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ABSTRACT

Two field experiments were conducted at the Experimental Station, Facuity of Agriculture
(Saba Bacha), Alexandria University at Abis region during 1/2002 and 2/2003 growing seasons of
to study the effect of five phosphorus fertilizer rates (0, 7.5, 15, 22.5 and 30 Kg P20s / fed.) and
two types of super phosphate fertilizer (fine powder and granular particle size 1-5 mm) on the
growth, yield and its attributes, as well as soil available-P and P-content in leaves of wheat piants
(sakha 8) grown in clay soil. The obtained results could be summarized as follows:

Increasing phosphorus rate from 0.0 to 30 Kg Pz0s / fed. caused significant increases in
all characters in both seasons except plant height in the first seasons which was increased
insignificantly, 1000-grain weight increased significantly with increasing P rate up to 15 Kg P20s/
fed. in both season ,while grain yield increased significantly with increasing P rate up to 22.5 Kg
P205/ fed in the first season and up to 15 Kg P;0s / fed in the second season.

Types of super phosphate had a significant effect on all characters in both seasons,
except plant height in the first season as well as number of spikes / m?, number of grains / spike
and 1000-grain weight in both seasons. Granular super phosphate was better than fine powder in
affecting at all studied characters.

Available-P in soil and P-content in wheat leaves increased significantly with increasing
the phosphorus fertilizer rates. Available-P decreased with increasing the age of plant, while P-
content increased with increasing the age of plant in both seasons. A positive significant
correlation between soil available-P at each particle size and P-content in the leaves of wheat
plant at both seasons.

Generally the wheat plants grown in the clay soil responded to phosphorus application at
each particle size (fine powder or granular particle size). The granular particle size was better
than fine powder of super phosphate types due to the low surface area of the granular and
reduces the sorption of P in soil.

INTRODUCTION

Phosphorus is considered essential nutrient for plant growth and
productivity. It is a component of nucleic acid, nucleic protein and energy-rich
compounds such as AMP, ADP, ATP through which plants store energy to
carbohydrates and nitrogenous compounds and it is a part of certain coenzymes
(Mengel and Kirkby, 1987). It is stated that, if the phosphorus supply to cereals
is inadequate during early stages of development, a reduction in number of ears
per unit area results and hence a depression in crop yield (Menge! and Kirkby,
1987). Application of P had a significant effect of available-P (Askar et al., 1986
and Shams et al., 1986) and P concentration in leaves ( Hamissa ef al., 1984
and Askar et al., 1986).

The grain yield increased significantly with increasing rates of P (Ahmed
and Khan,1977) . Phosphorus rates significantly affected grain and straw yields,
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umber of spikes / m? Higher values for grain and straw yields were obtained
om 30 Kg P,Os / fed. (Hagras, 1985). Concerning the needs of wheat to P
rertilizer in Egypt light texture soil areas, results of a few studies took places
there showed a response by grain and straw yields as well as most of their
attributes (El-Nagar ef al, 1989), Fayed, 1992 and Bassiouny et al., 1993).
Moreover, Abdul-Galil et al., (1997) found that phosphorus fertilizer significantly
increased wheat grain filling rate.
The present study was to evaluate the effect of several rates of P as
super phosphate fertilizer with two different particle size on yield and its
attributes of wheat grown in clay soil. In addition, the effect of P fertilizers on the
-soil available-P and P contents of wheat leaves were studied. Such information
is necessary before recommending the best particle size of the super phosphate
fertilizer. = -

MATERIALS AND METHODS

Two field experiments were conducted at Experimental Station, Faculty
of -Agriculture (Saba Bacha) Alexandria University at Abis region during 1/2002
and 2/2003 growing seasons using wheat plants (Var. Sakha 8) grown in clayey
soil. >

Soil physical and chemical characteristics were determined at the
beginning of the growing seasorns before application of phosphorous fertilizer.
The analysis of soil samples collected from the plough layer (30 cm depth) was
done according to the methods outlined by Page et al., (1982) and the data are
shown in Table 1.

Table 1. Initial physical and chemical properties of the soil used in field
experiments for the two seasons

Values
Soil properties 1/2002 season___ 2/2003 season
Sand % 26.9 25.87
Silt % 31.7 30.60
Clay % 414 43.53
Soil texture Clay Clay
PH1.1) 8.46 8.53
EC(2 (dS m™) 1.97 1.87
Total CO;~ % 8.92 8.86
Organic-C % 1.56 1.67
Available-K mg/Kg soil 374 387
Available-P_mg/Kg soil 6.46 - : 7.56

A split plot design with 3 replication was used. The main plots represent
the phosphorus rates (0, 7.5, 15, 22.5 and 30 Kg P,O; /ffed.) as super phosphate
(15% P.Os) were randomly. While, types of super phosphate fertilizer (fine
powder or granular (1-5 mm)) were randomly assigned to the sub-plot. The
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super phosphate was mixed with the 30 cm top layer of the soil before planting.
The area of the sub-plot was 2 x 3 m including 10 rows, 3m length and 20 cm
apart. Wheat (Triticum aestivum, L) variety sakha 8 was grown at 15 and 19
November in the first and second seasons, respectively. All plots had received
the recommended dose of 100 Kg N / fed. as ammonium nitrate (33.5 % N) and
50 Kg K/ fed. as potassium sulphate (48 % K;O) in two equal doses. The first
dose was applied after (21 days from pianting) and the second one was applied
before the second irrigation. Wheat was harvested at maturity stage (15 and 19
April) in the first and second seasons, respectively.

' Soil and plant samples were collected 3 times during the growth period
(60, 100 days after germination and at harvesting) in both seasons. Available
soil phosphorus was extracted with 0.5 M NaHCO, (pH 8.5) (Olsen and
Sommers 1982) and P in the extract was analyzed colorimetrically (Murphy and
Riley, 1962). Samples of plant leaves were dried in oven at 65 T and ground to
pass a 40 mesh screen.. After digesting 0.5 gram sample in H,SO, and H,0,
mixture (Lowther, 1980), P was determined colorimetrically (Murphy and Riley,
1962). Plant height (cm), spike length (cm), number of spikes /m?, number of
grains /spike, 1000 grain weight (gm), grain yield (ardab/fed.) and straw yield
(ton ffed.) were determined at harvest.

The data were statistically analyzed according to Steel and Torrie
(1982) and treatments means were compared by LSD at 5 % level. The
correlation coefficient was made according to Snedcor and Cochran (1967)
using costat program.

RESULTS AND DISCUSSION

Results presented in Tables (2 and 3) show that the effect of
phosphorus rates and super phosphate type on yield, yield attributes and P-
content in leaves wheat as well as soil available-P for the two seasons.

A — Growth:
A.1 - Effect of phosphorus rates:

The results in Table (2) show that the effect of phosphorus rates on
plant height of wheat plants. It is clear that addition P increased significantly the
plant height in the second season due to the increase of P rates to 30 g P,Os /
fed. while, plant height was no significant effect in the first season. Hamissa ef
al., (1984) found that the application of phosphorus at the rate of 30 Kg / ha.
increased significantly the plant height of barley plants.

A.2 - Effect of super phosphate type:

The results in Table (2), clearly indicate that the super phosphate type
significantly affect the plant height in the second season, while in the first
season was no significant. The highest value of plant height was used granular
super phosphate.

Vol. 8 (3), 2003 489



U6y £00Z (€) 8 'ToA

Table 2. Growth, yield and yield attributes of wheat plants as affected by phosphorus fertilizer rates and super

phosphatetype
Treatments Plant helght {cm) Spike length No. of spikes/m* No. of o 1000-graln Grain yield Straw yield
— {cm) : .; grains/spike - weight ggm) _(ardab/fed) (tonffed)
Ratesof _ Super 172002  2/2003 1/2002 2/2003 1/2002 2/2003 -~4/2002 2/2003 1/2002 172002 272003 172002 2/200
P(P0; phosphate - : ‘5 3

Control 94,67 82.67 9.00 9.00 340.67 337.00.. 3200 3500 44.07 ,143 50 14.32 14.37 2.90 3.04

7.5 Fine 96.67 87.33 9.33 9.67 34433 339.33 'J 33.00 - 36.00 4743 4570 14,78 15.13 3.06 3.18

Granular 97.67 90.00 10.00 1033 34600 34167 > 3367 3733 4833 47 33 15.59 16.30 321 323

Average © 9717 88.67 9.67 10.00 34517 340.50 L’ 3333 86T 47.88 4852 1519 1572 314 2

15.0 Fine 101.00 91.33 10.30 11.67 348.33 34167 - «- 3500 37.33 - 4963 448 50 1597 16.63 3.33 3.37

Granular 10167 10000 11.60 1200 351.00 345, 33 35.33 38,00 5230 :52.00 17.39 18.02 340 3.41

Avera 101.33 95.67 10.95 11.83  349.67. 243.50°° 3517 37.67 51.12.° '50.08 16.69 17.33 337 339

22.5 Fine 103.00 10167 1200 1266 352.67 346.67 36.00 38.33 4740 47.20 16.94 16,75 347 343
Granular 103.33 104.33 13.00 13.66 35467 347.33 3667 3867 4663 46.26 16.95 16.53 3.52 347

Average 103.17 103.00 4280 13.17 353.87 34700 3633 3850 47.02 4483 1695 16.64 3.50 345

30.0 Fine 10487 104.33 13.00 1433 35933 34833 38.00 3867 46.10 4508 16.18 16.07 3.60 343

Grenular 106.00 105.87 14.00 1467 361.00 35033 3933 39.00 4506 44.70 16.15 16.03 3.63 3.58

Average 105.33 105.00 1350 1450 360.17 349,33 3887 3883 4558 4483 1617 16.05 3.62 5

Aversge Fine 100.00 93.47 10.73 1147 349.07 34260 3480 37.07 4699 4589 1564 15.79 3.27 329

of type Granular 100.67 96.53 11.53 1193 350.67 344.33 3540 3760 4727 4667 16.08 16.25 3.33 335

Rates (R) N.S. 7.480 1.566 2.529 7.332 6.655 2.091 1.971 1.084 1.999 0678 0557 0.104 0.123

Type (T) N.S. 2418 0.332 N.S. N.S. N.S. N.S. N:S. N.S. N.S. 0243 0374 0.034 0.054

RxT N.S N.S. N.S. N.S. N.S. N.S. N.S. N.S 0.684 1775 0546  0.838 N.S. N.S.
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A.3 - Interaction effect:

The interaction between phosphorus rates and super phosphate type (R
x T) in Table (2) show no significant effect on plant height in both seasons.
B - Yield and its attributes:

B.1 Effect of phosphorus rates:

Results presented in Table (2) indicate that each P increment resulted
in a significant effect on spike length, number of spikes / m? number of grains /
spike, 1000 grain weight, grain yield and straw yield in the both seasons.
Increasing phosphorus rates from 0 up to 22.5 Kg P,0; / fed. in the first season

- and up to 15 Kg P.O; / fed. in the second season increased significantly the
grain yield. Similar results were obtained by Gardner and Jackson (1976),
Ahmed and Khan (1977), Garica and Torres (1978), Black (1982), Maxwell et
al., (1984) Hagras (1985) and Fiedler ef al., (1989).

B.2 - Effect of super phosphate type:

The results in Table (2) indicate that the super phosphate type
significantly effect on spike length, grain yield and straw yield in both the
seasons except, spike length in the second season. The result showed that the
granular super phosphate was better than the fine material of super phosphate
due to fact that the granular material reduce the surface contact between the

particle of the fertilizer and soil particle which reduce the P fixation and -

increased availabie-P for plant uptake.

Phosphorus levels had a significant effect on straw yield in both
seasons. Increasing P rates from 0 to 30 Kg P,Os / fed. increased significantly
straw yield. These results are in accordance with those obtained by Garica and
Torres (1978), Black (1982) and Hagras (1985). Increasing P rates up to 30 Kg
P,Os Hfed. increased significantly number of spikes / m 2 and number of grains /
spike (Table 2). Similar resuits were found by Black (1982) and Hagras (1985).

- Results recorded in Table (2) reveled that increasing P rates from 0 to 15 Kg
P.0s / fed. significantly increased 1000-grain weight in both seasons.
B.3 - Interaction effect:

The effect of interaction between phosphorus rates and super
phosphate type had a significant effect on 1000-grain weight and grain yield in
the both seasons (Table 2). On the other hand, the (R x T) interaction effect in
Table (2) show that spike length, number of spikes/m? number of grains/spike
and straw yield were not affected by the tried P increments.

C — Soil available-P and P-content in leaves:
C.1- Effect of phosphorus rates:

Resuits of soil available-P and P-content in leaves of wheat during the
growth different stages are presented in Table (3). Soil NaHCO;-extractable P
significantly decreased from 6.2 and 6.48 at 60 days after planting to 3.47 and
3.96 at 100 days after planting and to 2.56 and 2.70 ppm at harvest stage,
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‘Table 3. Soil available-P and P-content in leaves of wheat-as affected 'by phosphorus rate and super phosphate

type:
Treatments Available-P, mg/Kg solt - P-content in leaves (%)
60 days after 100 days after At harvest 60 days after 100 days after At harvest
planting planting 3 planting planting
Ratesof P . Super 172002 2/2003 1/2002 2/2003 1/2002 2/2003 1/2002 2/2003 1/2002 2/2003 1/2002 2/2003
(P20 phosphate "
Koffed) type .
Control 8.20 6.48 347 3.96 256- 270 0116 0.100 0.152 0.136 0.182 0.171
7.5 Fine 8.75 9.36 6.62 684  3.70; ".4.74 0.221 0.173 0.232 0177 0239 0.187
Granular 1238 1338 7.26 7.55 555 - 635 023 019 . 0.233 0.217 0264 0.245
Average 10.67 11.37 6.94 7.20 463 555. 0.228 0.185 0.233 0.197 0252 0216
15.0 Fine 14.95 14.99 12.38 13.19 8.11 8.67 0259 0.199 0.286 0.206 0274 0235
Granular 15.59 16.28 14.95 15.00 10.03 10.24 0294 0.258 0.325 0.260 0352 0271
Average 18.27 1564 1366 14.09 9.07 9.45 0.276 0.229 0.295 0.233 0.313 0.253
225 Fine 19.00 19.35 18.15 18.34 11.53 1206 0340 0.212 0.350 0.231 0.387 0.259
Granular 2242 2293 21.14 21.31 19.00 1647 0.351 0.267 0.365 0.294 0.411 0.330
Average 20.71 2114 1964 19.83 1527 1427 0346 0.240 0.357 0.263 0398 0.294
30.0 Fine 2606 2568 23.41 2297 2135 2093 0338 0309 0387 0.319 0393 0323
Granular 26.79 2749 2445 2579 2214 2407 0408 0325 0.430 0.374 0434 0372
Average 2842 2659 2393 2438 21.76 2280 0373 0317  0.409 0.333 0414 0348
Average of Fine 1499 1517 1280 13.06 9.45 9.82 0255 0226 0277 0.220 0295 0235
type Granular 1667 17.31 1425 1472 1186 1187 0258 0228 0.301 0.257 0329 0278
Statistical sianificant
L5008 .
Rates (R) 0620 0493 1254 0833 0.781 1319 0.099 0.065 0.062 0.053 0.051 0.092
o Type (Y - --- 0453 0431 0588 0691 -0214— 0778 NS - NS.__NS... NS 0018 0039
RxT 1.014  0.963 1317 1546 0478 1.742 N.S. N.S. N.S. N.S. N.S. N.S.
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respectively for the soil without P application (control) in the both seasons,
respectively. Similar trend was found in the soil treated with P at the rates of 7.5,
. 15, 22.5, 30 Kg P,0Os / fed. This decrease in soil available-P could be attributes
to either plant uptake or the conversion of P to less soluble compounds. More P
was removed in soil with less initial available-P i.e. in the first season removal of
P were 2.56, 4.63, 9.07, 15.27 and 21.75 ppm, at harvest when P applied to the
soil at the rates of 0, 7.5, 15, 22.5 and 30 Kg P,Os / fed. The corresponding
values in the second season were 2.7, 5.55, 9.45, 14.27 and 22.5 ppm. Olsen ef
al., (1954) reported that 10 ppm was the critical P level for wheat in natural soil.
- This result could indicate that more P response obtained with soils which have
initial low available-P at the high P application rates. This result sustains those
recorded by Shams et af., (1986). Soil available-P was increased significantly
with increasing P rates increased. This result agreement with Shams et al.,
1986, Askar et al., 1986 and Tara et al., 1999).

Resuits in Table (3) show also that, P concentration in leaves increased
significantly with applied P at 60, 100 days after planting and at harvest and with
increasing P rates in the both seasons. Similar result was found by Askar et al.,
(1986). The concentration of the P in leaves may be a good indicator of soil P
status if these processes are operating in parallel manner. )

C.2 - Effect of super phosphate type:

Results in Table (3) show the available-P in soil increased significantly
by increasing P rates as granular super phosphate after 60 and 100 days from

planting and at harvest. At harvest, P-content in wheat leaves increased
significantly by increasing P rates as granular super phosphate, while P-content
in leaves increased insignificantly by increasing P rates as granular super
phosphate after 60 and 100 days from planting in both seasons. This trend was
reported by others Walter et al., (1985). This could be explained on the basis,
that P added as granular material, may affect P-sorption reaction in soils. Khadr
et al., (1984) showed that low surface area of the granular P material reduces
the sorption of P in soils.
C.3 - Interaction effect:

The effect of interaction between phosphorus rates and super
phosphate type had a significant effect on available-P in soil at 60, 100 days
after planting and at harvest in the both seasons. While the interaction effect
between P rates and super phosphate type in Table (3) were without significant
effect on P-content in leaves of wheat.

D - Correlation study

Grain yield response to P rates was used to generate regression
response equations under each particle size (Table 4). These equations can be
used to determine the P rate that would have to be supplied to produce the
same grain yield at each particle size application in similar soil conditions.

When polynomial equations express the relationship between the grain
yield and the applied rates of P, Balba and Ali Balba (1975) used to compare
the rectilinear slopes of the polynomial equations to evaluate the relative .
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efficiency of that nutrient as affected by variable growth conditions. If the linear
slopes were compared for evaluating the efficiency of P applied under fine,
particle size and granular particle size, the results will be as follows, 1.0 : 1.72 =
0.18 : 0.31 in the first season and1.0 : 1.57 = 0.23 : 0.36 in the second season.
Table 4. Regression models describing the relationship of P applied rate with

grain yield in both seasons
Super phosphate type Regression equation r
(Y = grain yieldfed X = P applied
rates)

) Season 2001 / 2002
Fine super phosphate Y = 14.082 + 0.18 X - 0.003 X* 0.870
Granular super phosphate Y = 14.16 + 0.31 X - 0.008 X? 0.658

Season 2002 / 2003
Fine super phosphate Y =14.12 + 0.23 X - 0.005 X* 0.779
Granular super phosphate Y = 14.39 + 0.36 X - 0.010 X* 0.431

Soil available-P was linearly correlated with the P applied rate for the
different particle size. This relationship is expressed by simple regression
equations and presented in Fig. 1. The available-P with each particle size was
positively correlated with P applied rate. The comparison of the equations
slopes gives a quantitative expression for the efficiency of P at the particle size.
The efficiency of P granular particle size increased to 1.16 % as compared with
the efficiency at the P fine particle size in the first season and 1.21 % in the
second season. It could be concluded from these results that the efficiency of P
applied for increasing available-P was increased as the granular particle size
used.

The relationship between P content in leaves and P applied was
expressed by a straight line equation at each the particle size (Table 5). A
significant positive relationship was found between P leaves content and P
applied rates at two particle size. The comparison of the slopes of the two
equationis gives a quantitative expression of the efficiency of P at the different
particle size. The efficiency of P granular particle size increased 1.18 % as
compared with the efficiency of fine particle size in the first season and 1.20 %
in the second season.

Table 5. Simple regression equations for relating the P content of Ieaves with P
applied rate In two seasons

Super phosphate type Regression equation T
(Y = P-content In leaves X = P applied
rates)
Season 2001 / 2002
Fine super phosphate Y=0.181 +0. 0076 X 0.971_
Granular super phosphate Y =0.188 + 0.009 X 0.980
Season 2002 / 2003
Fine super phosphate Y=0.160 + 0.005 X 0.980_
Granutar super phosphate Y = 0.180 + 0.006 X 0.991
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The relationship between P content and available-P with both particle size
was evaluated (Fig. 2). The r values obtained for the linear relationship between
leaves P content and available-P with fine particle size were 0. 887 and 0. 993"
in both seasons, respectively, while granular particle size 0.957" and 0.973" in
two seasons, respectively.

Generally the wheat grown in the clay soil responded to phosphorus
application using the two types of super phosphate (Fine or granular particle
size), The granular super phosphate was better than the fine powder of super
phosphate due to the fact that low surface area of the granular particle size
reduce the sorption of P retension in soil.
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