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ABSTRACT 

The trials on rice (Oryza sativa L.)-wheal (Tritcum aestivum L emend. Fiori 
& Paol.) cropping system were conducted during 1991-95 at Palampur, R.S. 
Pura and Varanasi centres of All-India Co-ordinated Research Project on 
Cropping Systems for determining the frequency of phosphorus application, so 
as to make judicious use of P fertilizer. Application of P,O,@ 90 kglha to both 
rainy season (khariq and winter (rabq season crops every year gave maximum 
system productivity of 8.6 tonneslha. However, fanners may apply 60 kg P20@a 
every year to rabi crops with greater net returns of Rs 22,705lhdyear at 
Palampur, whereas application of 60, kg P20Jha to both kharif and rabi crops 
every year recorded higher net returns of Rs 26,298lhdyear at R.S. Pura. 
Similarly, application of 60 kg P,OJha to rabicrops in alternate year resulted in 
maximum net returns of Rs 29,213/ha/year at Varanasi. 
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The capacity of crops to utilize fertilizer system. One possible reason why sufficient 
and native phosphorus may vary greatly. recommendations have not emerged is that 
Since P applied to soil is not lost out of the many of the effects have not been 
soil, liberal application to each crop in the quantified. Several workers suggested that 
system is not only uneconomic but may P application could be done during rabi 
also deteriorate soil fertility through crop and kharifcrop be allowed to take 
nutrient imbalances. Information on P benefit through residue left in soil (Mishra 
management for some cropping systems and Mishra, 1992; Tandon, 1987), as high 
has been generated but only a few practical temperature and adequate moisture during 
recommendations have emerged out till rainy season favour the availability of 
now. The concept is basically sound to residual P to kharifcrops. Realizing the 
make suitable adjustment in fertilizer importance of rice-wheat system a work 
recommendations keeping in view the P was started on centres of All-India Co- 
needs, responses and residual effects in the ordinated Research Project for determining 
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P application for judicious use of fertilizers 
to increase and sustain high productivity of 
the system. 

MATERIALS AND METHODS 

An experiment on rice-wheat sequence 
is W i g  carried out since I S 9 1  at 3,ckn- 
tres of AICRP on Cropping Systems Re- 
search, viz. Palampur, R.S. P&a and Vara- 
nasi, from 1991-92 with 3 levels of P205, 

I- viz. 30,60 and $0 kgha, and 6 phases of P 
application, viz. P205 application to both 
kharif and rabi crops every year (P,), to 
kharif crop only every year (P,), to rabi 
crop only every year (P,), to kharifcrop 
only in alternate years (P,), to rabi crop in 
alternate year (P,), and P20, application in 
alternate years to both kharifand rabi crops 
(P,). The experiment was carried out in 

- split-plot design with P levels in main plots 
and phases of P applications in subplots 
having 4 replications. At Palampur during 
kharif, rice variety 'HPU 741' was used 
with 90 kg Nlha and 40 kg qO1ha. At 
R.S. Pura during kharifrice variety 'PC 
19' was used with 100 kg Nlha, 25 kg 
qO1ha and 20 kg ZnSOdha. In rabi, 
wheat variety 'HD 2329' was used with 

- - 100 kg N and 25 kg qO/ha,  while wheat 
A> . variety 'HUW 234' was used with 120 kg 

N and 40 kg K,O/ha. At Piuampur average 
annual rainfall was 3,149 mrn. The soil was 
red having pH 5.6, with initial Organic car- 
bon (O.C.) 0.55. Available N, P and K 
were 576.8,32.6 and 207.9 kg/ha respec- 
tively. At R.S. Pura, average rainfall was 
1,058 mrn. Texture of the soil was lowland 

* clay with pH 7.6, electrical conductivity 
0.09 dS1m and O.C. 0.40%. Available N, P 
and K were 214.2, 13.47 and 105 kgha re- 
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spectively. However, at Varanasi average 
annual rainfall was 1,113 rnrn. Soil was al- 
luvial clayey, pH 7.5, electrical conductiv- 
ity 0.1 1 dSlm and O.C. 0.39%. Available 
N, P and K were 15 1,40 and 239 kgha re- 
spectively. 

The data from 1991-92 to 1994-95 were 
analysed statistically. 

RESllLTS AND DISCUSSION 

System productivity 
The rice crop did not respond to P appli- 

cation beyond 30 kg P205/ha at Palampur 
(Table 1). All the 6 phases of P,O, applica- 
tion were statistically at par. Interaction 
was, however, significant. In rabi, the 
maximum wheat yield of 2,717 kgha was 
found significant at 90 kg P205 which was 
23% and 13% higher than 30 and 60 kg 
P20,/ha. Interaction effect was significant. 
In kharif(rice) different doses of P,05 re- 
sponded differently in all plgises of P20, 
application. Similarly, in rabi (wheat) with 
different phases of P20, application, wheat 
yields increased differently. With iblica- 
tion of 90 kgha of P205 to 60th kharif and 
rabi crops every year, maximum yield of 
the system (7.4 tonnesha) can be realized. 
Application of 90 kgha to rabi crop every 
year will give yield of 7.2 tonneslha. 

At R.S. Pura, application of P205 @ 90 
kgha gave maximum rice yield and was 
significantly superior to 30 and 60 kg P205 
by 14% and 6% respectively. Application 
of 90 kg P20@a to kharifcrop only every 
year gave 4.5 tonnesha yield which was 
0.5 tonneha less from application of 90 kg 
P205/ha to both klzarifand rabi crops every 
year. In rabi (wheat), P205 @ 90 kglha 
gave maximum yield, being significantly 
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Table 1. Effect of P doses and phases on grain yield of rice and wheat in rice-wheat sequence (aver- 
age data of 4 consecutive years) 

P phase - Rice yield (kgha) Wheat yield (kglha) 

30 ' 60 90 Mean 30 69 90 Mean 

p5 
P6 
Mean 

CD (P = 0.05) 
P doses 
P phases 
Interaction 

Palampur 
4,171 , 3,937 4,032 2,324 
3,896 . 4,085 4,108 1,630 
4,325 4,125 4,117 2,441 
4,045 4,138 4,128 1,589 
4,249 .4,088 4,088 1,930 
4,247 3,579 3,985 2,378 
4,155 3,992 2,049 

R. S. Pura 
P, 4.314 4,705 5,015 4.678 3,363 3.585 3,691 3,547 
pz 3,961 4,210 4,546 4,239 2,508 2,829 3.098 2,812 
p3 - 3,663 4,015 4,175 3,951 3,178 3,356 2,482 3,339 
p4 3,489 3,706 3,901 3,699 2,278 2,536 2,666 2,493 
P5 3.439 3,675 3,831 3,648 2,578 2,929 3,073 2,860 
'6 3,792 4,065 4,332 4,063 3.792 3.177 3,250 3,073 

Mean 3.776 4,063 4,300 2,783 3,069 3,210 

CD (P = 0.05) 
P doses 22 
Y phases 31 
Interaction 53 

PI 3.93% 
p2 3,753 
p3 3,650 
p4 3,628 
p5 3,544 
'6 3,650 
Mean 3,694 

Varanasi 
4,287 3.844 
4,106 3,621 
3,860 3.710 
3,724 3,516 
3,761 3,550 
3,898 3,672 

3,652 

CD (P = 0.05) 
P doses 84 73 

s P phases 60 103 
Interaction 103 178 
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superior to 30 and 60 kg P20, by 15% and 
5% respectively. 

At Varanasi in kharif(rice) 60 kgha  of 
P205 gave maximum yield, being 10% 
higher than 30 kg P205 but at par with 90 
kg P205. Application of P205 to kharifand 
rabi crops every year provided mqximum 
yield of rice (4,287 kglha). Interaction 
effect was significant which indicates that 
at 90 kg P20,/ha in kharif and rabi crop 
every year can give maximum yield of 
4,525 kglha. In rabi (wheat), 60 kg P205ha 
gave maximum yield of 4,258 kgha which 
was 17% higher than that given by 30 kg 
P20, and was also superior to 90 kgP20, / 
ha. Application of P20, to both kharifand 
rabi crops every year gave maximum yield 
which was the highest. Interaction effect 
indicated that maximum yield of 4,750 kg/ 
ha can be realized with 60  kgha P205 with 
its application to rabi crop in alternate years 
(Table 1). 

Soii fertility 
At Palampur available P in the soil was 

maximum where P205 was applied @ 90 
kglha, being 30% more than initial value of 
available P in the soil (Tablc 2). Further, 
available P was 7% more in the soil than its 
initial value when P205-was applied to both 
kharif and rabi crops ever)/ year. At R.S. 
Pura it was hoticed that application of P205 
@ 30 k g h a  resulted in 14% decrease in 
available P of the soil below the initial 
value to any phase of P application. At 
other doses of P20;application, available P 
in the soil was more than its initial value in 
the soil (Table 2). 

Table 2. Available P status in experimental plots 
at Palampur and R. S. Pura during last 
year of consecutive cycles : 

Treatment P status (kglha) 

Palhpur R. S. Pura 
p,o, (kg&) 

30 23.8 11.8 

Effect of P phase 

P, 34.8 13.7 

pz 35.9 12.8 
p3 24.8 12.6 
p4 34.1 13.4 

p5 30.6 14.8 
pa 28.5 15.1 

lntitial 32.6 13.5 

k g h a  in both kharif and rabi every year 
resulted in maximum net return. But bene- 
fit : cost ratio of fertilizer in this case was 
only 12.46 : 1. Further, application of 
P205 8 90 kglha during rabi in alternate 
years gave 22,63Oha/year, with benefit : 
cost ratio of 41.9 1 : 1. At Palampur, applica- 
tion of P205 @ 90 kgha during rabi every 
year gave maximum net return, followed 
by application of P205 @ 60 kglha during 
rabi every year. However, benefit : cost 
ratio fertilizer was maximum when P205 @ 
30 kglha during rabi 'in alternate year was 
applied, but the total net return was not 
maximum. However, additional benefit of 
about Rs l,OOO/ha/year can be had by the 
application of P20, @ 60 k g h a  over 30 
kglha during rabi in alternate year for 

Economic analysis which benefit : cost ratio of fertilizer is also 
At R.S. Pura, application of P,O, @ 90 high which can be advised to the medium 
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Table 3. Average net return of 4 years and benefit : cost ratios of fertilizer use 

Doses Average net return (Rsha) Benefit: cost ratios of fertilizer use 
(kglhaY 
Phases P1 Pz p3 p4 ps '6 P1 pz p3 p4 p~ '6 

Palampur 

.. 
R. S. Pura C 

30 
2 

25,001. 21,053 22.705 18,763 19.933 21.806 34.27 58.48 63.07 52.12 110.74 121.14 

60 
Q 

26,298 22.660 23,358 20,755 21;795 23,908 18.27 31.47 32.44 28.83 60.54 66.41 

60 27.850 26.732 26,465 29.063 29,213 26,631 19.34 37.13 36.76 40.37 81.15 73.98 

90 27,922 27,034 26,452 24,381 26,199 26,253 12.93 25.03 24.49 22.58 48.52 48.62 3 
r 

Details of phases are given in Materials and Methods. .& 
$ 
r 

', . j ,  i 
i I 

I '  t I 



March 20001 P MANAGEMENT IN RICE-WHEAT CROPPING SYSTEM 11 

and large farmers. At Varanasi, maximum REFERENCES 
net return of Rs 29,213halyear was ob- 
tained with application of P,O, @ 60 kg/ Mishra, B. and Mishra. R.D. 1992. Phosphoi~s 

management in rice-wheat system. (In) Pro- ha during kharifin alternate years. How- 
ceedings of the Rice-Wheat Workshop, held on ever, benefit : cost ratio of fertilizer was 15-16 1990 at M6&pipurnm, Meerut, 

81.15 : 1 which is quite high but not ppe 84-92. 
~ ~ ~ ~ ~ u m .  So, this may be ~ ~ ~ m m e n d -  Tandon, H.L,S. 1987. Phosphom Research md 
ed to the medium and large farmkrs of Agrinrirurai Production in India. FDCO, New 
that area (Table 3). Delhi. 
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