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ABSTRACT 

An experiment was conducted du ring 1996-97 and 1997-98 at R/\ l J Pusa 10 e\ alu:ue 
thr irrigation requirements of differc111 rice(Ory::a saliva L.)- baSt."d crop sequences. A 
significant variation in y ield equivalence (in terms ofrice} in ditTerence crop sequences 
was observed due to winter irrigat ion. Max itpum yield equivalence ( 14.5 and 15.9 t/hn) 
was recorded in rice-potato (Sofanum //lber l.Jsum C.)- green grum (Phaseofus radiata 
L.} and minimum in ricc-gnim (Cicer arielim1m L .) - green gram (Phoseo/11s radial a I,.) 
(6.7 and 7.8 t/ha) scqurnc:~. /\sig nificant \'ariation in availability and uptake of 7.n 1md 
F( was obsavcd due to winter irrigalion in all the crop scqucm:cs. Maximum availnblc 
Zn and Fe was rc<:Nded in ricc-wheat-grccn gram (0.307 & 9.53 ppm.). Among winter 
and summer irrigatio11 . rnJximwn available Zn and Pe were recorded with ma;..imurn 
fr<><iucncy or irrit?ation followed by preceding lower levels Total uptake of Zn and Fe 
was recorded in ricc-pot:1to-grccn gram (934.58 & I 040.09 and 50 l 0.33. 5536.81 gn1a) 
Higher frequency of irrigation increased Zn and Pe uptake ~i!!.ntlknntly followed h) 
preced ing lower !evcb. 

Key words : Rice based crop scqui:nces, irrigation. uptake of Zn and Fe. 

In I n di a, t h e defic iency of 
micronutrients h as been observed in ligh t 
textu red a n d calca reo us soil s . T he 
si tu ation has been aggravated w ith the 
in trodu c tion o f high -y ieldin g cro p 
varieries and in tens ive cropping system. 
Tho ugh a lo t of information is a avai lable 
o n rice (Oryza sativu L.) - based crop 
seque nce o r d ifferen t so il and agro­
cl imati c co ndit ion s of th e country. 
Howeve r informat io n o n th e relati ve 
effect o f irri gat ions on a vailabili ty and 
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uptake of Zn and Fe for individual crops 
unde r a particular sequence is very 
meagre. With these objectives, the present 
expe riment was conducted with different 
r ice-based crop sequences under varying 
levels of irrigation to quantify avai la ble 
Zn and Fe status in t he soil and its uptake 
by different «rop sequences. 

MATt;RlALS AND Mn 1wns 

The field experiment was conduc ted 
during 1996-97 and 1997-98 at Pusa, in 
the sandy-loam calcareous {23% CaC01) 

soil having pH 8.4 (I :2 soi I : water). T he 
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soil had electrical conductivity (0.24 ds/ 
rn) and water table of 2.0-6_ J m from soil 
surface during the crop season. The initial 
soil sample ( I 0-30 cm) contained 0.48 
ppm Zn/ha and 12.00 ppm Fe/ha. The 
<:xperiment was laid out in split plot design 
\.\ ith a combination of winter and summer 
irr igations in main plots arid crop 
sequences in sub-plot with 3 replications. 
Rice was grown with common irriga tion 
or 7 cm depth 3 days after disappearance 
o l ponded water. For wheat and winter 

maize. lW: C PE ratios were 0.9 (1
1
), 0.71 

(I,) and 13) and for potato 1.2 (1
1
), 0.9 (1

2
) 

and 0.6 (13). Depth of each irrigat ion was 
6 cm. C umulative pan evaporation was 
computed as sum of the daily evaporation 
from s tandard United States Weathe r 
Bureau Class A Open Pan_ In fnd ian 
mustard. irrigation levels were two 
i rrigations at 30 and 60 days (1

1 
) . one 

irr igation at 30 days after sowing (l
2

) and 

the rainfed (I). In gram also l ,, 1
2 

and 1
1 

comprised two irrigations at 40 and 75 
d:iys, one irrig ati o n at 40 days after 
sowing and rainfed respectively. Summer 
g1cen gram and black g ram were 

abo grown at 2 irrigations with 20 and 
40 days after sowing (W

1
), one irrigation 

at 20 days after sow ing (W
2
), and 

ra in fe d (W 1 ). Five rice - based crop 
sc:-quenccs were : rice-wheat-green gram 
((' 1)rice-winter maize-black gram (C

2
). 

ric e -potato -g ree n g ram (C _
1

) . rice­
mu ~ lard-green gram (C

4
), and ri ce­

g1am-green gram (Cs). 
Soil samples were collected from each 

p101 in the beginning and the end of the 
expenment. In the processed soi l sample 
availa ble rnicronutricn ts were extracted 

with DTPA (Diethylene traiamine penta 
acetic acid) in extracting solution (0.005 
M DTPA :0, 01 M triethanol amine (TEA) : 

0.01 M (CaC12) adjusted at pH 7-3) in a 
soi! : solution ratio of I :2 and shaken for 
two hours (Lindsay and Norvell, 1978). 
The available Zn and Fe were determined 
in a clear aliquote with the help of Atomic 
Abso rpt ion Spectrophotometer Varian 
Tectron (AA r 20). Oven dried ground and 
sieved samples were digested in tri-acid. 

mixture of HNOr f-ICL04 and H
2
S0

4 
in 

J 0:4: I ratio. In the aliquote Zn and Fe were 
determined w i th 1he help of Atomic 
Spectrophotometer and the concenlraiton 
in the sample were estimated from the 
calibration curve. Yield equivalence was 
calculated in terms of rough rice on the 
bas is of the prevailing market price of 
different crops. 

REsu L TS AND D rscuss11m 

Yield equivalence 
There were s ig nificant differences 

among the crop sequence with respect to 
yield equivalence. During both the years. 
maximum yield equivalence in terms of 
rice was recorded in rice-potato-green 
gram ( 14.57 and 15.95 t/ha), followed by 
rice-maize-black gram ( 10.39 and 11 .55 ti 
ha). Winter crops mostly governed the 
variation in yield equivalence because rice 
was grown at the same level of irrigation 

· in each case and variatio n in yields of 
summer crop was marginal. The highes t 
y ie ld equivalence in potato was due to 
much higher yield of potato than maize or 
wheat in spite of low selling price of potato 
as compared to these 2 crops. Suitability 
of potato as one of the crops in 3-crop 
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rotation was also reported by Sharma et. 
al. ( 1988). 

Winter irrigation also had a significant 
effect on yield equi valence. The yield 
equivalence at maximum frequency of 
irrigation (J 1) resulted in significantly 
maximum value ( l 0.67 and 11 .67 t/ha) 
followed by preceding lower levels. The 
interaction between winter irrigation and 
crop seq uences turned out to be 
significant during both the years. 
Maximum yield equivalence (16.82 and 
18.33 t/ha) was reco rded in sequenc~ 
having potato with maximum frequency 
of irrigation and minimum with lowest 
frequency of irrigation in the seq uence 
having gram . This was because of the fact 
that optimum moisture helped in proper 
utilization of nutrients and maintaining the 
required hydration of protoplasm. The 
proper maintenance of hydra tion of 
protoplasm might have reduced the 
viscosity and increased the permeability of 
both water and nutrients (Stocker, 1960). 

Available 
There was mark ed reduc tion in 

available Zn status in the soi l as compared 
to its initial value and showed a marked 
variation due to different sequences. The 
DTPA-Zn ranged between 0.298-0.308 
ppm at the completion of fir$t year of crop 
sequence and 0.298-0.309 ppm after 
co mpletion of second ye ar cycle as 
compared to the initial available Zn of0.48 
ppm. The reduction in Zn was due to 
adoption of intensive crop rotation, which 
has been observed by Singh and Sandhu 
( 1980). Moisture might have im posed 
restrictions on the movement of Zn to 
reach the functional. 
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Winter irrigation had a significant 
effect on the available Zn content of the 
soil. The left over Zn in the soil was higher, 
when the frequency of irrigation was 
higher. In case of minimum frequency of 
irrigation, the value was lowest because 
of the fact that paucity of site for final 
assimilation while in case of higher 
frequency diffusion as well as availability 
was higher due to increase in 1c111peraturc 
by frequent irrigation water. 

A.vailable Iron 
There was significant effect of crop 

sequence on avai lable Fe content of soil 
after completion of both the crop cycle. 
Jn both the years, the left over available Fe 
was higher in maize and potato dominating 
sequence (9.59 and 9.53 ppm). This might 
have been due to less utilization of Fe by 

maize, which is a c4 plant requiring higher 
temperature for uptake of nutrients as 
compared to wheat. gram and mustard. 
which are primarily winter crops. The 
value in case of potato was lesser (80-90 
ppm) in the haulms of potato against 420 
ppm in case of gram, 200-205 ppm in the 
case of wheat (Th ind et. al .. 1979). 

Irrigation had a significant role on 
available Fe content of soil. In case of 
higher frequency of irrigation, the 
avai lability of Fe was higher because more 
frequency of irrigation led to reduce for 
relatively more period than less.er 
frequenc y of irrigation. The reduced 
situation might have increased the 

availability offe· ' in the soil and ultimately 
the left over value was higher. 

Zinc uptake 
The total uptake of Zn by different crop 
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<>t:q.ie11ce'> varied between 007-10-10 g/ba 
111 hnth the years. Among ~cq uenccs. the 
up1a~~ wa<> highi:r in cas.: ('lf lht' sequence 
>:l'illain ing ~ otato due to bigb<.: r yid<l and a 
ml'd ium range of conccnrrn1 ion. Thoug.h, 
tli<' concentrat ion of i'n was highe r in 
!Wt~r~1rd, the total uptake was rdat i vcl~ 
le·· -;er a~ coin pared to cereals and potato 
du\: 10 iow yield of mustard. 11 ig.hcr uptake 
of Zn under potato coniairnng scqucnc..: 
has hecn reponed by Singh and Sandhu 

(] 9R0) JS well. 
[Jdkren1,;c in the uptake of Zn was 

found to be non-significant due lo summer 
1rrig,cition indicating that uptake is mediatl:d 
th. ougl1 temperature controlled ~I i ffuo:,ion. 
"nid1 1s not greatly infll!l:nccd b~ higher 

nwi:;ture U'liH'>l t'l ~.o 11 ',;: 1 1 •. ,\ 

ir11g.11ion 1:1 wtnlcr ~1gn1 :c. '\ "'lq, .:1..· • 
/,11 uptake. i\·1,1\'ll)lltn I rL1i,. c \' .. l' 

ob5erved \.\ ith hig,hl'f 1 rt qu •nc..~ L)l 

inigati<~n. \\ hicll !ecrc,1s~<l \.\ 11h 
dcc..rea~ing. aumtwr of irrn.!ation •n hith th,• 
years of cxpenn1~·nta1i1>11 1 hi ~ re\ 1·;d,'<'. 

that the effect 0l 1rr11'.at1on '"'""' rt"is!l' ll''' 
to temperawr1!·Con1ro!lcJ d1fi11:1 111 tn 
1('01~ f\', J1ffl'l<!lll -..:IJlll''lU" h.11 

different 11atme 11!' cr11p·· <'u1 rn·• \\ .i1tc'.! 

\\ h->SL' co11ccntrai1on 'ar.e" , , i L c:1 ·. 
under different ,,•ib.il .. 1.., 

unidi rectional tr;:nd .,,.,1-. ob--en ni U • ...: to 
tnis diversity, th<- int1;1;.1,·t1on b~·t\'.\.'Cn, !1'p 

seyuencc ;:md "'ink1 1rn~aunn \\ .1<.: ;. ,, n i 

t('l he siµr11ticant. 

11 I ll•l'alllllfl•---l!:il:IKL 
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Table 2.; Effect o f irr ig;ition and crop sequencl.' on Zn and Fe upta ke 

Treatmenls Zn uptake (~rn) 

1996-97 1997-9R 
A) Winter irrigation 

1, 820 07 '115 69 

732 70 80 I. 7:l 

1)12 61 716.67 
CD. (0.05 \ ZR 20 57.67 
BJ ::,ummer 1rr1gat1n11 
\\' 

I 729.22 8 16.41 

w~ 740.24 814.76 
w 

' 
725.95 ?.02.91 

C.D (0 05) N.S. N.S 
CJ r'rop sequent'<? 

c; 68 1.28 730.00 

co 791.00 ii·l9.0'l 
( ' • 934.58 1024.09 
(.; 

4 645.19 710.23 

cs 606.85 727.45 
cf) (0 05) 18 10 43.42 

Iron uptake 
The rota! Fe up<ake in various c. rops 

sequence~ gencra.LJy ranged between 
3.7-5 .5 kg/ ha per crop sequence . Initia l 
available Fe in the soil was a round 24 
kg/ha.Though soil Fe may be high-er, Fe 
management becomes highl y imperative 
because in the calca reous soi I, where 
pf-I is high, Fe is precipitated as: 

Fe( OH)~ ---Fe2(0H) ,--- Fe
2
(C0

1
)-- -Fc

2
CO, 

Which is highly insol uble, Hence, h igh pH 
and high carbona te content resu lted in the 
prec ipitation and .unavailability of Fe. Fe 
uptake was signi fican tly influenced by 
different crops sequen ces. Though the 
uptake was highest in case of sequence 
containing potato. S imi lar results were 
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Fe uptake (g/lla) 
1996-97 1997-98 

4877.75 5406.08 
3992.35 4402.00 

3352.82 3719.82 
165.98 301.59 

407.J. I 1 4572.86 
4120.40 45 I0.56 
4029.42 4444.57 
N.S. N.S. 

4'CHJ244 4314.2:5 
4006.74 4295.62 

50 10.33 5536.8! 
361!6.62 41 18 . 74 

3667 07 4281 .07 
I 13.44 206.11 

also observed by Singh and Sandhu. 1980. 
The magnitude of increase was relatively 
low due ro lower concentration of Fe In 
potato tuber and haulm . The uptake was 
almo5t equal in case of seq uence 
containing gram and mustard because in 
the mustard the concentration was higher 
in grain, while in case of gram in straw, 
which balancc.d each o ther and equa lized 
the total uptake. 

As iron is a redox ele ment, its 
availability is generally governed by 
application of water and organic matter, 
which help in creating reduced condit ion. 
W inter irrigation significantly influenced 
the Fe uptak.e indicating that irrigation 
could produce environment 10 inc rease Fe 
availability. But the same level of irrigation 
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could not control the rcdox s ituati on i n 
summer because of high rate of 

evapotranspiration and tl'>crefbrc, could not 
produce significant difference in uptake. 
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