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ABSTRACT

Phosphorus (P) nutrition of the rice cropping system is very important due to alternate wetting and drying cycles. A field
experiment was conducted on a sandy loam soil (Typic Camborthid) to observe residual effect of P on succeeding crops
and rate of P depletion after one crop rotation (wheat- sorghum fodder-rice). Rice was raised as second crop on the
residual P after sorghum fodder, grown after wheat. Analysis of variance (ANOVA) technique under RCBD was used
and Duncan’s multiple range test (DMR) was applied to see the significance of difference among treatment means.
Maximum residual P after sorghum fodder was 13.10 mg kg-1, considered quite sufficient for rice crop.  The significantly
higher yield of paddy (2.83 Mg ha-1) and straw (2.96 Mg ha-1) was found where residual P was 10.65 mg kg-1 soil.
Maximum P concentration (0.15 %) in paddy was found at highest residual P level while in straw it was maximum (0.10
%) where residual P was 10.65 mg kg-1 soil. Similar trend was found in case of P uptake i.e. it was significantly higher in
paddy (4.22 Kg ha-1) at highest residual P level and straw (3.05 Kg ha-1) where residual P was 10.65 mg kg-1 while total
P uptake was maximum (7.20 kg ha-1) at highest residual P level. Maximum Olsen- P (8.70 mg kg-1) was found after
harvest of rice crop where maximum P was applied to wheat. Level of P depletion at the end of three crops was found to
be 0.004 mg kg-1 annum-1 where P was applied at 13.76 mg kg-1 soil and this depletion was promoted where no NPK was
applied and further deterioration was noticed where only NK was applied without P. However at the higher rates of P
application, there was no net P depletion It may be concluded from this study that phosphatic fertilizers be recommended
and applied to the crops by taking P adsorption capacities into the account and P application should be soil and crop
specific as the solution P and Olsen P vary with varying soils and crops. The residual P upto 13.1 mg Kg-1 can support 2
to 3 succeeding crops in loose textured soils and soils are being mined annum-1 @ 0.138 mg P kg-1 if no fertilizers are
applied @ 0.149 mg P kg-1 if only NK are applied in light textured soils under rice cropping system.
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INTRODUCTION

Judicious application of P-fertilizer is a key
factor in the cereals based system of Pakistan for
sustainable agriculture. Imbalanced fertilizer use,
especially in terms of agricultural productivity and
economic growth in Pakistan (NFDC, 2006). The
application of essential plant nutrients in optimum
quantity and right proportion, through correct method and
time of application is the key to increased and sustained
crop production (Cisse and Amar, 2000). Added P is not
irreversibly fixed in forms that are unavailable to plants.
Consequently, the efficiency of use of P added in
fertilizers is often high (up to 90 percent) when
considered over an adequate time scale and when
evaluated using the balance method. Residual P
contributes to the readily plant-available pool, but the rate
of release may not be sufficient to maintain the critical
value required to meet the P requirements of high-
yielding cultivars. In such situations, P must be added in
order to maintain the critical value to obtain optimal
yields. (FAO, 2008). According to NFDC (2001), 93% of

Pakistani soils contain less than 10 mg kg-1 Olsen-
extractable P and are thus deficient. Phosphorus
deficiency is invariably a common growth and yield
limiting factor in unfertilized soils, especially in soils
high in calcium carbonate which reduces P availability
(Ibrikci et al., 2005). Application of phosphatic fertilizers
is the common  strategy to cope its deficiency, this option
is not very much feasible because of low use efficiency of
applied P, huge  rise in its prices, environmental concerns
and fear of depletion of non-renewable rock P reserves
mined for  production of P fertilizers (Vance et al., 2003).
Because of the complexity of P chemistry in soil, only
about 20 % of the total amount of P fertilizer is utilized
by the first crop and the remaining 80 % is fixed in soil in
unavailable form (Grotz and Guerinot, 2002). Soil
fertility is continuously depleting due to the mining of
essential nutrients from the soil under intensive
cultivation and imbalance use of fertilizers. During 2011-
12, the off take of phosphates (621000 tons) declined by
19 % as compared to previous year, widening the gap of
N: P to 5:1 against desirable of 2:1. This decrease is
attributed to their high prices, less farm profitability due
to less commodity prices in the local market (Annual
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Plan, 2012-13). Soil based P management requires a long
term management strategy to maintain soil available P
supply at an appropriate level through monitoring soil P
fertility because of relative P stability within soil. By
using this approach, the P fertilizer application can be
generally reduced by 20 % compared to farmers practice
for the high yielding cereal crops (Zheng et al., 2010).
One unique characteristic of P is its low availability due
to slow diffusion and high fixation in soils causing it a
major limiting factor for plant growth. Phosphorus uptake
and utilization by plants play a vital role in determination
of final crop yield (Shen et al., 2011). Phosphorus
fertilizer use efficiency in irrigated low land rice could be
improved if fertilizer recommendations were based on the
native soil fertility currently defined in field as plant P
uptake (Anch and Phung, 2004). Numerous studies have
been conducted for phosphorus fertility build up and
depletion in different soil series of Pakistan using P
sorption models (Sarfraz et al., 2009 and 2008, Mehdi et
al., 2008, 2007 (a and b) and Rehman et al., 2007 (a and
b) and observing their residual effect on different crops
(Sukristiyonubowo and Tuherkih, 2009; Sahrawat, 2008;
Khan et al., 2007; Rashid et al., 2007, Alam et al., 2005,
Nadeem and Ibrahim, 2002 and Sahrawat(2001).

Rice ranks as second amongst the staple food
grain crops after wheat in Pakistan and it accounts for
4.9 % value addition in agriculture and earns 1 % of GDP
as Pakistan exports two third of its rice production. Area,
production and yield of rice during 2011-12 remained
2571000 ha, 6160000 tons and 2396 kg ha-1, respectively
(Pakistan Economic Survey, 2011-12). Phosphorus is less
commonly deficient for rice than upland crops because of
its increased concentration in soil solution under flooded
condition. The magnitude of residual effect depends upon
the rate and kind of fertilizer used, the cropping and
management system followed and to greater extent on the
type of soil (Baskar et al., 2000). Khan et al., (2007)
observed 47 % increases in paddy yields by residual
application of 90 kg P2O5 ha-1 over control. The only
plant available form of P is orthophosphate of which
there are two types in typical aquatic system; HPO4

predominates in alkaline condition while H2PO4 in acidic
condition (Busman et al., 2002). Fertilisers are the most
functional input to replace nutrient removal and the high
yielding rice varieties require more mineral fertilizing to
achieve their potential yields. Studies on the effect of rice
production conducted in many rice producing areas have
tremendously increased in line with the development  of
high yielding rice varieties (Sukristiyonubowo and
Tuherkih, 2009; Cho et al., 2000). Alternate flooding and
drying of soil can enhance the availability of water
soluble phosphorus in the soil by 185-900 % (Turner and
Haygarth, 2001). Crop rotation is important for phosphate
fertilization, as crops differ in their response to applied P
and their utilization of residual P. Pakistan has two
principal cropping seasons i.e. kharif (summer) and rabi

(winter). Major crop rotations followed are wheat-rice
(irrigated), wheat-cotton, wheat–maize and some minor
or fodder crops are adjusted in the intervening periods. A
rice crop depletes about 7-8 kg ha-1 when P fertilizer is
not used, while an application of about 20 kg ha-1 may
cause an accretion of about 4-5 kg ha-1 (Dobermann et
al., 1996).

So keeping in view all the facts, a study was
planned to monitor the residual effect of P on second crop
after its application and rate of Olsen-P decline in an
alluvial sandy loam soil of rice tract after wheat-sorghum
fodder-rice rotation.

MATERIALS AND METHODS

The study was in continuation of experiments
already conducted in Bhalike soil series (Rehman et al.,
2007 a). Composite soil samples were collected from 0-
20 cm depth of the restricted site with the help of a 5 cm
diameter auger. Each soil sample was thoroughly mixed,
air dried for seven days, sieved through a 2 mm sieve and
stored in sealed plastic jars for analyses. All basic
analyses were performed for chemical characteristics of
the soils based on methods described in Methods of Soil
Analysis (Bigham, 1996) and U.S. Salinity Lab. Staff
(1954). 0.5 M NaHCO3 solution adjusted to pH 8.5 by the
addition of 50% w/w NaOH was used for extraction of
2.5 g soil (Watanabe and Olsen, 1965). P determination
was made by the method as described by Murphy and
Riley (1962). Original soil analysis is depicted in table 1.

Table 1. Original soil analysis

Determinant Units Values
Sand % 70
Silt % 18
Clay % 12

Textural class - Sandy Loam
Sub group - Typic Camborthid

pHs - 7.91
ECe d Sm-1 0.92
SAR (m mol L-1)0.5 1.13

CaCO3 % 5.15
Organic matter % 0.44

Olsen P mg Kg-1 4.35
Extractable K mg Kg-1 99

Theoretical doses of P and phosphatic fertilizers
required to develop P levels in soil solutions under field
conditions were calculated from the modified Freundlich
model  to develop soil solution P of 0.01, 0.02, 0.03,
0.04, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40 and 0.50 mg
P L-1 for wheat crop (Table 2). An overall check of NPK=
0 was also kept. No phosphatic fertilizer was added to
sorghum and rice crops, which were grown only on the
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carryover effect of the P added to wheat. After sorghum
fodder, fine rice cv. Super Basmati was transplanted in
the second week of July. Half of the recommended N (55
kg ha-1) with all K2O i.e., 70 kg ha-1 was applied as basal
dose. Remaining half N and ZnSO4 at 12.5 kg ha-1 was
applied after 15 days of transplanting by broadcast
method. Plant sampling at booting stage was done from
25 above ground portion of rice plants.  At maturity,
paddy and straw yields were recorded and their respective
samples were collected, oven dried and grinded for plant
analysis. Soil samples were also taken at harvest for
Olsen P determinations.

Table 2. Computed P doses to be applied.

Treat
ments

P in soil solution
(mg L-1)

P (mg kg-1

soil) to be
added

P2O5 (kg
ha-1) to be

added
T1 Native (0 NK) 0 0
T2 Native (+ NK) 0 0
T3 0.01 8.23 37.69
T4 0.02 11.38 52.12
T5 0.03 13.76 63.02
T6 0.04 15.74 72.09
T7 0.05 17.48 80.06
T8 0.10 24.17 110.70
T9 0.15 29.22 133.83

T10 0.20 33.43 153.11
T11 0.25 37.11 169.96
T12 0.30 40.42 185.12
T13 0.40 46.25 211.83
T14 0.50 51.34 235.14

Note:
Formula for converting P (mg kg-1 soil) to P2O5 (kg ha-1)
is P (mg kg-1) x 2 = P (kg ha-1) x 2.29 = P2O5 (kg ha-1) i.e.
mg kg -1 x 2 = kg ha-1 and P x 2.29 = P2O5

One gram oven dried rice plant material was
digested in 20 mL concentrated HNO3 and 10 mL of 72%
HC1O4, cooled the digest, transferred to 100 mL
volumetric flask and made volume (U.S. Salinity Lab.
Staff, 1954). From this digested material five mL aliquot
was taken in 50 mL volumetric flask, added 5 mL each of
ammonium vanadate (0.25%) and ammonium molybdate
(5%), made volume and allowed to stand for 15-30
minutes. Reading was recorded on spectrophotometer.
Then from the standard curve, P concentration (%) in
plant was calculated.

The yield representing each phosphorus level
was expressed as percentile of maximum yield of the
experiment. The percentage yield, also termed as relative
yield, was expressed as the yield with test nutrient added
as percentage of maximum yield. The relative yield is a
measure of the yield response to a single nutrient when
other nutrients are supplied adequately but not in
excessive amount. It is calculated as

Threshold yield for x
Relative yield = --------------------------------------- X 100

Plateau yield for x
Where
Threshold yield =Yield at zero level of x
Plateau yield  = Point of maximum response to x
x = Rate of nutrient (P) applied.

Level of phosphorus depletion was determined
by the net decrease in Olsen P (mg kg-1 soil) after the
third crop divided by the original native P or initial P (mg
kg-1 soil) in the respective plots.

Two way analysis of variance (ANOVA)
technique under randomized complete block design
(RCBD) was used and Duncan’s multiple range test
(DMR) was applied to see the significance of difference
among treatment means (Duncan, 1955). Regression and
correlation was applied to compute build-up and
depletion in soil P status in alluvial soils used in these
investigations by the procedures as described by Steel et
al., 1997.

RESULTS AND DISCUSSION

Rice paddy and straw yield (Mg ha-1): Rice was the
second crop grown in continuation on the carry over
effect of phosphate fertilizer applied to wheat crop.
Paddy and straw yield has been presented in table 3,
which revealed that maximum response was observed
with more P application. Maximum paddy and straw
yield i. e. 2.83 Mg ha-1 and 2.96 Mg ha-1 was obtained in
T11 (residual P 10.65 mg kg-1) while at the higher levels,
the yield decreased significantly. This might be due to the
reason that under submerged soil conditions, response in
coarse textured soil was attained at the lower P level.
However, the minimum paddy and straw yield i. e. 1.38I
Mg ha-1 and 1.52 Mg ha-1 was seen in the control plots
where no NPK was applied. The reason might be due to
less tillering and poor crop stand in the control plots. The
results are in line with those of Sukristiyonubowo and
Tuherkih, 2009; Sahrawat, 2008; Khan et al., 2007;
Rashid et al., 2007, Alam et al., 2005, Nadeem and
Ibrahim, 2002 and Sahrawat(2001).

Phosphorus concentration in rice paddy and straw:
Data regarding P concentration in paddy (Table 4)
exhibited that maximum P concentration 0.15% was
observed in T14 (residual P 13.10 mg kg-1) followed by
T13, which was significantly less than T14. However the
minimum P concentration (0.07 %) was seen in control
plots.  The results regarding P concentration of rice straw
are also described in table 4. The data revealed that
maximum P concentration (0.10) was observed in T11
(residual P 10.65 mg kg-1). There was progressive
increase in P concentration of rice straw from lower
treatment P levels to higher treatment P levels but the
higher levels (T12 to T14) had no significant effect on P
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concentration. The reason might be that due to
submerged soil conditions, soils maintain solution P level
and sufficiency range is attained at lower level in coarse
textured soil. Minimum P concentration in straw (0.04 %)
was observed in control plots. The results are in line with
those obtained by Mehdi et al., 2008, 2007 (a and b) and
Rehman et al., 2007 (a and b).

Table 3.  Rice paddy yield (Mg ha-1).

Treatments Residual
P after

sorghum

Paddy
yield

Straw
yield

Residual
P after

rice
mg Kg-1 Mg ha-

1
Mg ha-

1
mg Kg-1

T1 4.70J 1.34I 1.52I 3.75I
T2 4.60J 1.36H 1.66H 3.70I
T3 4.40I 1.61GH 1.74GH 3.30J
T4 5.00H 1.72G 1.84G 3.90HI
T5 5.55H 1.90F 2.01F 4.30GH
T6 6.30G 2.15E 2.26E 4.80FG
T7 6.45G 2.25DE 2.39D 5.00F
T8 7.20F 2.32CD 2.46CD 5.50E
T9 8.25E 2.44C 2.56C 6.35CD
T10 8.30E 2.61B 2.76B 6.85BC
T11 10.65D 2.83A 2.96A 7.15B
T12 11.25C 2.34CD 2.48CD 8.20A
T13 10.80B 2.33CD 2.46CD 8.65A
T14 10.90A 3.41B 3.53B 8.70A
LSD 0.2706 0.1187 0.1187 0.7180

Means sharing same letters in a column are statistically at par at
5% level of probability.

Phosphorus uptake by rice paddy and straw:
Phosphorus uptake by paddy is product of paddy yield
and P concentration in paddy. The data regarding P
uptake by rice paddy (Table 4) showed that maximum P
uptake (4.22 kg ha-1) was observed at T14 (residual P
13.10 mg kg-1), which was significantly higher than T13
(residual P 12.75 mg kg-1). The uptake of P by paddy was
irregular in the middle order treatments. This P uptake
was found minimum (0.97 kg ha-1) in control plots
(without NPK).

The data regarding P uptake by rice straw is also
given in table 4. The data revealed that maximum P
uptake by straw (3.05 kg ha-1) was observed at T11
(residual P 10.65 mg kg-1), which was significantly
higher than T10 (residual P 8.30 mg kg-1). The P uptake
was found minimum (0.61 kg ha-1) in control plots
(without NPK) that was also at par with T2 and T3. The
results are in line with those obtained by Mehdi et al.,
2008, 2007 (a and b) and Rehman et al., 2007 (a and b).

Phosphorus uptake by rice: The results regarding total
P uptake by rice depicted in table 4 revealed that
maximum P uptake by rice crop (7.20 kg ha-1) was
observed at T14 (residual P 13.10 mg kg-1), which was
significantly higher than T13 being at par with T12 and
T11. Minimum P uptake (1.58 and 2.04 kg ha-1) was
found in control plots without and with NPK fertilizer,
respectively. The results are in line with those obtained
by Mehdi et al., 2008, 2007 (a and b) and Rehman et al.,
2007 (a and b).

Table 4. Phosphorus concentration (%) in rice paddy and straw and Phosphorus uptake (Kg ha-1)

Treatments P concentration (%) P uptake (Kg ha-1)
Paddy Straw Paddy Straw Total

T1 0.81J 0.05F 0.97I 0.61G 1.58H
T2 0.81IJ 0.04EF 1.32HI 0.72FG 2.04GH
T3 0.81HI 0.05EF 1.45H 0.82FG 2.27G
T4 0.81GHI 0.05EF 1.66GH 0.92EF 2.58FG
T5 0.10FGH 0.05EF 1.96G 1.01EF 2.97F
T6 0.11EFG 0.05DE 2.37F 1.21E 3.58E
T7 0.11EFG 0.06D 2.48EF 1.51D 4.00DE
T8 0.11DEF 0.08C 2.63EF 1.89C 4.52CD
T9 0.12CDEF 0.08C 2.85DE 2.14C 4.98C
T10 0.12CDE 0.10B 3.22BCD 2.66B 5.89B
T11 0.13BCD 0.10AB 3.60B 3.05A 6.65B
T12 0.13BC 0.11A 3.04CD 2.81AB 5.85B
T13 0.14B 0.11A 3.26BC 2.79AB 6.06B
T14 0.16A 0.12A 4.22A 2.99A 9.58A
LSD 0.014 0.011 0.3677 0.2808 0.5838

Means sharing same letters in a column are statistically at par at 5% level of probability.

Available phosphorus status of soils after sorghum
fodder harvest: As the sorghum fodder was raised on the

residual phosphorus applied to previous wheat crop, so a
marked reduction in Olsen P was observed (Table 3) and
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the values dropped to almost half after sorghum harvest.
But still there was sufficient available P for raising an
other crop after sorghum. Maximum value of 13.10 mg
kg-1 was observed in T14 (residual P 25.15 mg kg-1 after
wheat). Native Olsen P further dropped to 3.90 mg kg-1

where no NK was applied and 3.85 mg kg-1 where NK
was applied. So imbalance application of fertilizers
caused a great reduction in native P pool. The results also
get support from Mehdi et al., 2008, 2007 (a and b);
Rehman et al., 2007 (a and b) and Zhou et al. (2001),

Available phosphorus status of soils after rice harvest:
Rice crop was also grown on carryover effect of P from
the previous P application to wheat crop and sorghum
was first crop raised on the residual P. A decrease in
Olsen P was observed after rice harvest (Table 3) but not
to that extent as was observed after sorghum fodder.
Maximum value observed was 8.20 mg kg-1 at T12

(residual P 11.25 mg kg-1 after sorghum fodder).
However after raising two crops on residual P, still there
was considerable Olsen P in the soil which is quite higher
than native soil P. Rehman et al. (1992) found Olsen P
for 88% relative yield of rice at 10.90 mg kg-1, 95%
relative yield at 15.40 mg kg-1 and 99% relative yield at
23.75 mg kg-1. Saeed et al. (1992) also found similar
results. The results are in line with those obtained by
Mehdi et al., 2008, 2007 ( a nad b) and Rehman et al.,
2007 (a and b).

Rate of Phosphorus depletion/annum in Soils: Data
regarding annual level of P depletion is depicted in table
5. As regards level of P depletion, maximum level (0.138
mg kg -1) was observed in the plots receiving no NPK
fertilizers and it was further accentuated (0.149 mg kg -1)
with plots receiving N and K fertilizers without P. With
the application of P fertilizers, the rate of P depletion was

Table 5. Rate of P depletion.

Solution P
(mg L-1)

P added (mg kg-1) Total P
(mg kg-1)

Solution P –
Native P

Net Available
P

Annual Rate of
P DepletionWheat Sorghum Rice

Native 0 0 0 0 3.75-4.35 -0.60 -0.138
Native 0 0 0 0 3.70-4.35 -0.65 -0.149
0.01 8.23 0 0 8.23 3.30-4.35 -1.05 -0.128
0.02 11.38 0 0 11.38 3.90-4.35 -0.45 -0.040
0.03 13.76 0 0 13.76 4.30-4.35 -0.05 -0.004
0.04 15.74 0 0 15.74 4.80-4.35 0.45 0.029
0.05 17.48 0 0 17.48 5.00-4.35 0.65 0.037
0.10 24.17 0 0 24.17 5.50-4.35 1.15 0.048
0.15 32.22 0 0 32.22 6.35-4.35 2.00 0.068
0.20 33.43 0 0 33.43 6.85-4.35 2.50 0.075
0.25 37.11 0 0 37.11 7.15-4.35 2.80 0.075
0.30 40.42 0 0 40.42 8.20-4.35 3.85 0.095
0.40 46.25 0 0 46.25 8.65-4.35 4.30 0.093
0.50 51.34 0 0 51.34 8.70-4.35 4.35 0.085

decreased and it was observed up to solution P level of
0.03 mg L -1 which was 0.004 mg kg -1 and above this
level, no net P depletion was observed but P build up was
noticed. The results are in line with those obtained by
Mehdi et al., 2008, 2007 (a and b) and Rehman et al.,
2007 (a and b).

CONCLUSIONS
1. Phosphatic fertilizers should be recommended and

applied to the crops by taking P adsorption
capacities into the account and P application
should be soil and crop specific as the solution P
and Olsen P vary with varying soils and crops.

2. The residual P upto 13.1 mg Kg-1 can support 2 to
3 succeeding crops in loose textured soils.

3. Soils are being mined annum-1 @ 0.138 mg P kg-1

if no fertilizers are applied @ 0.149 mg P kg-1 if
only NK are applied in light textured soils under
rice cropping system.

REFERENCES

Alam, S. M., S. A. Shah; S. Ali, and M. M. Iqbal (2005).
Yield and phosphorus-uptake by crops as
influenced by chemical fertilizer and integrated
use of industrial by-products. Songklanakarin J.
Sci. Technol. 27(1): 9-16.

Anh, T. T. N and C. V. Phung (2004). Soil Phosphorus
variability test for irrigated low land rice in
Cantho, Vietnam. Omonrice. 12: 58-68.

Annual Plan (2012-13). Agriculture and Food Security,
Chapter 8. Government of Pakistan. p. 91-112.

Baskar, M., A. Solaimalai, C. Sivakumar and R. Suresh
(2000). Phosphorus management in rice: A
review. Agric Review. 21 (3): 168-177.

Bigham, J. M. (1996). Methods of Soil Analysis. Part 3,
Chemical Methods. SSSA and ASA, Madison,
WI, USA.



Rehman et al., J. Anim. Plant Sci. 23(2):2013

485

Busman, L., J. Lamb, G. Randall, G. Rehm and M.
Schimtt (2002). The nature of phosphorus in
soils. In Phoshosphorus in
agricultureenvironment. Online avialble at
http//www.extension.umn.edu/distribution/crops
systems/DC 6795.html.

Cisse, L. and B. Amar (2000). The importance of
Phosphatic fertilizer for increased crop
production  in developing countries. In:
Proceedings of the AFA 6th International Annual
conference held on 31 January – 2 February,
2000, Cairo, Egypt.

Cho, J. Y., K. W. Han, J. K. Choi (2000). Balance of
nitrogen and phosphorus in a paddy field of
central Korea. Soil Science and Plant Nutrition.
46: 343-354

Dobermann, A., K. G. Cassman, P. C. Santa Cruz, M. A.
A. Adviento and M. F. Pampolino(1996).
Fertilizer inputs, nutrient balance and soil
nutrient supplying power in intensive, irrigated
rice systems. III. Phosphorus. Nutrient Cycling
in Agroecosystems. 46: 111-125.

Duncan, D. B. (1955). Multiple Ranges and Multiple F
test. Biometrics. 11: 1-42.

Pakistan Economic Survey (2011-12). Economic
Adviser’s Wing, Finance Division, Government
of Pakistan, Islamabad.

FAO (2008). Efficiency of soil and fertilizer phosphorus
use. FAO Fertilizer and Plant Nutrition Bulletin
18, Rome.

Grotz, N. and M. L. Guerinot (2002). Limiting nutrients:
An old problem with new solutions. Plant Biol.
5: 158-163.

Ibrikci, H., J. Ryan, A. C. Ulger, G. Buyuk, B. Cakir, K.
Korkmaz, E. Karnez, G. Ozgenturk and O.
Konuskan (2005). Maintenance of P fertilizer
and residual P effect on corn production.
Nigerian J. of Soil Sci. 2: 1279-86.

Khan, R., A. R. Gurmani, A. H. Gurmani and M. S. Zia
(2007). Effect of Phsophorus application on
wheat and rice yield under wheat-rice system.
Sarhad J. Agric. 23 (4): 851-855.

Mehdi, S. M., Obaid-ur-Rehman, A.M. Ranjha, J. Akhtar
(2008). Phosphorus fertilizer recommendations
for fodder based cereal crops. Soil and Environ.
27(2): 155-165.

Mehdi, S. M., O. Rehman, A. M. Ranjha and A. A.
Bajwa (2007 a). Phosphorus decline level in
Sultanpur soil series under cereal based cropping
system. Pak. J. Sci. Res. 59 (3-4): 85-90.

Mehdi, S. M., O. Rehman, A. M. Ranjha and M. Sarfraz
(2007 b). Adsorption capacities and availability
of phosphorus in soil solution for rice wheat
cropping system. World Applied Sci. J. 2 (4):
244-265.

Murphy, J. and H. P. Riley (1962). A modified single
solution method for the determination of
phosphate in natural waters. Annals Chimica
Acta. 27: 31-36.

Nadeem, M. Y. and M. Ibrahim (2002). Phosphorus
management  in  wheat-rice  cropping  system.
Pak. J. Soil Sci. 21(4): 21-23.NFDC(2001).
Balanced fertilization through phosphate
promotion.  Project terminal report NFDC,
Islamabad, Pakistan.

NFDC (2006). Balanced fertilization through phosphate
promotion at farm level: Impact on crop
production. World Phosphate Institute,
Morocco, FAO and NFDC, Islamabad.

Rashid, M., A. M. Ranjha, M. Waqas, A Hannan and A.
Bilal (2007). Effect of residual phosphorus on
the yield and quality of sorghum fodder in three
different textured calcareous soils. Pak. J. Agri.
Sci. 44(1): 117-122.

Rehman, H., A. Ghani, G. A. Shah and J. Khan (1992).
Relating soil test values of NaHCO3 extractable
phosphorus with yield of wheat and rice. In:
Proc. “Role of Phosphorus in Crop Production.”
July 15-17, 1990. NFDC, Islamabad, Pakistan,
p. 331-344.

Rehman, O., A. M. Ranjha, S. M. Mehdi, B. Ahmad, S.
Afzal and A. Hannan (2007 a). Residual effect
and level of phosphorus decline under Cereal
based cropping system. Pak. J. Agri. Sci. 44 (4):
547-550.

Rehman, O., S. M. Mehdi, A. M. Ranjha and M. Sarfraz
(2007 b). Phosphorus Requirement of cereal
crops and fertility build-up factor in a Typic
Camborthid soil. J. Biol. Sci. 7(7). 1072-
1081Sahrawat, K. L. (2008). Direct and residual
phosphorus effects on grain yield- phosphorus
uptake relationships in upland rice on an ultisol
in West Africa. Int. J. of Plant Production 2 (4):
281-288.

Sahrawat, K. L., M. P. Jones, S. Diatta and A. Adam
(2001). Response of upland rice to fertilizer
phosphorus and its residual value in an Ultisol.
Communication in Soil Science and Plant
Analysis. 32(15-16): 2457-2468.

Sarfraz, M., S. M. Mehdi, M. Abid and M. Akram
(2008). External and internal phosphorus
requirement of wheat in bhalike soil series of
Pakistan. Pak. J. Bot., 40 (5): 2031-2040.
Sarfraz, M., M. Abid and S.M. Mehdi (2009).
External and internal phosphorus requirements
of wheat in Rasulpur soil series of Pakistan. Soil
and Environ. 28 (1): 38-44.

Shen, J., L. Yuan, J. Zhang, H. Li, Z. Bai, X. Chen,W.
Zhang and Fusuo Zhang (2011). Phosphorus
dynamics: From soil to plant. Plant Physiology.
156: 997-1005.



Rehman et al., J. Anim. Plant Sci. 23(2):2013

486

Steel, R. G. D., J. H. Torrie and D. A. Dickey (1997).
Principles and procedures of statistics: A
biometrical approach. 3rd edition, McGraw Hill
Book Co., Inc.New York, USA.
Sukristiyonubowo, Tuherkih E (2009). Rice
production in terraced paddy field systems.
Jurnal Penelitian Pertanian Tanaman Pangan.
28(3): 139-147

Turner B. L. and P. M. Haygarth (2001).
Biogeochemistry - phosphorus solubilization in
rewetted soils. Nature 411: 258-258

U. S. Salinity Lab. Staff (1954). Diagnosis and
Improvement of Saline and Alkali Soils. USDA
Handbook No. 60, Washington, DC.

Vance, C. P., C. Uhde-Stone and D. L. Allan (2003).
Phosphorus acquisition and use: Critical
adaptations by plants for recurring a non-

renewable resources. Tansely Review. New
Phytol. 157: 423–447.

Watanabe, F. S. and S. R. Olsen (1965). Test of an
Ascorbic acid method for determining
phosphorus in water and NaHCO3 Extracts from
soil. Soil Sci. Soc. Am. Proc.. 29: 677- 678.

Zheng, F., J. Shen, J. Zhang, Y. Zuo, L. Li and X. Chen
(2010). Rhizosphere processes and management
for improving nutrient use efficiency and crop
productivity: implications for China. Adv Agron
107: 1–32

Zhou, J., J. Xie, X. Chen and R. Hardter (2001). Nutrient
cycling and management in different Agro-eco
regions of China. In: “Plant Nutrition” Horst et
al. (Ed.) Kluwer Academic Publication,
Dordrecht, The Netherlands. p. 866-867.


