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Abstract: Four levels of N (O, 40, 80, 120 kg ha™"} and P (0, 30, 60, 120 kg ha™'} in all possible combinations as urea and single
super phosphate vere applied to vwheat crop sovwn after millet, millet green manuring and fallowv at twvwo sites in the rainfed areas
of Pakistan. The grain yield increased significantly with combined application of N and P fertilizers. A marked interaction of
fertilizer N and P on grain yield vwas observed after fallow and millet. Wheat grain and straw vyield responded positively to
fertilizers N and P, however all the variations observed in wheat vield are not correlated with extractable values of N and P. The
pelynomial correlation coefficient between NaHCOj;-extractable soil P values and grain yield was fairly high. Out of four
experiments response surface model predicting crop yield proved good at two sites only.
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Introduction

Food production in Pakistan is not keeping pace with population
growth. The yield of the major crops is stagnated. The farmers of
rainfed areas practice loww input agriculture because of high risk
due to climatic uncertainties (Razzaq ef al., 1990). However judicial
use is necessary not only for increasing agricultural output but
also for realizing maximum return from the investment of
fertilizer. Advice to the farming community for levels of fertilizer
application is generated from field trials, using different rates of
fertilizer nutrients and deriving mean optimum rates from these
trials for various agro-climatic zones.

Scil organic matter content or total N is used as a soil test for
predicting fertilizer N requirement in Pakistan (Malik ef al., 1984].
Howvever, the reliability of this methed for any crop has not been
established. It has been shown that correlation between total scil
N, NH;-N and NO;-N is very poor in soils of rainfed areas of
Pakistan and that the crop response to fertilizer N is greatly
affected by the initial levels of soil NH,-N plus NO;-N (Rice et al.,
1986). Use of N in rainfed wheat is 32 kg ha™' against the
optimum use of 71 kg ha™' and the use of P,O; is only 9 kg ha™'
against the optimum use of 48 kg ha™' (Anonymous, 1993).

The study was conducted with the objective of developing
fertilizer recommendations for wheat under wvarious cropping
sequence of barani conditions in Potohar area, Pakistan.

Materials and Methods

The study consisted of four field experiments at twwo different
sites. Three experiments were conducted on Gujranwala soil series,
at the National Agricultural Research Centre (NARC]), Islamabad and
the fourth experiment on Rajar series, in a farmer’s field at
Mandra, Ravvalpindi. Some physical and chemical characteristics of
these soils are given in Table 1. The methods used for soil analysis
have been described by Winkleman et al. {19886).

Table 1: Chemical and physical properties of the experimental
soils

Gujranwvala Rajar soil
Parameters soil series series
Texture Silty clay loam Sandy clay loam
pH 7.6 7.8
EC ({dSm™} 1.2 2.1
Organic matter { %) 0.72 0.65
NH.OAc extractable K img kg™'} 79 164

USDA-Classification Typic ustorthent  Typic torriorthent

Nitrogen @ 0, 40, 80, 120 and P @ 0, 30, 60, 120 kg ha " in single
as well as in all possible combinations were tested using urea and
single super phosphate fertilizers. The experiment vvas laid out
with factorial arrangements in a randomized complete block design
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having four replications. The fertilizers were broadcast and disked
into plots of 1.2 x 10 m? prior to seeding of wheat.

Sodium bicarbonate extractable P was found 20.7, 10.0, 6.8 and
12.9 mg kg™ ' at these sites, respectively. While NH,-N and NO4-N
were 16.0 and 11.2 mg kg™ at site-I, 6.6 and 35.6 at site-1l, 5.2
and 10.7 at site-lll, and 17.1 and 21.4 at site-IV, respectively.
There vvere six rows in each plot and only the central four rows
with a plot size of 8 m? were harvested at maturity. Weeding was
done manually during the growing season. The grain and stravy
samples were collected, air-dried and weighed.

The data obtained vvere analyzed using ANOVA (Steel and Torrie,
1980). Response surface curve methodolegy (multiple regressions
using a quadratic model) was adopted to predict the fertilizer
response with the equation given below:

Y =a + biN + baN? + bsP + buP? + bsNP
Where N and P stand for nitrogen and phosphorus fertilizers, Y
for vyield of the crop, a and b unknown constants (Khan et al.,

1987).

Results and Discussion

Grain and straw yield: The statistical analysis indicated that
treatments effects were significant for straw and biomass (grain
plus straw) at all the four sites (Table 2}. However, the effect of
fertilizers on grain vield vvas significant only at site-1V. Relatively
higher, but non-significant, grain yield was obtained with Ngy: Ps,
treatment at sites-l, Il and Ill. In case of site-IV, Ny:Pgq produced
higher grain vveight. The highest rate of combined N and P, i.e.
N2 Pi2o produced relatively more grain weight, though
differences vwere non-significant compared to other treatments.
Application of N fertilizer alone tended to depress the grain yield
in summer falloww-wheat sequence at sites-ll and I\ (Fig I).
Application of P fertilizer at lovver rates shovved a positive trend on
grain yield at all sites except at site-l (Table 2}, where native
extractable P level was very high {Table 1}). Hobbs et al. {19886)
observed that on the mera land (soils where sufficient organic
manures are not added] N or P fertilizer applied alone had no
significant affect on crop yield. Moreover, combined application of
N and P was needed for higher yields under rainfed conditions.
Arif et al. {1993) observed maximum economic and biological yield
of three wheat cultivars with combined application of N and P @
140: 60 kg ha~'. Similarly, Akhtar et al. {2002) shovved that
combined application of NP and K was required for the maximum
economic yield of wheat in rainfed areas of Pakistan.

Nitrogen fertilizer application did not affect grain and stravv yields
at site-ll, i.e fallow-wheat sequence on Gujranwala soil series
[Table 3}. Whereas, on sites-| and Ill of the same scil series but
with different cropping sequence at NARC, i.e. wheat after millet
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Table 2: Wheat grain yield response to different N and P fertilizer
rates at different sites
Fertilizer (kg ha™'] Wheat yield (kg plot ="} *

N P Site-| Site-1l Site-Ill Site-IV
0 o} 1.49 1.17 0.6b6 0.88
0 30 1.00 1.561 1.04 1.12
0 60 1.12 1.36 0.67 0.89
0 120 1.07 1.40 1.06 1.26
40 o} 1.14 1.16 1.34 0.43
40 30 1.24 1.38 1.15 1.91
40 60 1.74 1.41 1.47 2.68
40 120 1.73 1.32 1.20 2.57
80 o} 1.62 0.96 1.26 0.48
80 30 1.80 1.48 1.75 0.57
80 60 1.78 1.22 1.64 2.68
80 120 1.79 1.28 1.39 2.83
120 o} 1.63 1.06 1.30 0.46
120 30 1.69 1.34 1.48 2.26
120 60 1.71 1.24 1.19 2.90
120 120 1.30 1.31 1.63 2.95
LSD {0.1) value NS NS 0.561 0.89

* Plot size = Eight square meter NS: Non-significant

Table 3: Significance of N and P treatment responses on growth
parameters of wheat

Parameters Site-l Site-ll Site-lll Site-I1V
Grain vveight

N 4.49** 1.06 18.70 19.30

P 0.49 5.98** 2.51 53.52
N X P 1.07 0.28 2.16* 04.82**
Stravv weight

N 13.66** 0.26 26.66** 156.31

P 0.25 7.65%* 1.23 47.93
N X P 1.71 1.27 0.53 03.31**
*:P < 01 ** P < 0.0b

green manuring and after millet harvest, had a marked response
to N fertilizer. Response to N fertilizer on the site-IV with fallovw-
wheat sequence, i.e., Rajar series at Mandra was significant despite
mineral N contents of this site being almost equal to that of site-ll,
where no response to fertilizer N was observed. Rice et al. (1986}
also observed high build-up applied levels of NOg-N +NH - N in
fallovv field of the rainfed area and wheat response to N fertilizer
N was greatly affected by the initial levels of NO;N + NH,-N. The
grain and straw yield response to P fertilizer was observed at two
sites, i.e. site-1l and IV {Table 4). At sites-ll and Il non-significant
treatment effects were observed. At site-IV all P levels tested
preduced similar results but higher than the control. It indicates
that the requirements for vegetative growth and grain production
wvere met with lower rates of P fertilizer application.

The levels of extractable P at site-l were quite high and these levels
are generally considered adequate for wheat (Olsen and Somers,
1982; Pala and Matat, 1987]), hence no response was observed to
the applied P fertilizer. Soil extractable P levels at sites-Il and Il
were low and a marked response to P fertilizer was observed only
at site-ll, howwever a little response at site-lll. This indicates that
large heterogeneity occurred in the soil and profile characteristics
other than NP levels that affected the crop response to applied
fertilizers. A marked interaction of fertilizers N and P was observed
at sites-lll and IV for grain yield and for stravv vwweight only at site-
V.

Soil test values and crop response: An attempt was made to relate
soil test values with relative crop yield. The extractable P levels and
grain yield response to P fertilizer followed a typical response
pattern; with lovy levels of soil test values a high response and vice
versa (Fig. 1A). However, the response patterns were markedly
influenced by the application of wvarying levels of N fertilizer
{Fig. 1B). In contrast to P response, it was difficult to correlate
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in soils with addition of graded levels of P fertilizer
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Table 4: Response equations for grain and straw yield at different sites

Sites Parameters Constant N P N? p? NP R? Multiple R

| Grain 1322.99 1660.00 4.81 -0.0999 -0.028 -0.009 0.187 0.432
Straw 3981.68 23.79 1.681 -0.0163 -0.036 0.040 0.364

1 Grain 1623.13 -2.87 8.98 0.0103 -0.061 0.0049 0.162 0.402
Straww 35612.95 6.275 2.327 -0.063 -0.12 0.017 0.163 0.439

1 Grain 872.96 19.77 b.656 -0.118 -0.028 -0.028 -0.473 0.661
Straww 3608.8 52.77 67.65 -0.276 -0.042 0.061 0.545 0.789

A% Grain 345.66 22.68 48.46 -0.164 -0.239 -0.156 0.736 0.8569
Stravy 1145.25 36.90 70.151 -0.275 -0.451 -0.19 0.732 0.709

clearly soil test values of mineral N (NH;-N + NO;-N} with grain
yield (Fig. 2A); addition of graded levels of fertilizer P rendered
these relationships more intricate (Fig. 2B). Similarly, Pala and
Matar {1987) could not develop relationship between soil test
values of mineral N with wheat grain yield.

Response surface equations for grain yield: In order to obtain
fertilizer response relationship, the quadratic response surface
{multiple regressions) model was used. The characteristic of the
multiple regression equations suggested that the predictability of
this model is reliable only in the case of site-I\V experiment (high R?
value), follovwed by site-lll (Table 4). In case of sites-l and I, the R?
values were too low and thus of the limited use for fertilizer
response predication. Bhatti and Khan {1999) also tested
regression models for predicting the response of wheat to N
fertilizer and developed site-specific N requirements both for
irrigated and rainfed conditions. These meodels successfully
predicted the fertilizer requirements. The trials conducted by Bhatti
and Khan {1999) were simple as the studied a single variable i.e.,
nitrogen fertilizer as compared to results of the present set of
experiments where two variable (N&P) and their different levels
were tested.

The cropping sequence and crop management practices affect soil
N and P levels and the crop response to applied N and P fertilizer.
The relationship between soil P test values and grain yield was
predictable to a large extent, whereas it vas difficult to correlate
mineral N values wvith grain yield.
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