 

\Vint er 
craps 

2.32 

0.51 

0.45 

1.36 

1.47 

'IS 

1.64 

1 19 

0.33 

2.68 

0.59 

0.40 

1.66 

1.61 

:!\S 

1.76 

l.51 

0.34 

2.95 

0.51 

0.32 

l.68 

2.49 

'JS 

1.8Y 
1.57 

.'5 

Green- Total ricei 
gram equivaku;-

yield ' 
e,. 

. I 

. I 
0.54 12.39 

0.62 11.43 
;Jrr 

KS 0.32 

0.64 12.82 :_Ni; 

' 0.52 11.01 

0.14 0.84 

:c,.. 
0.61 12.89 -

0.55 10.93 ' 

0.09 0.84 
:1rr 

o.43 12.50 .A'i. 
0.42 11.75 

NS 

0.42 

0.43 

NS 

0.42 

0.43 

NS 

0.39 

0.42 

NS 

0.39 

0.42 

KS 

0.4! 

0.40 

l\S 

NS 

12.42 ~er 
11.83 

NS 

11.60 .' 

0.41 

11.16 

10.44 

NS 

fli 
.}." 

' l 
'-' ' 
;w: 
<.cc 
·th 

11.08 ' 

10.52 ~ 
NS ~f 

;in 
11.49 !ef 
10.10 :Pr 
0.70 .w 

first year of experimentation. \Vhereas during 'iccond andN' 
third vear of experin1entation, 1.vater-u.->e efficiency v,.·as higher 
at sub-opdn1un1 level (77.32 and 67.43 kg/ha-cm) follov.:edfb 
by optin1un1 level (69.0 and 65.:5 kg/ha-cm) of i~g~tion.~~ 
.A.n1ong leYel'i of nitrogen. rnax1n1um water-use eff1c1ency 
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Table 2 Total v.:ater applied and v,.·atcr-uscetfic1ency of individual crop ill ri<.:c ba.,cd c:·oppii~~ o;>lt·111 c'lhk:· •'f!L r.:inl :ta,i >:r1-n,1:; 1;1:t;n k · c:l·, 
rigatior of in·igation_ 
Jivalen1____ _ ______ _ 

al rice 
iivalen; 
yield 

_2.39 
I 1-43 

0.32 

2.82 

i 1.01 

J.84 

2.89 

0.93 

:l.84 

2.50 

1 75 

Treatment 

Cropping .\)'\·tern 
Rice-wheat-green grain 
Rice-lentil-grccngram 

Jrrig111h'n level 

Optin1un1 

Sub-c,ptin1um 

,\'itrogen level 

Optin1urn 

Sub-optimu1n 

Cropping .1ysteni 

Rice-iv hcut -greengrarn 

Rice-lentil-green grarn 

lrri~ation /e\'l?I 
Optin1un1 

Sub-optin1um 

h'itrvgen ievel 

Rice 

102 

102 

J 02 

102 

102 

102 

123.38 
12J.38 

129.JS 

l l 7 38 

Tot;il \\iater applied 
lClll) 

21 70 
3_70 

15.70 

9.70 

12.70 
12.70 

32.57 

11.5; 

26.57 

17.57 

Green gram 

200!-f!2 

2_i _ _i{\ 

26 3 

20.3 

23 3 

20()2 ()_i 

21.05 

21.1)5 

24.()5 

I 8.lJ5 

21.05 

6--1- '-I 

hl IS 

65 .;."-' 

60 OU 

55 6~ 
(>6 j(,1 

f-il.21 

6-f_(J I 

o::.:_'-

\\'alc:·-11-c etti,1tnc'. 

(l-.silwi~c 

Ir,(, q l 
I_,- s.:: 

Sf-i.62 

' ~" ' ' '- '!, L, 

'i?. j~ 

·;] .>C~ 

,, 

_:i_r:_--1-_~ 

]'I'->' 

I - ,--

.\lc"n \\'l ·r:_ 

~,c.'h'°', :n; 

~: .::R 
~:--, (,, ' 

~-'--'I-] 

I ,!;2 

J\S 
Optilnun1 

S11b-optin111m 

123.3S 

123.38 

22.07 

22.07 21.IJS 

20U2--{i3 

'.--1-:: 

2.42 

l.83 

NS 

2.65 
1.60 

J.41 

I 16 

0.44 

'1S 

1.08 

ii 52 

:--IS 

1_49 

:l.10 

I 70 

Cropping system 
R icc-\vheal -green gram 
Rice-lentil-greengrnn1 

irrigation level 

Optimum 

Suh"optimum 

Nitrogen ievPl 

Optimu1n 

Sub-upt11:·-1m 

128.87 

128.87 

128.87 

128.87 

128.87 

128.87 

24.79 

6.79 

18.79 

12.79 

15.79 

!5.79 

17 .. )--1-

17.3--1-

20 . .:JJ 

14_3J. 

17 .. 14 

j 7 .J-1 

wa<i reconled al opl11nun1 level of nitrogen application a• 

compared to ~uh-optin1u1n lc:vcl. It is C\idcnt fron1 the re~ult 

that i,vater \Vas used rnore efficiently under rice-Jentil­

greengrain than rice-viheat-greengran1 in all the 3 yc,ars c1f 
experinientation_ The re~ult~ a1·c in confonnity with the n:~ults 
ofTi\~·3_rj er al. (2002). Parihar ct nl. (1999) aho reported that 

inclusion of legun1e~ in the ~y~ten1 increa~e v.:at<Cr-u~c 

efficiency !n general \\'ater-u~e cfficicnc;- \V<l.~ higher undL:r 

opti111um level of nitrogen than ~uh-optin1u1n level of nitrogen. 

\vhereas reverse i~ the ca~e with irrigation. 

.1 _1 Nitrogen balance , anu 
li"hcr There \Vas a decrease in a\·ailahle >I' afte1· harve't of the 

o:vc<l third crop in both rhe sy~te1ns in all three 1ear'- of 

e>perimentation. The reduction in the available ,;oil ]'\ \\'ll.'­
alion. 

due to adO[)tion of i nten~i\-e cnippin.'! -'.V'ilt:Jn_ \\'hi ch ulti1natcl.' 
icncy " 

41.S2 

.1-2 98 

-f_; '6 

-'1--t 112 

--1-1 13 

:-. l)CJ 

- ' i I 

]Ci.I, ?,- 4_, 

2.'.' n 

Jcplt:tCd ili0r.C \' f'.--">Jll -_[],_; · -:J, \-C!'!?-l<l Ci.,[ ::_:ii)_~' \h,\lil:L:lli 

p0_,t-hanc\t ,,,il<c\,tiL.i-<l.,' _'- '""',,.,,_,:,~:ti 1:nder· r·1~e -L:ntil­

greengratTi 121 ; k~ _'-,,:h;, ·. i'o_:u'-' c·c_ [,, '-' ;lcc!tl -':';·ee--_:!f''r~-, 

i [l)(_) kg !\"/h;~, \'dr<aL1c11 .r~ nl::r-_LT'.l ,c;,u, ·._,_,, <ti'I-· ,,-,,,;-r·\t\i 

due to opri11111t11 _c·, . .;' o' 11Tic'.t11,,i: u1c:· ,L:~- 1,11ur1u;1, L.::\c:i 
hec'iLU,e :llL'i'L'l!":"'.I 111( >l•_i!T Lt\ili Llb'lil; t':t\'Jllf..:ci jq;;­

dL·g:raJLllioE ,1:- ''r:o:Lu·1,· ;:1L1IC·, -- :'.\ J tl ;r ·- ;:1l:/:;t11'" ,_,I '-' 11 

:,oil. ScTurtdl:- 1:1 11;,· ;_1]:1;, ~! .. 1:1:; _,_.~, ,,->1] 1·;,11,·1::·.::_ 1:1,1..: 

1\'a\ 1norc: 10Lui'.11L1ciun I:·,,, u! .'\ le ,c1.lu1g tu i l~·1L,•· re.J;,ct1< 1n 
111 avaiLiblc ~,1., _11_r(:gc:;; l!:Jc:c:· l'O'.-''- l"<'.l~L.tl't 1r1.g:1t111~1-, 

_\Jutnent up;c1kr· ·v,c1-' )HJ'Jt:,.:l; 11:t1u(:·1L·cd ~,: 12-,ci' 1f 
inigettion etnd H;ll.Jgc11 rParinar ,::id Ti'.•.c1n _:i_r1\,>J1 \J:J\l.nl\1'1 

_\J upt,lkt: \\d> rL·c-·;-clc·c 1n 1·,c:c-1\ilCLll -:;~ .. ·~·cgr;:111 )"I k~ '\ 
hal due t1J hi;Lc: .. i! 1J 11giL·c1J \lclll 'll "':lL',l. ,1h1-,:1 

co11~c:quL'Illl) 111c'r•:c:-cd ~n:Lil '.\ L:r;c,Lc ':iliil; 110;, -::id ':ih:1:·111<1 
(21)(1.:'__1 al~t< rcpurlcc: high, r '.\ up1::k·2 Jlic:~r l'Crc•,: d11 1;11-.;,·cJ 
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T;ibl~ 3 Balance sheet of :nailable nitrogen in the \Oil as effected by cropping ,<.,~stem. optirnum and sub-optimutn levels of irrigation and 
nitrogen t2001-04J 

T :eaunent 

Cropping .1_;1/e1n 

c; 
cc 

!rnfunon 

( 

I, 

1\'i!ro~111 

' 
.:<, 

cropping s: stein. 

Jnitral 
a\ailahle 

soil 
nutrient 

rAJ 

29U 

290 

290 

290 

291) 

290 

Ainount of nitrogen added in 
different crop~ (kg/ha)- (Bl 

Rice \V1ntcr Green- Total 
crops gran1 

------~---

450 450 135 J(r1s 

450 J 35 [J_'i 720 

450 2';1_'\ 135 878 

--150 292 135 S"'-,, 

600 3lJO 180 1170 

300 j ':)_~ 90 585 

:'-Jitrogen balance indicated a negative balance of 
a\·ailable I\ in the soil in both the cropping systen1~. being 
higher under ricc-1vheat--greengra1n 1-564 kg/ha) follo11·ed 
by rice-lentil-grccngram (-350 kg )\"/ha). This v..·as e1'idently 
due to K Exanon by lcgun1es. ()pti1num and sub-opti1num 
level of irrigation and nitrogen had also negati1·e balance of 
ava1lablc N in the soil. l\1ore gain in available ~oil _N under 
optin1u1n lei-el (higher fr·equcncy of irrigation) n1ay be due to 
ra1·ourable ~nil 1noisture condition for bio-degradation of 
organic n1atter and mll1.oralization of N thru1 ~ub-opti1nurn 

level. l\1oreover the organic n1atter added to the soil in the 
forn1 ot root rnass and ~cncsccnt lea1·e~ 1\·a~ niore under 
optimun1 lc\cl of iri·igation 2nd nitrogen due to higher 
hiological yield_ 

Phnsplioru_1 ba!anct> 
Ce1Tal-dorn1natcd cropping 'Y~tcn1 indicated slightly 

higher availahle P in soil than the lcgu1ne don1inatcd ones 
("lable 41. The rc<,ults confirm the findings of Ku1nar and 
Prasad (2()02), \Vhich n1ay be attributed to higher (:()2 

prc~~ure_ addition of high organic rnarter to the soil systen1 
by cereal~ and 11igh pho~phatc requir.01ne11t or legun1es. 
r...1axi1nur11 a>ailablc P v,as recorded 1vith ~ub-opti1nun1 leYels 
of irrigauon but in cilse of n1trogen the trend \vas in reverse 
(Jl"tier. I-ligher hydration re<ulted in solubilization of P, 
n1incralization of organic rnattcr, providing complete c·helate 
f(lt" \oluhle Ca - :i_nd ~:iereby reduced phosphate fixation. 
Higher (:CJ: pressure 1night also be an added advantage. Soil 
availahi!iry of P,O,depends upon planL soil fixation and the 
rate of application. It seerns that lcgurne crop increased P 

Amount of 'I rc:movc:d hy the: 
differeni crops (kg/ha) - (Cl 

Rice \Vinter Green- Total 
crops gra111 

_'lfd 174 34 571 
'T _)' i 

,, 36 4C:.9 

385 104 35 -~24 

355 106 r '' 496 

406 120 38 564 

33_;. 911 32 456 

Available i\ (kgha) 

I\ utrient in Final Ket 
halance avaiablc loss 

{expected soil (-)/gain 
value)- nutncnts (+) E-0 

i1.+B-C=: (actual == (F) 
ID) ~alue~) 

(E) 

754 190 -564 

561 211 -350 

644 207 -437 

671 ( 94 -477 

896 198 ---698 

419 203 -216 

~nailabi!iry. Such differential panem of cereal~ and legumes 
v,ith \vater and nitrogen ultimately resulted in an interaction 
effect bet\veen these t\\'O Yariables. 

\1a.xi1nun1 P u;-itake v,·as recorded in rice-\\'heat -
greengrarn follo\ved b; rice-lentil-greengratn because of 
higher b:_, product production. Shanna and Sharma (2002) 
also reported higher uprake of P by cereal~ as co1nparcd to 
pulse.;;_ (lpti1nu1n level oiirTigation and nitrogen had a positive 
effect in influencing the P_,O_, uptake by crops. Phosphorus­
balance ~heo:t indicatc'd its balance on negative side a~ 
con1pared to expected available P \'alue in the soil. Atnong 
the: c:-opping. .~y.;1en;s. n1a-ximun1 negative balance in available 
P '-'la~ recorded und.or rice-v,.·hcat-greengram (-·244 kg P/ha) 
follo\\·ed b) 1ice-lentil- grL'.cngrarn (-238 kg P1ba). Among 
different le\'els of irrigation, n1axi1num negative balance \Vas 
rcconleU at op<i1nu1n level (-2.+2 kg Plha) as co111pared to 
sub-op1in1um level (-240 kg P!ha). \vhcrcas in case of different 
level~ of nitrogen n1axin1un1 negative balance v..·as recorded 
at sub-optin1u1n ie;·cl (-265 kg P!ba) co1npared to opti1nu1n 
level 1-217 kg P/ha). Thi~ inay be attributed to higher P 
fixation in the ~oil due to lesser number of irrigation. 

I'orassiurn halancc 
J\1axin1un1 po..,l-harYest 'Oil-available K was recorded in 

the plots_ having ricc-lentil-greengra1n (307 kg Kiha), 
follo\ved by ricc-1vbeat-gree11grarn (282 kg K/ha). This \Vas 
pa1tly due to the fact that cereal do1ninated cropping system 
re1novcd 1nore K fron1 the soil. It is an esta.blished fact that 
cereal' and grasses having 101v root exchange capacity utilize 
n1ure soil potassiurn fron1 the exchange complex than other 
crops. ~1axirnum available K \\'a~ recorded at optimurn levels 
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Table 4 Balance sheet of available pho~phorus in the soil as effected hy cropping ~ystcm. optinium and '>Ub-opti;iitun levels of irrigatjon and 

nitrogen (2001-04) 

Treatn1ents Initial 
available 

soil 
nutrient 

(A) 

Amount of P added in different 
crops (kgiha) -B 

Rice \\'inter Grccn­
crops grain 

Total 

Amount of P ren1oved hy the 
different crops (kg/ha) --C 

.-''\.\ailahlc P 
fkg/ha) 

Rice \\'inter Green- Tuta! J\utrienl Final !'>'cl 
crops gram in hlan'.:c ,,\·ailahle loss 

'expecteJ soil (- )/ 
vJJuc'1- nL1trients gain 

A..,.B-C= 1actual 
10', Y0Ue>:, 

([) 
---------------------------------··--·-- -

Cropping system 

c, 
c, 

lnigation 

I, 

I, 

.Nitrogen 

N 
' 

32 

32 

32 

32 

32 

32 

157 

157 

157 

157 

157 

157 

157 

!US 

131 

I 3 I 

131 

I3 I 

105 

105 

!OS 

105 

105 

105 

419 

367 

393 

393 

393 

393 

of irrigation and nitrogen and minirnum at sub-optimum 
level. The total uptake of K

2
0 wa~ 1nore in cereal do1ninated 

cropping system as compared to pulse donlinated cropping 
system (Table 5). The value >va~ rnuch higher than the applied 
K, indicating thereby that the uptake >vas higher due to 

release of fixed potassiu1n at clay co1nplex. Optimum level 
of irrigation and nitrogen he! ped 1n good plant stand. resulting 

107 

115 

112 

I !O 

125 

97 

64 

13 

37 

40 

46 

31 

12 

ii 

I I 

JC 

1n increased K,0 uptake_ 

]t(i 

139 

~61 

161 

18-1 

268 

260 

26-1-

.::-1-1 

-2-4-1-

-238 

-241 

2-1-U 

-217 

-26~ 

Potassiutn balance ~hcct indicated ;_ha: there \>vas pooiti\ c 
balance of available K in the "i1l unL,cr !Jorh the cropping 
syste1ns. :\-faxi1nurn po~1t:1c: a\·:1i!ab;c K v.a~ recorded in 
ricc-lentil--grcengran~ 1+22.2 ;;_g K'l1a1 fotlo,,,cd by ricc­
\vheat-greengnun (--'-20 Kg K/ha,. _.'.\n:ong k:\e]~ of irrigation 
and nitrogen. 1nnxin<ur::1 a 1·ailabl.: K 1'. a~ rcc1;rded in optin1u1n 

Table 5 Balance sheet of available pola~h ill the soil as effected by cropping ,y,rcn1, opr;;1:t<i11 .. nd 0U:i-ur:in1,_,rn ,'\~:, ol 1~nga~ion aiJ 
nitrogen (2001-04) 

Treatment Initial 
available 

soil 
nutrient 

cAl 

i\n1ount of pota'ih added in 
available 

Rice \'linter Green­
crops gram 

Total 

Alnounl of K ~tn1u\ t.cl h' :.~c 
different 2rop, (kg111:!. 1 8 , 

Rice \Vinler Green- 1"11L~I 

crop_., granc 

------------- ---·-----·------ -- ·--·--· 

Cropping system 

c, 
c, 

Irrigation 

I, 

I, 

Nitrogen 

N 

398 

398 

398 

398 

398 

398 

199 

199 

199 

!99 

!99 

199 

199 

!00 

100 

100 

100 
-~---------

398 

199 

299 

299 

299 

299 

365 

383 

_i92 

356 

417 

331 

158 

17 

89 

86 

104 

71 

l: 

) ) 

13 

10 

.:1-. :dLJ1ic K tkgihai 
Jiff<orce:1; ~rup'> ikg/'r.a1- ( c' 

\ ~L"JC,1: 'inal ,\;r;t 111;' 

in ~:1;;:,ce d\;1iLtblc '-)i g<cin 

'~'pccceJ 
-,,dt:e·,_ 

_\+B-C 

262 

2ir-l 

:-1-.+ 

163 

'1U'.11Cf'h !--'-) E-0 

'<tCCL!CLI = 1 f-'' 
\ <:iue; 

+ ! 22 

299 

2')\ 
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level 1+138 kg K/ha and +136 kg K/ha) as compared to sub­
optimum level (+4 kg K/ha and +6 kg K/ha) re5pectively. 
Thi, \\/it<, hccau~c of the fact that the crop might have derived 
K fron1 unava.ilable ~ource through the exch1mge equilibrium. 
The positive K balance in the ~oil indicated that non­
exchangeable fonn of K Vias released as a result of prin1ing 
action ot applied K, possibly to maintain the soil K equilibriun1 
!Kurnar and Prasad 2002). 
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