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Abstract

In a long-term experiment on rice-wheat
cropping system progressing at Ludhiana, India
since 1990/91, feasibility of different phosphorus
(P) management practices was studied in terms
of sustainable high yield levels and maintenance
of soil productivity. Besides a control (no P), 6
treatments (26, 39, or 52 kg P ha! yr'!) were
applied to rice and wheat in different
proportions. Results showed that general
recommendation for northwest India of
application of 26 kg P ha'! to wheat and no P to
rice gave the highest grain yields of rice and
wheat. Reducing P dose to wheat to less than 26
kg P ha' adversely affected the yield of wheat
and application of any P to rice did not help
increase its yield. Phosphorus balance in the soil
obtained by subtracting total P removed by rice
and wheat from total P applied, however,
changed to negative when 26 kg P ha'! was
applied to wheat only. The study indicates that
this practice may not be able to produce
sustainable high yields in the decades to come.
The P balance in the soil further indicated that
it may be better to apply more P to wheat rather
than applying any P to rice. Application of more
than 26 kg P ha! will ensure build-up of
available P in the soil. During the initial 5 years

application of 26 kg P ha! to wheat and no P to
rice maintained the Olsen's P in the soil at
levels recorded at the initiation of the
experiment. Continuation of this trend, however
can be tested only by extending the long-term
experiment for a decade or so.

Introduction

The soils in northwest India were generally low
to medium for available phosphorus (P) a few
decades ago. Due to application of P fertilizers
year after year, the number of soils testing low
and medium have decreased and those testing
high have substantially increased (Brar and
Singh 1986). Crop recovery of applied P ranges
from 15% to 30% and depending on temperature
and moisture regimes considerable residual effect

may be observed on the succeeding crop
(Kamath and Sarkar 1990).

In irrigated soils of northwest India, rice
(Oryza sativa L.) followed by wheat (Triticum
aestivum L.) constitutes one of the most
important cropping sequences. Based on a large
number of field experiments on wheat carried
out in the region, a general recommendation of
applying 26 kg P ha' is followed. Being a winter
crop, wheat responds to P application more than
rice does. Kanwar (1972) found that P deficiency
for rice was not prevalent in north India. Due to
high temperatures and flooded soil conditions,
availability of soil P is substantially enhanced
(Gill and Meelu 1983; Singh et al. 1988).
Hence, application of 13 kg P ha! to rice is
recommended in soils testing low in available
P (<5 mg kg' 0.5 M NaHCO, extractable P).
Thus many farmers have been applying fertilizer
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P to both rice and wheat whether grown in a

sequence or otherwise.

In rice-wheat rotation rice does not respond
to P when the recommended dose of 26 kg P
ha'! is applied to wheat (Gill and Meelu 1983;
Saggar et al. 1985). Though this recommen-
dation is now being widely followed its
sustainability aspects are not very clear. In
China, total P removal by rice and wheat was
doubled when P was applied to wheat rather
than to rice (Run-Kun et al. 1982).

A long-term field experiment was initiated to
investigate sustainability of different P
management practices in terms of yield and P
balance in the soil. Total removal of P by rice
and wheat in comparison to the amount of P
applied through fertilizers was assessed to
determine the viability of various P management

practices.

Materials and Methods

A long-term field experiment with rice-wheat
rotation is in progress since winter 1990/91 at
Ludhiana (30°56' N, 75°52" E), Punjab, India.
The soil was well-drained Fatehpur loamy sand
(Typic Ustochrept) with 66% sand, 19% silt, and
15% clay in the surface horizon. The 0-15 cm
soil depth had 0.42% organic carbon (Walkley
and Black wet digestion method), 0.23 dS m™!
electrical conductivity, 0.06% total nitrogen (N),
4.0 mg kg' 0.5 M NaHCO, extractable P (Olsen
P) and 40 mg kg! IM neutral ammonium
acetate-extractable potassium (K).

The experiment with 19.8 m? (9 m X
2.2 m) plots was laid out in randomized
complete block design with 3 replications. The
levels of P (kg ha') applied to rice and wheat in
different treatments were: T1 — rice,, wheat;; T2
— rice,, wheat

T3 — rice,, wheat,;; T4 — rice,,

399
T6 — rice ,, wheat,;
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wheat; T5 — rice ,, wheat ;

and T7 - rice,, wheat,,.

The wheat cultivar HD 2329 (PBW 343 in
1995/96) was sown in the first week of
November at seeding rate of 100 kg ha'! and row
spacing of 20 cm. A uniform dose of 120 kg
N ha! through urea and 25 kg K ha' through
muriate of potash was applied to wheat. All of
the P (as single superphosphate) and K were
drilled below the seed at sowing of wheat. Half
of the N was incorporated into the soil at the
last preparatory tillage and the second half was
top dressed after 3 to 4 weeks just before first
irrigation. Wheat was irrigated by applying about
7.5 cm depth of tubewell water at a time and a
total of 3—4 irrigations were applied to raise the
crop. Wheat was harvested in the first week of
April.

After the harvest of wheat, the field was
kept fallow till June 7-15, when 5- to 6-week-
old seedlings of rice (PR 106 during 1991-94
and PR 111 in 1995-96) were transplanted. Rice
seedlings were transplanted with a spacing of
20 cm X 15 cm. A uniform dose of 150 kg N
ha' and 25 kg K ha! was applied to rice. All P
and K were incorporated into the soil with the
last puddling operation. One-third of the N was
broadcast on soil at rice transplanting. One-third
N was top dressed at 3 weeks after transplanting
and the remaining one-third at 6 weeks after
transplanting. A basal dose of 50 kg zinc sulfate
ha! was applied to rice in alternate years. Both
tubewell and canal waters were used to irrigate
rice. The water was kept standing continuously
in the field for 3 weeks after transplanting rice.
Thereafter, irrigations were applied 2 days after
the ponded water infiltrated into the soil. Straw
of both rice and wheat were removed from the
plots after harvest of the crops.

Grain and straw yields of rice were recorded
at 14% moisture content and oven-dry basis
respectively. Grain and straw samples of both
rice and wheat were analyzed for P content by
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digesting the samples in a mixture of HNO,,
HCIO,, and H,SO, (9:3:1) and using the
vanadomolybdate yellow color method (Jackson
1967). Available P in 0-15 cm soil samples
collected from all the plots 10-15 days after the
harvest of rice was determined by extracting the
samples with 0.5 N NaHCO, as described by
Olsen et al. (1954).

Results and Discussion

Wheat yield

During winter in all years from 1990/91 to
1995/96, wheat significantly responded to
application of P (Table 1). Mean grain yield of
wheat was the lowest when no P was applied. In
all the years, significant increase in grain yield of
wheat were observed up to 26 kg P ha!. This
confirms the results of Meelu and Rana (1978),
Gill and Meelu (1983), and Saggar et al. (1985).
Azad et al. (1993) reported that on soils low in
available P, wheat responded significantly up to
39 kg P ha'! at different locations in Gurdaspur
district of Punjab. Application of 13 kg P ha'
each to wheat and rice gave significantly lower
grain yield than 26 kg P ha'! applied to wheat in

all the 6 years thereby suggesting that direct
application of 26 kg P ha'! to wheat is a must
for achieving its yield potential. In the present
investigation, wheat grain yield did not
significantly increase by increasing the P dose
beyond 26 kg P ha'. A response of wheat to
applied P was observed in soils possessing Olsen
P up to 14 mg kg! and P application to wheat is
made even in soils testing high (>9 mg kg!) for
available P (Gill 1992). It seems that for soils
under wheat definition of 'high P' should be
readjusted.

Little residual effect of P applied to rice was
observed on grain yield of wheat. When no P
was applied to wheat, 26 kg P ha! applied to
rice gave about 0.76 t ha! more wheat grain
than the control (no P) (Table 1). Possibly, due
to alternating oxidized and reduced conditions, P
applied to rice was converted to forms (such as
ferric phosphate) which were not as easily
available to wheat as directly applied water
soluble forms of P,

[rrespective of P treatment to rice or wheat,
the grain yield of wheat did not show a
declining trend over the years (Table 1). It seems

Table 1. Effect of phosphorus (P) fertilization on grain yields of wheat in rice-wheat cropping

system at Ludhiana, Punjab, India.

Treatment Grain yield of wheat (t ha)

(kg P ha')
Rice ~ Wheat 1990/91  1991/92  1992/93  1993/94  1994/95  1995/96 Mean!
0 0 2.47 1.82 2.37 2.39 2.26 2.41 2.29+0.08
0 26 4.68 4.19 4.06 4.69 4.56 4.77 4.49+0.08
0 39 4.79 4.52 4.19 4.69 4.75 5.11 4.68+0.09
26 0 2.15 2.77 3.24 2.92 3.83 3.41 3.05+0.15
13 13 4.00 3.67 3.57 3.96 4.03 4.38 3.94+0.09
13 26 5.02 4.09 4.09 4.39 4.89 4.88 4.56+0.11
26 26 4.80 4.16 4.34 4.72 5.08 5.14 4.71+0.11

LSD(P = 0.05) 0.37 0.51 0.43 0.51 0.39 0.42

1. SEm based on data from 18 plots.
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that management of P did not influence
sustainability of wheat yields at least during 5-6
years.

Rice yields

Rice did not respond to applied P in 5 out of 6
years (Table 2). In 1995, 26 kg P ha'! gave
significantly more grain yield than the control
(no P). Lack of response of rice to P is
attributed to flooding of soil during growth of
rice and high temperatures prevailing during
summer in northwest India. Interestingly, the
rice crop did not respond even when no
application of P was made to both rice and
wheat continuously for 5 years. Flooding the soil
increases the availability of native and added P
(Patrick and Mahapatra 1968; Ponnamperuma
1985) and as a consequence yield responses of
lowland rice to fertilizer P are generally small
(De Datta and Gomez 1982). Phosphorus
availability in soil increases under submerged

conditions due to reduction of ferric compounds;

increased solubility of Ca-P compounds as a
result of pH depression due to CO,
accumulation by organic matter decomposition
and through organic acids released during
anaerobic decomposition of organic matter;
release of phosphate ions from the exchange
between organic anions and phosphate ions in
Fe-P and Al-P compounds; and increased P
diffusion (Sanyal and De Datta 1991). Gill and
Meelu (1983) have demonstrated the positive
effects of flooding and high temperature in
enhancing the availability of P to rice and
consequent lack of response of rice to applied P
in the study area. In a 5-year study, Saggar et al.
(1985) showed that rice did not respond to P
application when the recommended dose of 26
kg P ha'! was applied to wheat. The results of
the present long-term experiment, however,
indicate that while application of 26 kg P ha'! to
wheat is essential to obtain its full yield
potential, it has no effect on the yield of
following crop of rice which can meet its P

Table 2. Effect of phosphorus (P) fertilization on grain yields of rice in rice-wheat cropping

system at Ludhiana, Punjab, India.

Treatment Grain yield of rice (t ha')

kg P ha'
Rice  Wheat 1991 1992 1993 1994 1995 1996 Mean!
0 0 0.26 5.23 6.34 4.65 4.01 4.19 5.11+0.24
0 26 5.92 5.42 6.29 4.73 4.10 4.24 5.12+0.21
0 39 5.71 5.75 6.17 4.70 3.87 4.27 5.08+0.22
26 0 5.97 5.60 6.86 4.58 5.02 4.68 5.45+0.20
13 13 0.23 5.87 6.38 4.72 4.45 4.40 5.34+0.21
13 26 5.79 5.46 6.34 4.58 4.10 4.47 5.12+0.20
26 26 6.00 5.48 6.29 5.04 4.90 4.38 5.35+0.17

Mean? 5.99 5.55 6.38 4.71 4.35 4.38

+0.08 +0.08 +0.07 +0.07 +0.10 +0.06
LSD (P=0.05) NS’ NS NS NS 0.70 NS

1. SEm based on data from 18 plots.
2. SEm based on data from 21 plots.

3. NS=not significant.
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requirement fully from the enhanced availability
of soil P due to high temperatures and flooding
of soil.

Contrary to wheat, grain yield of rice showed
a declining trend over the years. Slope and
intercept of linear regressions of rice grain yield
over time reveal the effect of P management on
sustainability of rice yields (Table 3). It is
interesting to note that when 26 kg P ha! was
applied to rice, the rate of decline of rice yields
(slope) was minimum irrespective of whether P
was applied to wheat or not. In 0 or 13 kg P
ha'! treatments, the slopes were less than those

observed for 26 kg P ha'! treatments. Therefore,
data of rice grain yield from the 7 treatments
were segregated into 2 groups — the treatments
receiving 26 kg P ha! to rice and the treatments
receiving 0 or 13 kg P ha'!. Plots of the rice
grain yield data in the two groups against years
demonstrate the role of applying P to rice in
retarding yield decline with time (Fig. 1).

Recently, Nand Ram (1995) compiled data
for 20 years (1972-92) from a long-term
experiment on rice-wheat-cowpea (Vigna
unguiculata (L.) Walp.) rotation progressing at
Pantnagar in Uttar Pradesh, India. Phosphorus

Table 3. Slope and intercept of linear regressions of rice grain yield over the years for different levels
of phosphorus (P) in rice-wheat cropping system at Ludhiana, Punjab, India.

Treatment (kg P ha')

Intercept Slope r’ SE
Rice Wheat (n=18)
0 0 6.68 -0.45 0.61 0.61
0 26 6.51 -0.40 0.61 0.55
0 39 6.51 -0.41 0.61 0.55
26 0 6.50 -0.30 0.37 0.65
13 13 0.85 -0.43 0.77 0.40
13 26 6.37 -0.36 0.54 0.56
26 26 6.46 -0.31 0.62 0.42
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Figure 1. Regression of grain yield of rice at 26 kg P ha' and at 0 to 13 kg P ha! during
1990-96 in rice-wheat cropping system at Ludhiana, Punjab, India.
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was applied to both rice and wheat. It was
observed that both rice and wheat did not
exhibit response to P in the early years of the
experiment. Mean grain yield response to P
application during the last 5 years was 126 kg
ha! for rice and 213 kg ha' for wheat; mean
response during the 20-year period was only

16 kg ha! for rice and 47 kg ha! for wheat.
Thus, a different pattern of response of rice and
wheat to P could be found if the present
experiment continues for a long period. The data
on P balance in the soil as discussed in the next
section provides a better indication in this

direction.

P uptake by rice and wheat and P balance in
soll

The highest P removal by rice and wheat was
recorded when both rice and wheat received

26 kg P ha' each (Table 4). The amount of
total P uptake by rice and wheat depends on
production level, amount of applied P and soil
type. Rice-wheat cropping system can remove as
much as 45 kg P ha! (Khera et al. 1990).
Interestingly, despite effects on wheat yields total
P removal by rice and wheat for a given P input
level was similar irrespective of the fertilizer dose

split between rice and wheat. For example, total
grain yield of rice and wheat in the treatment in
which 26 kg P ha'! was applied to rice alone,
was significantly less than the yield from the
treatment in which 26 kg P ha'! was applied
only to wheat (Tables 1 and 2), yet total P

removal in both treatments was similar.

All treatments to which a total of 26 kg P
ha'! is being applied whether to rice, or to
wheat or to both the crops, showed a negative
balance year after year (Table 5). In the
treatment receiving a recommended dose
of 26 kg P ha! to wheat and no P to rice,
the P balance is very low. It raises a question
as to how long this recommendation will be
able to sustain the yields of rice and wheat
grown in a sequence. Undoubtedly, continuation
of this long-term experiment will provide

some answers.

Looking at the P balance in soil, it seems
that to ensure high productivity in the years to
come and to produce sustainable high yields in
the rice-wheat system, around 35 kg P ha'!
should be applied in a year. The P balance in
the treatments in which 39 kg P ha' was applied
to wheat alone compared with the treatment in

Table 4. Total phosphorus (P) removal in the above ground biomass of rice and wheat as affected
by different levels of P applied to the two crops grown in a fixed rotation at Ludhiana, Punjab, India.!

Treatment P removal by rice and wheat (kg P ha)

(kg P ha)
Rice ~ Wheat 1990/91 199192  1992/93  1993/94  1994/95  1995/96 Total
0 0 24.8 24.4 24.9 24.9 20.8 23.0 142.8
0 26 31.9 32.7 33.1 33.5 29.3 29.9 190.4
0 39 32.3 34.8 33.0 34.8 31.4 32.7 199.0
26 0 32.0 33.0 32.7 30.9 29.2 28.2 186.0
13 13 31.8 30.0 31.7 36.1 29.7 29.1 188.4
13 26 33.1 34.1 35.6 35.8 31.4 33.2 203.2
26 26 37.7 37.5 37.3 37.4 34.3 33.7 2179

1. Rice and wheat straw not returned back to the soil.
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which 26 and 13 kg P ha! were applied to rice, levels of P applied to rice exerted a

wheat and rice respectively, indicates that profound influence on available P status of the
applying more P to wheat may prove more soil. A significant build-up in available P in the
beneficial in the long run (Table 5). soil was observed when 26 kg P ha'! was applied

to rice (Table 6). Similar build-up was also

Available P in soil observed when along with 13 kg P ha' to rice,

When no P was applied either to rice or to 26 kg P ha' was applied to wheat. Sharma et al.
wheat, a significant decrease in available P was (1987) observed an increase in available P status
recorded from 1992 onwards. Since from 6.7 kg P ha! to 12.2 kg P ha'! with similar
measurements were made after the harvest of P levels in rice-wheat system at Ludhiana.

Table 5. Effect of phosphorus (P) fertilization on the P balance in the rice-wheat cropping system at
Ludhiana, Punjab, India.

Treatment P balance! (kg P ha')

(kg P ha')
Rice ~ Wheat 1990/91  1991/92  1992/93  1993/94  1994/95  1995/96 Total
0 0 -24.8 -24.4 -24.9 -24.9 -20.8 -23.0 -142.8
0 26 -5.9 -6.7 -7.1 -7.5 -3.3 -39 -34.4
0 39 6.7 4.2 6.0 4.2 7.6 6.3 35.0
26 0 -6.0 -17.0 -6.7 -4.9 -3.2 -2.2 -30.0
13 13 -5.8 -4.0 -5.7 -10.1 -3.7 -3.1 -32.4
13 26 5.9 4.9 3.4 3.2 7.6 5.8 30.8
26 26 14.3 14.5 14.7 14.6 17.7 18.3 94.1

1. P balance=P applied — P removed by the crops.

Table 6. Effect of different levels of phosphorus (P) applied to rice and wheat on Olsen P in soil after
harvest of rice in rice-wheat cropping system at Ludhiana, Punjab, India during 1992-96.

Treatment Available P in soil after rice! (kg ha')

(kg P ha')
Rice ~ Wheat 1992 1993 1994 1995 1996
0 0 8.1 10.3 8.4 7.8 7.5
0 26 10.2 12.8 11.3 10.1 9.8
0 39 10.2 12.7 10.4 11.2 11.0
26 0 11.3 13.3 11.3 12.3 13.0
13 13 10.2 9.9 9.8 10.1 9.9
13 26 13.0 12.6 14.1 12.3 13.0
26 26 13.5 15.8 16.9 17.1 17.0

LSD (P = 0.05) 1.1 1.1 0.9 1.0 1.0

1. Soil available P at initiation of the experiment=10 kg ha'.
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An important observation from the
treatment in which recommended dose of 26 kg
P ha'! and no P is being applied to wheat and
rice, respectively, is that available P status of the
soil is maintained equal to the initial status of
the soil during 1990/91 (Table 6). Application of
39 kg P ha'! to wheat alone, in general, does not
help in increasing the available P status of the
soil over that observed with 26 kg P ha.
Perhaps, during the 30 to 60-day period when
after removing from the field plots, the soil
samples were dried, processed, and stored before
analysis, P might have fixed due to reoxidation.
It may explain both the lack of increase in
available P by applying 39 kg P ha'! over that
observed at 26 kg P ha'! and the negligible
change in available P from the initial values in
treatments receiving up to 39 kg P ha'l.

Conclusion

The long-term experiment conducted during
1990-96 provides convincing evidence that the
general recommendation of applying 26 kg P ha'
to wheat and no P to rice gives high sustainable
yields in the rice-wheat system in northwest
India. Phosphorus balance in the soil indicates
that this recommendation may not be feasible on
a long-term basis because of a negative P
balance observed year after year. To work out P
management practices which can ensure both
maintenance of soil productivity (in terms of
available P status of the soil) and sustainable
high yields in the cropping system, the
experiment will have to be continued for 10 to
15 years. Experience from the long-term
experiments on P progressing under different soil
and climatic conditions provides an indication
that yield trends with a particular P management
practice may change with time. Keeping in view
that even in northwest India, rice responds to P
application at a few locations, it is suggested that

long-term experiments on the management of P

be initiated at more locations where soils are
different than at Ludhiana.
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