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Phosphorus Use Efficiency by Two Varieties of Corn at Different
Phosphorus Fertilizer Application Rates

A H.A. Hussein
Water Studies Center, King Faisal University, P.O. Box 420, Al-Hassa 31982, Saudi Arabia

Abstract: Corn varieties respond differently to phosphorus fertilization. Method of P application may influence
the degree of responsiveness. In this study, two varieties of com (Hageen Asgro and Hageen Niagra) were
grown under different rates of phosphorus fertilizer (0, 30, 60 and 90 kg P,O,ha™") by two methods, soil mixing
at sowing and fertigation at three doses. Grain yield, shoot fresh weight, shoot dry weight, weight of 100 kemel,
P content and uptake were determined The data obtained after crop harvest showed that increasing rates of
P supply had sigmficantly effect on gramn and shoot fresh yield, P content and uptake. Application of P by
either method increased grain and shoot fresh yield as well as P uptake over control. P application method =P
interaction effect was also significant for yield, indicating higher yield response due to fertigation compared
to soil mixing method of P application. Phosphorus application through fertigation technique was more
beneficial and has high P efficiency of use and utilization by comn. Also, Hageen Niagra variety was superior
over Hageen Asgro variety concerning the phosphorus efficiencies. Soil available p-values obtained at the end
of growing period increased significantly with increasing rates of added P. Thus, application of phosphatic
fertilizer by fertigation along with selection of an appropriate variety may contribute to improve P fertilizer
efficiency and increase corn grain yield.
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INTRODUCTION

Maize (Zea mays, 1..) is one of the most important
cereal crops in Saudi Arabia and the world. Maize in the
world rank the third crop surpassed only by wheat and
rice. It 15 used mainly for human consumption and ammal
feed. Efforts are focused on increasing productivity of
this crop by growing high yielding new genotypes under
the most favorable cultural treatments with highly
nutrient efficiency especially, phosphorus. Phosphorus
(P) is considered essential nutrient for plant growth and
productivity. Tt is a component of nucleic acid, nucleic
protein and energy-rich compounds such as Adenosine
Triphosphates (ATP) through, which plants store energy
to fuel other chemical processes. Also, P is a constituent
of numerous carbohydrates and nitrogenous compounds
and it1s a part of certain coenzymes (Mengel and Kirkby,
1987). As Ozame (1980) reported, P 1s one of the most
vield limiting factors in many tropical and sub tropical
soils. To mitigate this problem, the application of
fertilizers the
recommendation. However, there are various concerns

commercial was most  common
associated with the use of commercial fertilizers in general
and P fertilizers in particular. These concerns are: firstly,

the resource-poor farmers of tropics and subtropics are
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unable to use fertilizers due to lack of money and/or
unavailability of fertilizers (Egle ef af., 1999). Secondly,
due to the prevailing adverse chemical properties of
tropical and sub tropical soils (acidity and alkalinity) P is
rapidly transformed to hardly available form even after
fertilizer application (Marschner, 1995). The third reason
15 the increase of legislative regulations than restrict
the use of commercial fertilizers, so as to minimize
envirommental hazards due to run-off and leaching
(Sattelmacher et al, 2007). The above mentioned
limitations of commercial fertilizers on one hand and the
increase world population that has led to the cultivation
of marginal land on the other hand necessitated the look
for the most potential solution.

Tt is estimated that P availability to plant roots is
limited in two thirds of the cultivated soil in the world
(Batjes, 1997). Phosphorus application 1s essential to
minimize yield loss on the soil. However, most of the P
applied to soil can be converted into unavailable forms
that cannot be easily utilized by plants. Development of
P efficient genotypes with a great ability to grow and
yield in P deficient soil 1s, therefore, an important goal in
plant breeding (Hash et al., 2002; Wissuwa et al., 2002,
Yan et al., 2004). Release of P efficient genotypes in both
high and low-mput farming systems would reduce the
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production costs associated with P fertilizer applications,
minimize environmental pollution and contribute to the
maintenance of P resources globally (Cakmalk, 2002;
Vance ef al., 2003). Plant species and genotypes of a
given species develop diverse adaptive responses to P
deficiency. It 15 well documented that plant genotypes
differ greatly n adaptive mechanisms to P deficiency. To
improve growth under P-deficient conditions, P-efficient
plants have evolved two major mechanisms: increasing
P acquisition (root morphology, root exudation and P
uptake mechanisms) and enhancing P utilization
(internal mechanisms associated with conservable use of
absorbed P at the cellular level) (Bates and Lynch, 2001,
Vance et al., 2003).

In addition, at lugh pH (>8.0) and free lime calcium
carbonate, this adsorbs soil solution P and increases the
precipitation of calcium phosphate compounds, resulting
mn reduced P availability. Calcareous soils rich in CaCO,
and exchangeable Ca, therefore, phosphorus may be
immobilized by any or all the following mechanisms:
adsorption on active sites of CaCO,, precipitation by Ca
in the system and reaction with the exchangeable Ca. The
amounts of calcium carbonate affect distinctly the soil
properties related to plant growth, whether they are
physical, such as the soil water relations and crusting,
or chemical such as the availability of plant nutrients
(FAO, 1984).

Differences m phosphorus utilization efficiency may
occur among plant species or genotypes of the same
species due to differences in amounts of shoot dry
matter produced per unit of P acquired (Rao et al., 1997).
This may be related to the ability of plants to conserve,
re-translocation use inorganic P in its tissue
(Caradus and Snaydon, 1987). Phosphorus efficiency can
be generally defined as the ability of a crop plant to

and

produce high yield in a soil (or other media) that 1s limiting
in phosphorus supply (Gourley et al., 1994). Also, may be
defined as the ability of a plant to produce a certain
percentage of its maximum yield (80% of maximum yield)
at low level of soil P (Fohse et al., 1988). Phosphorus
efficiency can arnse m two ways: the efficiency with wlich
P is utilized to produce yield, i.e., the amount of P needed
in the plant to produce one unit of dry matter. This is
often called P utilization efficiency or internal P
requirement and it 1s the P concentration m the plant to
produce a given percentage of its maximum yield (90% of
maximum yield, Bhadoria et al. (2002);, 80% of maximum

Table 1: Some physical and chernical characteristics of the experimental soil

yield, Fohse et al. (1988) and the P uptake efficiency of
the plant is the ability of the root system to acquire P from
the soil and accurnulate it in the shoots (Bhadoria ef af.,
2002). This experiment was conducted to determine the
differences in yield and P use efficiency of two corn
varieties as influenced by different phosphorus fertilizer
application rates.

MATERIALS AND METHODS

A field experiment was conducted m the Agricultural
and Vetermnary Traiming and Research Station of King
Faisal University (KIFU), Al-Hassa region, during 2006
growing season of com (Zea mays, 1..). Some physical and
chemical characteristics of the experimental soil were
determined at the beginming of the growing season. The
analysis of soil samples collected from the plough layer
(0-30 cm) was done according to the methods outlined by
Carter (1993) (Table 1). Using calcium-superphosphate
(15.5% P,0,) four P levels (0, 30, 60 and 90 kg P,O,ha™)
were applied at sowing by soil mixing or by fertigation, at
three equal doses to all plots, the first dose was applied
with the first irrigation and the second and the third doses
was applied 1 and 2 month later, respectively. Seeds of
corn varieties Hageen Asgro and Hageen Niagra were
used in this study. Planting took place on September 5th,
2006 and harvesting was done at January 26th, 2007, The
experimental plot consisted of 5 rows; 5 m long and 0.7 m
wide making an area of 17.5 m’ Seeds were planted at
0.3 m apart within each row. The experimental design used
was a split-split plot in Randomized Complete Block
Design (RCBD) with 3 replicates, having P application
method as main plots, P rates as sub-plots and varieties of
corn as sub-sub plots (48 experimental plots). Nitrogen
fertilization as ammonium nitrate (33.5% N) at rate of
78.5 kg N ha™" was divided into two equal doses to all
plots, the first dose was applied with the first irrigation
and the second dose was applied one month later.
Potassium fertilization was applied to all plots in the
form of potassium sulphate (48% K,0) ata rate of
150.0 kg K ha™ at two equal doses, the first dose was
applied with the first irrigation and the second dose was
1 month later.

At harvest, 10 plants (shoot system) from each plot
were randomly collected from the three central rows to
determine the corn yield. Each plant sample was divided
into two portions; the first portion had washed with tap
water, distilled water, air-dried, oven dried at 65°C for

Sand (%0) Silt (%0) Clay (%0) Soil texture pH

EC{Sm™")  OM (%) CaCO; (%) N'(mgkeg) Plimgke™

575 16.2 26.3 Sandy clay loam 8.2

226 0.29 27.98 23.31 5.56

! Available N-NO;- and P
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72 h and then ground in a stainless steel mill and stored
for elemental analysis. The ground plant material
was digested with concentrated sulphuric acid +30%
hydrogen peroxide according to the method of Wolf
(1982). In the digest, total phosphorus was determined
calorimetrically according to the method of Murphy and
Riley (1962). The second portion of plant sample
(fresh sample) was used to determine the fresh weight of
shoot system, dry weight, grain yield and weight of
100 kernels. At harvest, soil samples (0-30 cm swrface
layer) were collected, air-dried, ground, mixed thoroughly
and sieved through a 2 mm mesh screen for determine
available P. Soil available P was extracted using a 0.5 M
NaHCO, solution (Olsen et al., 1954) and determined by
ascorbic acid- molybdenum blue method at wavelength
of 406 nm as described by Murphy and Riley (1962). The
obtained data were tabulated and subjected to statistical
analysis according to Steel and Torrie (1982). Correlation
coefficient was done usmng the method described by
Draper and Smath (1981).

The efficiency of phosphorus was calculated as
follows (Dobermann, 2003):

Corn grain vield (kg ha 1)

Phosphorus Use Efficiency (PUE) = — - =
Fertilizer applied (kg PO ha *)

(Yield (fertilized)- Yield
(control)) (kgha ')
Fertilizer applied (kg P,O,ha ")

Agronomic Efficiency (PAE) =

(P total uptake (fertilized)- P
totaluptake (control)) (kg ha ')

Recovery Efficiency (PRE)= =
Y Y PRE)= . ilizer applied (ke PO, ha )

Corm grain yield (kg ha ')
P total uptake (kgha ")

Utilization Efficiency (UE)=

RESULTS AND DISCUSSION

Grain yield and fresh weight: Application of P by either
method significantly increased the shoot fresh weight, dry
weight, grain yield and weight of 100 kernels where, high
increase m yield parameters was occurred with fertigation
compared to soil mixing method of P application (Table 2).
Farcoq et al. (1994), Latif et al. (1997) and Alam et al.
(2002, 2003) also reported improved grain yield of wheat
due to fertigation of P at first wrigation compared to its
so1l mixing at sowing. As regards the extent of varietals
response to P application by different methods, it may be
observed (Table 2) that the behaviors of the two
varieties were almost similar for both methods of
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application. However, Hageen Niagra had relatively
greater response than to Hageen Asgro that may be
attributed to improved 100 grain weight of this variety at
fertigated treatment.

Table 2 showed that addition of P significantly
increased the shoot fresh weight, shoot dry weight, grain
yield and weight of 100 kemnels. Shoot fresh weight
increased gradually as the application rate of P increased.
Tt was increased for variety Hageen Asgro by 7.52, 12.95
and 16.33%, for rates of 30, 60 and 90 kg ha™,
respectively, relative to the control treatment. The
corresponding values for variety Hageen Niagra were
9.67,16.29 and 18.98%, respectively. The same trend was
found with the dry weight, where it was significantly
increased with application of P at any rate. The increases
for variety Hageen Asgro were 7.23, 12.52 and 15.87%
relative to the control treatment, respectively. The
corresponding values for variety Hageen Niagra were
8.89,15.73 and 19.23%, respectively. The highest values
of grain yield and weight of 100 kernel were attained at the
highest level of P (90 kg ha™). The increases in grain yield
for variety Hageen Asgro were 17.70, 27.80 and 42.39%,
respectively relative to the control treatment. The
corresponding values for variety Hageen Niagra were
40.91, 47.57 and 61.04%, respectively. Also, the weight of
100 kernel, behaved the same trend because of the total
seed yield 1s correlated with weight of seed.

Com varieties differed sigmficantly in shoot fresh
weight, dry weight, grain yield and weight of 100 kernels.
Mean highest of yield parameters was observed for
Hageen Niagra followed by Hageen Asgro.

The obtained results are mn close agreement with
those found by Mahalulkar et al. (1992), Legere et al.
(1994), Geelhoed et al. (1997), Hussein and Abdel-Nasser
(2002) and Hussein and Khater (2003). Alam et ai. (2003)
found that application of phosphorus sigmficantly
increased grain and straw yield and 1000 grain weight of
wheat. Ezekiel and Adigun (2005) showed that application
of different levels of phosphorus fertilizer increased
growth parameters (plant height, number of leaves and
leaf area) of pepper and okra plant.

Interaction effects of the treatments were significant
with dry weight and grain yield. Tn which, it increased with
increasing P fertilization rate.

Shoot and grain phosphorus contents: The data
presented in Table 3 showed that there are sigmificant
increases 1n shoot and grain P content with P fertigation
method than soil mixing. The same trend was noticed with
P uptake and total P uptake. Also, the results showed
significant increases in P contents due to increasing the
P application rate from 0-90kg P,0, ha™. These results
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Table 2: Effect of method and rates of P application on growth and grain vield of two com varieties

Prate Fresh weight Dry weight Grain yield Weight of
Method of application (kg P,0; ha™h) Varieties (tha™) (tha™) (tha™h 100 kernels (g)
Soil mixing at sowing 0 (Control) Hageen Asgro 2575 4.79 2.83 19.65
Hageen Niagra 26,70 4.97 2.29 21.96
30 Hageen Asgro 27.68 5.16 3.43 20.83
Hageen Niagra 28.25 5.24 3.74 21.58
60 Hageen Asgro 28.54 5.34 3.94 21.77
Hageen Niagra 29.92 5.56 4.07 2231
90 Hageen Asgro 29.84 5.53 3.96 21.88
Hageen Niagra 30.34 5.69 4.15 22,75
Fertigation 0 (Control) Hageen Asgro 27.08 5.06 3.11 21.34
Hageen Niagra 27.28 5.12 3.27 21.86
30 Hageen Asgro 29.12 541 4.15 22.3
Hageen Niagra 30.94 5.75 4.94 23.57
60 Hageen Asgro 31.13 5.75 4.29 24.09
Hageen Niagra 3285 6.11 5.02 2395
90 Hageen Asgro 31.61 5.89 5.21 22.75
Hageen Niagra 33.88 6.34 577 24.39
Mean efTect of P application Method (M)
Soil mixing at sowing 2838 5.28 3.55 21.59
Fertigation 3049 5.68 4.47 23.03
L8Dyps 1.07* 0.03%% 0.05%# 0.80%
Mean effect of P application Rate (R) (kg P;0; ha™!)
0 26.70 4.99 2.87 21.20
30 29.00 5.39 4.07 22.07
60 30.61 5.69 4.33 23.03
90 31.42 5.86 4.77 23.32
L8Dyps 1.20%* 0.12%% 0.10%* 0.97%%
Mean effect of corn Varieties (V)
Hageen Asgro 28.84 5.37 3.87 21.83
Hageen Niagra 30.02 5.60 4.16 22.80
L8Das (.75 0.05%* 0.04%* 0.35%*
Interaction effects (LSDs)
MxR ns ns 0.14%* ns
M=V ns 0.06%* 0.05%* ns
VxR ns 0.09% 0.07%% ns
MxRxV ns 0.13% 0.10% ns

NS&: Not Significant

are in agreement with Elwan (1991), Hussein and
Abou El-Seoud (1999), Hussein and Abdel-Nasser
(2002), Alam ef af. (2003) and Ezekiel and Adigun (2005).
Also, P uptake in shoot and grain of corn significantly
mcreased as a result of increasing P application rate. It 1s
clear from the result that the concentration of P in shoot
system and grain of com was ligher in Hageen Asgro
while, 1t was lower n Hageen Asgro. Total phosphorus
taken up by plants was also significantly higher in
Hageen Niagra while, it was lower in Hageen
Niagra. Increased phosphorus uptake due P
application may be attributed to increased yield rather
than its concentration.

Interaction effects of the treatments were significant
with shoot and grain P uptake. This means that all
treatments have a significant effect on studied parameters.

The data showed that there are a significant
correlation between applied of phosphorus and some
parameters of corn plant (Table 4). Method of application
had significant and positive effect on yield, phosphorus
content of corn and P uptake, where high yield, high
phosphorus content and high uptake of P was occurred
m fertigation compared to soil mixing method of

to
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application. While, significant method=P interaction effect
indicated increased P uptake to occur in fertigation
compared to  soil mixing method of application
{Ramhe and Mehdi, 1992). They concluded that immediate
use of wrigation water after P application was the key
factor in improving P fertilizer efficiency. In fact, when
monocalcium phosphate is added to alkaline calcareous
soil, the immediate reactions products are Di-Calcium
Phosphate Dehydrate (DCPD) and Di-Calcium Phosphate
Anhydrate (DCPA). The conversion of these two
reactions product is moisture dependent. Fertilizer P when
applied at seeding may be converted more to DCPA due
to less moisture and hence, would be less available. At
higher moisture content the conversion is towards DCPD.
This product is more effective in replenishing P
solution and stays for longer time before conversion to
DCPA (Sauchilli, 1965). Moreover, the crown root growth
at tillering has already developed close to the soil surface
and crowns have been found to absorb P (Tisdale ef o,
1985). The demand for P at this stage of growth is also
much higher compared to other stages of growth
(Romer and Schilling, 1986). Therefore, provision of
readily available P through fertigation to the developing
roots is more likely to meet the high P demand for a longer
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Table 3: Effect of method and rates of P application on corn shoot and grain elemental content and uptake

P content (%6)

P uptake (kg ha™)

Total P uptake (kg ha™")

P rate
Method of P application (kg P,Os ha™h) Varieties Shoot. Grain Shoot. Grain Shoot + Grain
Soil mixing at sowing Control Hageen Asgro 0.21 0.09 10.07 0.25 10.32
Hageen Niagra 0.21 012 10.44 0.27 10.71
30 Hageen Asgro 0.37 012 19.09 0.40 19.49
Hageen Niagra 0.38 0.15 19.90 0.55 2045
60 Hageen Asgro 0.41 014 21.91 0.53 22.44
Hageen Niagra 0.45 018 25.04 0.71 2575
90 Hageen Asgro 0.45 017 24.89 0.65 25.54
Hageen Niagra 0.47 0.20 26.74 0.80 27.54
Fertigation Control Hageen Asgro 0.24 0.14 12.15 042 12.57
Hageen Niagra 0.25 018 12.80 0.56 13.36
30 Hageen Asgro 0.41 019 22.18 0.76 22.94
Hageen Niagra 0.42 0.22 24.15 1.04 2519
60 Hageen Asgro 046 022 2644 0.89 27.33
Hageen Niagra 0.49 0.25 29.94 1.22 31.16
90 Hageen Asgro 0.49 0.25 28.86 1.22 30.08
Hageen Niagra 0.54 0.27 34.22 1.49 3571
Mean efTect of P application Method (M)
Soil mixing at sowing 0.37 015 19.76 0.52 20.28
Fertigation 0.41 0.22 23.84 0.95 24.79
L8Dyps 0.04% 0.03 %% 0.66%* 0.03 %% 0.24 %%
Mean effect of P application Rate (R) (kg P,Os ha™)
0 0.23 0.13 11.37 0.38 11.74
30 0.40 017 21.33 0.69 22.02
60 0.45 0.20 25.83 0.84 26.67
90 0.49 0.22 28.68 1.04 2972
L8Dyps 0.03%* 0.03 %% 1.28%* 0.04 %% 1,22
Mean efTect of corn Varieties (V)
Hageen Asgro 0.38 017 20.70 0.64 21.34
Hageen Niagra 0.40 0.20 22.90 0.83 2373
L8Dyps 0.01%* 0.01 % 0.30%* 0,02 0.30%*
Interaction effects LSDyg,
MR ns ns ns 0.06%* 1.75%#
MxV ns ns 0.42%% 0.03%* 0.43%%
VxR ns ns 0.60%+* 0.0 0.61%*
MxRxV ns ns 0.85%#* ns 0.86%*
Table 4: Correlation coefficients between P application methods and some parameters of corn plant
P Conc. P uptake
Fresh Dry Grain
Method of application Varieties of corn weight weight yield Shoot Grain Shoot. Grain
Soil mixing at sowing Hageen Asgro 0.99 0.98 0.95 092 0.99 0.94 0.99
Hageen Niagra 0.98 0.99 0.88 0.93 0.99 0.95 0.97
Fertigation Hageen Asgro 0.97 0.99 0.96 0.93 0.99 0.95 0.98
Hageen Niagra 0.96 0.98 0.95 0.96 0.98 0.97 0.98

period of time and thereby result in improved P use
efficiency. In an earlier study, consistent improvement of
DMY and P uptake in plants sampled at different times of
growth clearly showed the increased efficiency of
fertigated P compared to soil mixing P at sowing
(Alam et al., 1999).

Phosphorus efficiency: Phosphorus efficiencies of the
two corn varieties were calculated for different methods
and rate of application (Table 5). Fertigation method of P
application resulted i improving P Use Efficiency (PUE),
Phosphorus Agronomic Efficiency (PAE), Phosphorus
Recovery Efficiency (PRE) and phosphorus Ultilization
Efficiency (UE) over soil mixing method. The increases
were 25.42, 27.08, 16.67 and 6.98%, respectively. The
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increasing rate of phosphorus application was found to
be decreased all above mentioned efficiencies. This is
true because the utilization of nulrients decreased as
increasing the rate of nutrient application as stated by the
law of limiting factors (Blackman, 1903) and Liebig's law of
the minimum (Liebig, 1840). On the other hand, Hageen
Asgro variety was superior to Hageen Niagra variety
concerning the phosphorus efficiencies. The increases
were 12.07,64.12, 16,67 and 37.19% for PUE, PAE, PRE and
UE, respectively.

The response of crops to added P is generally
affected by soil factors such as pH, EC and CaCO,
content. Thus, poor efficiency of applied P may partially
be attributed to alkaline or calcareous nature of soil,
which favours P fixation by revering the applied P to less
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Table 5: Phosphorus efficiencies of two corn varieties as affected by methods and rates of P application

P rate PUE PAE PRE UE
Method of application (kg P,0s ha™) Varieties of corn (ke ke ) P,O (kgkg Y P,O (kgke™) (kg ke™
Soil mixing at sowing Control Hageen Asgro - - - 274.22
Hageen Niagra - - - 213.82
30 Hageen Asgro 114.33 20.00 0.306 175.99
Hageen Niagra 124.67 48.33 0.325 182.89
50 Hageen Asgro 65.67 18.50 0.202 175.58
Hageen Niagra 67.83 29.67 0.251 158.06
90 Hageen Asgro 44.00 12.56 0.169 155.05
Hageen Niagra 46.11 20,67 0.187 150.69
Fertigation Control Hageen Asgro - - - 247.41
Hageen Niagra - - - 244.76
30 Hageen Asgro 138.33 34.67 0.346 180.91
Hageen Niagra 164.67 55.67 0.394 196.11
50 Hageen Asgro 71.50 19.67 0.246 156.97
Hageen Niagra 83.67 2017 0.279 161.10
90 Hageen Asgro 57.89 23.33 0.195 173.20
Hageen Niagra 64.11 27.78 0.248 161.58

Table 6: Effect of method and P application on available soil phosphorus

(mgkg™)
Method of P P rate Available P
application (kg P,O; ha™)  Varieties of com  (mg kg™)
Soil mixing at sowing  Control Hageen Asgro 342
Hageen Niagra 3.36
30 Hageen Asgro 8.26
Hageen Niagra 7.97
60 Hageen Asgro 10.14
Hageen Niagra 9.88
90 Hageen Asgro 13.56
Hageen Niagra 12.79
Fertigation Control Hageen Asgro 2.69
Hageen Niagra 2.61
30 Hageen Asgro 6.88
Hageen Niagra 6.39
60 Hageen Asgro 9.7
Hageen Niagra 3.9
90 Hageen Asgro 12.77
Hageen Niagra 12.11
Mean efTect of P application Method (M)
Soil mixing at sowing 8.67
Fertigation 7.76
LSDggs, 0.14%%
Mean effect of P application rate (kg P,0O; ha™)
0 3.02
30 7.38
60 9.66
90 12.81
L8Dyps) 0.71%#
Mean efTect of corn Varieties (V)
Hageen Asgro 8.43
Hageen Niagra 8.00
L8Dyps 0.23%%
Interaction effects LSDyg o,
M=R ns
MY ns
VR ns
MRV ns

available calcium phosphate compounds (Rashid, 1994).
Fixation of soil mixing P is much greater than the P
fertigation techmque. Therefore, P fertigation has
performed most efficiently in many parts of the world
(Twyford, 1994). The obtamed results are in close
agreement with those found by Alam et ol (2003). They
found that the mean PULE of five wheat varieties across

four P sources varied in the order, Punjab-96>Pasban-
90 = Pervaz-94 = Shahkar-95>Tngelab-91. Yaseen e al.
(1998) also reported significant differences in PUtE among
20 wheat genotypes at deficient and adequate P levels.
Alam et al. (2003) reported that application of phosphatic
fertilizer by fertigation may contribute to improve P
fertilizer efficiency and increase wheat grain yield.

Soil available phosphorus: The results i Table 6
indicated that P application methods have a significant
effect on available soil P. Soil mixing method had
significantly higher amounts of available P (8.67 mg kg™
than the fertigation methed (7.76 mg kg™') (Table 6).
This result can be explained on the basis that P
concentration in shoot system and grain of two corn
varieties was higher in fertigation method treatment while,
it was lower m the soil mixing method. Thus, residual
available P in soil was more in soil mixing method than
fertigation method.

The
significantly as the rate of P application increased. The
increase 1n extractable P in soil was about 144, 219 and
324% for rates of 30, 60 and 90 kg ha™', respectively,
relative to the control treatment. Also, the results showed
that available P mn soil cultivated with varety of corn
{(Hageen Asgro) was sigmficantly lgher than available P
in soil cultivated with variety of corn (Hageen Asgro).
This may be due to total phosphorus taken up by plants
was significantly higher in Hageen Asgro whle, it was
lower mn Hageen Asgro. So that, residual available P in
soil was more in soil cultivated with variety of corn
(Hageen Asgro), while, it lower in soil cultivated with
variety of corn (Hageen Niagra).

amount of extractable P was increased

These results were agreed with those obtamned by
Thompson and Troch (1982) and Ezekiel and Adigun
(20035). Regression between P applications rates and
available P m soil at each method of P application was

90
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Soil mixing at sowing
T o 197 y--000155 +02756x
A8 10 R'=0.7127
Ty 8
=X ¢
% 4
5= 2
< 0
14 Fertigation
= 124 y=-0.001x*+0.2291x
22 10 R*=0.8443
H 8 8
ST 6
= B
=R ]
28 2
E = 0 T T T T T 1
0 20 40 60 80 100
Phosphorus application rate (kgha )
Fig. 1. Linear regression between phosphorus fertilization

(kg P,O.ha™) and available soil phosphorus
{mg P kg scil)

fitted. The inferred equations are shown in Fig. 1. A
significant positive correlation was found between
available P and P fertilizer rates at each method of P
application. The correlation coefficient was 0.98 and 0.99
for soil mixing at sowimng and fertigation, respectively.

CONCLUSION

The increasing costs and inaccessibility of chemical
fertilizers to small and medium scale farmers in developing
nations coupled with possible environmental pollution
make it imperative that research efforts should focus on
maximum production of good quality crops while,
avolding excessive and indiscriminate fertilizer use. The
more the quantities of fertilizer used, the less the
efficiency of the crops to use the nutrient element. It may
be concluded that com varieties differed significantly in
shoot fresh weight, grain yield, P content in shoot system,
P uptake and P use efficiency and may be ranked as
Hageen Niagra>Hageen Asgro>. Hageen Niagra variety
was, however, superior and Hageen Asgro was inferior in
responding to P applied by either method. Phosphorus
applied by fertigation resulted in improving the P
efficiencies as compared to its soil mixing at sowing.
Thus, application of phosphatic fertilizers by fertigation
along with selection of an appropriate variety may
contribute to improve P use efficiency and increase corn
grain yield.
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