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ABSTRACT: This investigation was conducted at the Agricultural Research
Station of the Faculty of Agric., Zagazig University at Khattara for two
growing seasons (2004/2005 and 2005/2008). The study aimed to investigate
the response of two wheat cultivars (Sakha 93 and Gemmiza 9) to two N
fevels (50 and 100 kg N/fad), four P levels (check, 20, 40 and 60 kg P,0Os/fad)
and three P splitling treatments (S,, at sowing, S; }: at sowing + ' one
month latter and S., ¥ at sowing + ¥ two months latter} on yield and fts
attributes and P uptake as well as P efficiency attributes under sandy soil
conditions using sprinkler irrigation system

Gemmiza 9 out yielded Sakha 93 in grain yield (combmed data) due to
superiority in plant height 2 season), number of spikes/m® (1°* season),
number of grains/spike (combined), thousand grain weight (combined),
harvest index {combined) and total P uptake {combined). No significant
cultivar differences could be detected in grain weight/spike, straw yield/fad,
and all P use efficiency attributes though Gemmiza. 9 had, in most cases
higher averages than Sakha 93. '

Doubling the level of N to 100 kg Nffad was accompanied ,y a significant
increase in each of plant height, number of spikes/m°, number of
grains/spike, thousand grain weight, grain weight/spike, grain and straw
yields/fad and harvest index. The total P uptake (TPU), P translocation
efficiency (PTE), P apparent recovery efficiency {PARE) and P agronomic
efficiency (PAE) were, also, increased but the P physiological efficiency
(PPE)} and P utilization efficiency (PUE) were decreased.

The increase of P level up to 60 kg P,Osfad was foliowed by a significant
increase in grain yield/fad and almost all their attributes, but each P
increment caused a significant decrease in each of PARE, PPE, PAE, PUE
and P agrophysiological efficiency (PAPE).

Data of combined analysis revealed that addition of P as % at sowing and ¥

one month later produced the highest averages for plant height, number of
spikes/m’, number of grains/spike, grain yieldffad, harvest index, TPU, PTE,
PARE, PUE and PAE, but delaying the addition of the second split to two
months after sowing produced higher averages for thousand gram weight,
grain weight/spike, PPE and PAPE.
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Results of the interactions between N and P levels in the two wheat cultivars
revealed that optimum grain yield/fad could be maximized to 11.33 and 12.62
ardab/fad in Sakha 93 and Gemmiza 9 due to the addition of a predicted
optimurn P level of 40.6 and 40.5 kg P.Os/fad. These additions could secure a
profit of 443.57 LE in Sakha 93 and 489.56 LE in Gemmiza 9. The total profit
due to these additions amounted to 2038.4 and 2133.0 LE in the two wheat
cultivars, respectively. According to these results, doubling the level of N
played a great role in optimizing the level of added phosphorus due to their
compensating effects. Also, the partly addition of P as ¥ at sowing and 2
one month later increased its uptake and utilization.

Key Words: Nitrogen, phosphorus, Yield, Sprinkler irrigation, Sandy soil.

INTRODUCTION

Wheat is considered the first leading cereal crop all over the world.
Sustaining wheat production through maximizing unit land area productivity
and increasing the cultivated area is a national target in order to minimize the
gab between production and consumption. Sandy soils are considered the
main grea for agriculture extension. However, production of wheat in these
soils is facing many problems, among them the poor soil fertility and thus
low N and P contents.

Several workers reported significant vatietal differences in yield attributes
and yield potentiality among different Egyptian wheat cultivars (Mowafy,
2002; Allam, 2003; Ali, et al., 2004; Allam, 2005; Gaballah, 2005-a; Mehasen
and Mohamed, 2005; Table af ai., 2005; Abd el-Hameed, 2006; EI-Sawi ef al.,
2006 and Gafaar, 2007).

Regarding the response of wheat to N fertilization under sandy soil
conditions, several authors reported significant increase in yield of wheat
due to the increase of N level up to 40 and 75.5 kg Nffad (Shaaban, 2006 and
Weber et al., 2008). Also, others got yield response when they added 100
kgN/fad (AbdulGalil et al., 1997 and Abd El-Maaboud et al, 2006). However,
Tawfelies and Tammam (2005) got similar response when they added 105 kg
Nifad. Moreover, Mowafy {2002), Abdul Galil et al. (2003), Haike! and El-
Melegy (2005) and Mekail ef al (2006) found that this response reaching 120
kg Nfifad. Furthermore, Allam (2003) and Selim (2004) got higher response
when they added 125 kg N/fad. Soliman (2000) found similar higher response,
but, to N addition of 180 kg Nifad. in all these responses, the significant
increase of yield was attributed to the significant increase of yield attributes.
Ashmawy and Abo-Warda {2002) noticed that application of N fertilizer up to
120 kg N/fad caused a significant increase in number of spikes/m’, number of
grains/spike, 1000 grain weight and grain yield/fad. Ali ef al. (2004) reported
that wheat yield and most of its attributes showed a positive response to N
application up to 120 kg N/fad. Gaballah {2005-b) observed that application of
N fertilizer up to 100 kg N/fad had a gradual effect on grain and straw yields
and their attributes.
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The importance of tillering as a determinant of the yield of wheat has been
recognized (Davidson and Mchevalier, 1990 and Rodriguez et al, 1999).
Phosphorus is the most major nutrients hecause P deficiency limits crop
growth, tillering capacity and yield (Sato et al., 1996 and Rodriguez et al,
1999). Some authors reported significant increase in yield of wheat due fo the
increase of P level ranging from 13 to 25 kg P,0; /fad (Abdul Galil et af., 2003;
Sarhan, 2004 and El-Mancy and Koth, 2006). Other authors reported that
wheat responded to more addition of P reaching 31.0 kg P,0s/fad (Abdul Galil
et al., 1997; Saleem, 2000; Abbas ef al., 2001; Abd-Alla, 2002; Abdel-Hameed,
2005; Abd El-Maaboud et al., 2006 and Kotb, 2007) and 45kg P,Cs/fad (Hegazi
and Hassan, 1998 and El-Bana, 2000}. Moreover, Aly {1998) and Attia and Aly
{1998) reported that wheat yield and most of its attributes showed a positive
response to P application up to 46.0 kg P,Os/fad for both straw and grain
yields/fad.

Yield and its attributes of wheat are affected not only by the rate of P
fertilization but also by the timing of P application. The time of P fertilizer
application before or after sowing is more effective regarding its fixation. So,
the determination of the optimum time of application date will be reducing P
fixation (Satorre and Slafer, 1999). Uptake of P is more rapid from jointing to
anthesis growth stages, where seventy-flve percent of P uptake was
transiocated to the grain at maturity (Fageria et al, 1997). El-Marsafawy
{2000} observed that 15.5 P;Ogfad fertillzer application affer planting,
promote penetration and hence more P absorption before fixation and hence
yield attributes. in other study El-Marsafawy et al. (2001) observed that all
yield and its attributes of sesame were significantly Increase when the P
fertilizer application was applied at the second frrigation.

Therefore, the present study aimed to find out the response of two wheat
cultivars to N and P fertllization levels and splitting of P application on grain
yield and its attributes and P uptake and efficiency attributes under sprinkler
irrigation in a sandy soil.

MATERIALS AND METHODS

This investigation was conducted at the Agricultural Research Station of
the Faculty of Agric., Zagazig University at Khattara for two growing seasons
(2004/2005 and 2005/2006). The study aimed to investigate the response of
two wheat cultivars to N and splitting of different P ilevels on grain yield and
P uptake and efficiency attributes. A separate experiment was devoted for
each cultivar. The soll of the experimental site is sandy in texture where it
has a particle size distribution of 89.1, 4.9 and 6.0% for sand, silt and clay,
respectively. The soil had an average pH value of 7.7 and organic matter
content of 0.28%. The available N, P and K contents were 18.3, 3.4 and 57.8
pprr?, re)spectively (average over the two seasons for the upper 30 cm of soil
surface).
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A. Factors under study:
A.1. Wheat cultivars : a. Sakha 93 b. Gernmiza 9
A.2. Nitrogen levels ; a. 50 kg N/fad b. 160 kg N/fad

These two levels were given in five equal splits from 10 days after sowing
and in 14 days intervals. It is worth to mention that a basal dose of 20 kg
Nifad was added as an activating dose before sowing. Nitrogen was given in
the form of ammonium sulphate (20.5% N).

A.3. Phosphorus levels : a. check b. 20 kg P.Os/fad c. 40 kg P.O/fad
d. 60 kg P,0;/fad

A.4. Phosphorus splitting :

a. S; : all amount at sowing b. S; : ¥ at sowing + ¥: at one month later

€. 8, : ¥z at sowing + %z at two months later

Phosphorus was applied in the form of ordinary superphosphate (15.5
P,0;). Potassium sulphate (48 — 52 K;0) at a level of 50 kg K,O/fad was added
at seedbed preparation. hrigation was practiced at 4 days intervals using
sprinkler irrigation. Wheat followed follow preceded, also by wheat. -

A spiit split plot design with three replicates was used where the main
plots were occuPied by the N levels whereas P levels and P splitting were
allotted in the 1° and 2™ sub-plots, respectively. A separate experiment was
devoted for each cultivar. The area of plot was 13.5 m” {3 m. in width and 4.5
m. in length} including 20 rows, 15 cm a part. Wheat was sown in the last
week of November in rows in the two seasons at a fixed rate of seeding of
400 seeds/m’ for all the two cultivars under study taking in consideration
their test weight. Harvest date was on the first week of May for Sakha 93 and
in the second week of May for Gemmiza 9 in the two seasons. The other
cultural practices for growing wheat under these conditions were applied.

Grain and straw yields/fad and harvest.index were determined from the
ten central rows (6.75 m’). The following straw and grain. yields attributes
were recorded from an area of 0.5 m® which was [abled after seedling
emergence : plant height, number of spikes/m?, number of grairisispike,
thousand grain weight and grain weight /spike. Grain and straw samples
were taken from plants of the forementioned 0.5 m? where their P contents
were determined using the colorimetrical method according to Jackson
{1967). The following measurements were determined :
1.Grain P uptake {(GPU), grain P content x grain yield (kg P/fad).
2.Straw P uptake (SPU), straw P content x straw yield (kg PHad).
3.Total P uptake (TPU), 1 + 2 (kg Pifad).
4.Phosphorus translocation efficiency (%) (PTE) : (GPUTPU) x 100.
5.Phosphorus apparent recovery efficiency (PARE): {(TPU; -TPU./P.)x 100.
6.Phosphorus physiological efficiency (PPE) : (TY;— TY,/ TPU,— TPU,) kg /kg

]

7.Phosphorus agrophysiological efficiency (PAPE) : (GY; - GY, / TPU, -

TPU,) kg/kg P.
8.Phosphorus agronomic efficiency (PAE) : (GY; - GY/P,) kg / kg P
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9.Phosphorus utilization efficiency (PUE) : PPE x PARE (kg /kg P)

Where: GPU and TPU are grain P uptake and total P uptake. TPU; and
TPU, are total P uptake by grain and straw in the fertilized plot (kg) and the
unfertilized plots. P, is the quantity of P applied (kg}. TY; and TY, are total
yields/fad recorded for the fertilized and the unfertilized. GY; and GY, are
grain yield of the fertilized crop and unfertilized crop. The calculations were
made according to Fageria et al. (1997).

Data were statistically anaiyzed according to Snedecor and Cochran
(1981) as a split-split plot design. Analysis was made for each cultivar.
Differences between cultivars were compared from the combined of the two
seasons using a T-test at 5% level of significance. Treatments means were
compared using LSD. In interaction tables, capital and small letters were
used to compare rows and column means, respectively, *** and N.S denote
the significant and highly significant and the insignificant differences,

The response eguations were calculated according to Snedecor and
Cochran (1981) using the orthogonal polynomial tables for significant
interactions between factors under study: The significancy of the linear and
quadratic components of each of these equations was tested, then the
response could be described as linear (first order) or quadratic (second
order).

The predicted maximum averages (Y,x) which could have been obtained
due to the addition of the predicted maximum P fevel (X} were calculated
according to Neter et al. (1990). The predicted optimum grain yield (Yon)
obtained due to the addition of the predicted optimum P level (Xopt.) and the
profit obtained due to this addition was calculated according to AbdulGalil et
al. {2003) using the following equation :

Profit (1) = P [C (Xop)?] in LE
Profit (2) = P (Grain yield without P fertlllzer)

Where: profit (1) is gained due to addition of the optimum P level (X,,).
Profit (2) is obtained without P fertilization. P is the price of ardab (180 LE). q
is the cost of P unit (70 LE). C is the quadratic coefficient of the grain yield
response equation.

RESULTS AND DISCUSSION
A) Wheat yield and its attributes
A.1. Plant height and number of spikes/im?:
A.1.a. Cultivar differences:

in both seasons, Gemmiza 9 had ftaller plants with larger number of
spikesim® than Sakha 93. These differences were squlcant regarding plant
height in the second season and number of spikes/m? in the first season. The
combined analysis, however, did not detect the significancy of these
differences (Table 1).

It seems evident that the superiority of Gemmiza 9 in plant helght was not
on the expense of tillering and hence the number of spikes /m% In the .
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Table (1): Plant height and number of spike/m?® of the two wheat cultivars as affected by

splitting of different levels of phosphorus in the two seasons and their combined.

N levels and

Maln effects and interactions

Plant haight (cm)

No. of spikes/m®

First season

Second season

Combined

Flrst season

Second season

Cambined

Sakhs 93 Gemmiza 5 Sakha'93 Gemmiza § Sakha 93 Gemmiza ¥ Sakha 33 Gemmiza 9 Sakha 93 Gammiza 9 Sakha®3 Gemmiza 9

Nitregen fevaels sffest : (N}
50 kg Nifd

100 kg Nifad

F. test

Phosphorus lovais effact : (P)
Chack

20 kg P.Oyffad

40 kg P:0uMad

60 kg P.Ogitad

F. test

Maximum responsa
Maximum X

Phospho. splitting affect :
S, (at sawing)

Sz (% at sowing + ¥: ons mohth later)
8, (¥: at sowing + % two months Iater}
F. tast

Intargction affect :

NxP

RxS

Sxp
Cuitivar differences
Sakha 93
Gemmiz 8

T. tast

81.42
86.00

-

73,474
79,62¢
86820
88.10a
15.76
71.8¢

88,4286

87.18a
81.92¢

-

NS

83.71

NS

B3.73
B3. 1

a

T75.93d

8E.14e

87 46k
88.83a
870
0.2

87.48b
89.03a
84.91¢

wer

-0

e

86,42

82.36
86.77

78.,%98d
B83.46¢
85490
86,80a
7.50
59.8

8E.08p

86.71a
8l.76c

NS
NS

84,566

84.54b
88.560a

-

80.14d
86.44c
87.62b
88.62a
8,33
56.8

87.01k
88.20a
85.48¢

NS
NS
NS

8652

81,89
88,39

“w

78.22d
81.64c
86.18b
87.35a
11.62
66.8

85.25b
86.95a
82.84c

NS

e

84,14

NS

84,14
48,81

-

80.04d
86.30¢
87.64b
88,722

8.50
67.8

87.25h
89.12a
86.200

-

NS

B8e.47

2468
283.5

-

216.0d
261.2c
2725
278.2a
B1.83
§0,0

273.2b
278.2a
2680.40

"~

-n

N§
NS

286.2

268.4
294.2

a

220.9¢
270.6b
294.9a
298.7a
-
78.91
42,60

286.7h
294.7a
282.8b

L0

NS
NS

281.2

247.8 275.6
293.2 300.6
- -
217.8d 230.6d
280.2¢ 277.8¢c
279.8b 30060
288.22 304.8a
" -
70.10 76,11
58.2 52.8
277.3h 296.8b
286.3a 302,52
266.6¢c 283.9¢
- “

. NS
' NS

2706
288.0

2473
2883

-

218.9d
260.7c
276.1b
28%.7a
g6.50
E3.8

275.3b
282.3a
262.9¢

“

ak

2867.8

272.0
291.3

-

225.7d
2Td.Te
297.7b
N1.8a

7.0
52.8

291.8b
258.6a
283.3¢

.

"

NS
NS

284.7
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literature, several workers reported significant cultivar differences in yield
attributes and yield potentiality (Mowafy, 2002; Allam, 2003; Ali, et al., 2004
and Gafaar, 2007).

A.1.b. Nitrogen level effect:

Doubling the level of added nitrogen to 100 kg N/fad was accompamed by
a significant increase in each of plant height and number of splkeslm The
role of N in plant elongation and tillering is extesively reported in the
literature by Shaaban (2006) and Weber ef al. (2008) when they increased N
level to wheat up to 40 and 75.5 kg Nffad. Also, others got similar response
when they added 100 kg N/fad (AbdulGalil ef al., 1997 and Abd El-Maaboud et
al. 2006).

A.1.C. Phosphorus level effect:

Each P increment reflected a significant increase in plant height of the two
wheat cultlvars in both seasons. Thls was also true regarding the number of
spikes/m® except the failure of the 3™ P increment to add a further significant
increase in the number of splkesfm of Gemmiza 9 in the first season.
However, the combined analysis ascertained the significancy of this P
increment where each increase in P level produced a significant increase in
both the plant height and the number of spikes/m®.

It is interesting to note down that Sakha 83 was more responsive to P than
Gemmiza 9, regardmg plant height. The reverse was true regarding the
number of splkeslm Also, the two wheat cultivars were in need to a higher
level of P to maximize their plant heights than to maximize the number._of
spikes/m’. It is evident from Table (1) that Gemmiza 9 could produce an
increment of 77.03 splkelm due to a predicted addition of 52.6 kg P,Os/fad
compared with 65.60 spikes/m’ produced by Sakha 93 due to a predicted
addition of 53.8 kg P,Os ffad. According to these results, the highest P level
tried in this study {60 kg P;Oslfad} satisfied the N requirements of the two
wheat cultwar in regarding maximizing their tillering and hence the number
of splkeslm

Since the soil of the experimental site is sandy and had a poor content of
available P {3.4_ppm), wheat responded to sach P increment up o the
addition of 60 kg P,0g/fad. This addition maximized plant height and number
of spikes/m’ in both wheat cultivar but with greater magnitude in Gemmiza 9
than in Sakha 93 cultivar.

The importance of P in enhancing tillering as a determinant of wheat yield
was reported by (Davidson and Mchevalier, 1990 and Rodriguez et al. 1999).
Phosphorus is a limiting factor for growth and tillering (Sato ef al., 1996 and
Rodriguez et al., 1999). Some authors found significant mcrease in yield
attributes of wheat when P ranged from 13 to 25 kg P,0O4/fad (AdulGalil et al.,
2003; Sarhan, 2004 and El-Mancy and Kotb, 2006).
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A.1.d. Phosphorus splitting effect:

It is quite clear from Table (1} that splitting of added P as % at sowing and
% one month later enhanced plant elongation and tillering as well, where the
highest averages were recorded. On the other hand, the lowest plant height
and number of spikes/m” averages were recorded when P was split as % at
sowing and 2 two months later. This was true in the two wheat cultivars in
the two seasons and their combined.

These results clearly indicate that wheat plants were not benefited from
delaying the addition of the second split of phosphorus to two months
instead of one month after sowing. The fulI addition at sowing produced
taller plants with larger number of spikes/m’ than the formationed treatment.
This indicates the late added P two months after sowing was not efficiently
used by wheat plants whereas early added one was more effective as for as
elongation and tillering.

Yield and its attributes of wheat are affected by the timing of P
application, (Satorre and Slafer, 1999). Also, El-Marsafawy, et al. (2001)
observed that sesame yield and its attributes were significantly increase
when P fertilizer was applied at the second irrigation.

A.1.e. Interaction effect :

The N x P interaction affected s:gmﬂcantly plant height of Gemmiza 9 in
the first season, and of Sakha 93 in the second season. The combined
analysis ascertained this significant effect in only Gemmlza 9. This
interaction affected significantly the number of spikes/m’ of the two wheat
cultivars in both seasons and their combined {Table 1-a). The Nx Sand S x P
interactions had different significant effects in the two wheat cultivars.
However, the combined analysis detected significant effect of the N x S
interaction on plant height and number of sp:keslm of Sakha 93 (not
presented) and of S x P mteractton on plant height of the two wheat cultivars
and number of spikes/m’ of Sakha 93, (Table 1- -b)

. It is evident from Table (1-a) that the response of either plant height or
number of spikes/m® to the increase of P level was positive diminishing but
with different magnitudes at the two N levels and in the two wheat cultivars. it
is quite evident that lower predicted maximum P level was needed to
maximize plant height of Gemmiza 9 at the high than at the low N level. This
was also true regarding the number of splkeslm of Sakha 93. However a
higher predicted P level was needed to maximize the number of spikes/m’ of
Gemmiza 9 at the high than at the low N level. Therefore in Kasha 93 N and P
played a compensating roles whereas in Gemmiza 9 they played a
complentry one.

- It is evident from Table (1-b) that Gemmiza 9 plant height showed linear
response to the increase of P level when added in two splits as in §; whereas
this response was diminishing in Sakha 93 This diminishing response was
observed, also in the number of spikes/m? of Sakha 93. In both cases, as m
fower P level was needed to maximize plant height and number of spikes/m’
of Sakha 93 when the second split was given one month instead of two
months after sowing (S;).
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Table (1-a} : Plant height and No. of spikes/m® as affected by N x P interaction, as well as,

response
equations_and predicted maximum (Y y,,) and P levei {Xxa,} {combined).
N level P lavais (kg PoOgifad) Rasponse squation N Knax
kgNHad o 20 40 80 =2+ bx - ox’ ™ Kg POufad
Plant height ([cm)
Gemmiza 9

D 2] B A

50 77.41b 8283 b §6.09 b 86.94 b 77.82+ 5.634x ~ 0.843 x? 86.91 66.83
c B8 A A

100 82,67 a 87.96 a 80.00 a 20.51a 82.62 + 6.906x ~ 1.42 x° 81.02 48,66

Number of splkes/m®
' Sakha 93

2} c B A

50 187.06 & 8.4 2561 b 2886h 1B8.6 + 54.57% — 9.476 x* 267.2 &7.60
c B A A

100 24684 282.9 a 2971a 298.8 a 2474+ 42.72x - 8,676 x° 3006 49582

Gemmiza 9

o c B A

&0 214.5b 2862k ° 2813 b 2878 b 216.9 + 67 40x - 11.30 x* 28838 50.8
c B [' A A

100 236.9a 28224 31420 31682 236.1 + 59.66x ~ 10.93 »° 376 §54.8
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Table (1-b) : Plant height and No. of spikes/m’ as affected by S x P interaction, as well as, response
equations and predicted maximum (Y,,,) and P level (x@ {combined).

P tevels (kg P:0ufad) Rasponse aequation Yoo Kinax (kg
P splitting =a+bx-cd Pz05 Had)
20 40 &0
Plant haight {om)
Sakha 93

[ B A

Sy 81.10b 86.37b 87.80b 84,10 + §.19x - 2.42x* 88.02 63.84
c B A

5 83.53 & 88.04 m 89.30 2 83,53 + 6.14x — 1.63 x* 29.31 57.67
[+ B A

&; 79.98 ¢ 83sfe 8497 ¢ 79.99 + 4.67x - 1.08 x* 84.9% 62.84

Gammiza 9

[ B A

5 35,33 b 87.77h 88.66 b 86.33 + 3.22x - 0.78 X 87.50 €1.28
c B A

8y 86.88 a 80,16 a 9133 a 56.88 + 2.318x
c B A

S 8368 ¢ 8872¢ 8819¢c 83,68 + 2.83x = 0.78 ¢ 86.2 55,82

Numbar of spikesim®
Sakha 33

c B A

N 261.3b 27860 2868 b 261.3 + 22.36% ~ 6.06 286.0 64.28
[+] -] A

S 267.9 a 2854 a 29362 267.9 # 22.16x ~ 4.86 x° 2943 §7.63
c B A

Sy 2628 ¢ 2843 ¢c 2Ti8¢ 262.8 + 13.6x - 2.00 x* 2758 87.60
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A.2. Grain weight/spike and its components :

A.2.a. Cultivar differences :

In both seasons and their combined, Gemmiza 9 had significantly larger
number of grains /spike and heavier 1000 grain weight than Sakha 93. This
was aiso true regarding the grain weight/spike but the differences did not
reach the level of sighificance in both seasons and their combined (Table 2).

These results clearly indicate the superiority of Gemmiza 9 over Sakha 93
in all grain yield attributes. Results in Table (1) showed that it had longer
plants and larger number of spikes /m’ than Sakha 93. In the literature,
several authors reported significant varietal differences in yield attributes
and yield potentiality of wheat (Allam, 2005; Gaballah, 2005-a and El-Sawi et
al., 2006).

A.2.b. Nitrogen level effect :

Doubling the level of N to 100 kg Nffad was foliowed by a significant
increase in the grain weight/spike and its two components. This was valid in
the two wheat cultivars in the two seasons and their combined with the
exception of the difference observed in grain weight /spike of Sakha 93 in the
second season where this difference did not reach the level of significance
(Table 2).

Similar favourable effect was observed due to the increase of N ievel on
plant height and number of spikes/m’ (Table 1). Several workers reported
significant increase in yield and its attributes due to the increase of N up to
105 kg N/fad (Tawfelles and Tamrmam, 2005). However, Mowafy {2002}, Abdul
Galil et al. (2003}, Haikel and El-Melegy (2005) and Mekail ef al. {2006) found
that this response reached 120 kg N/fad.

A.2.c. Phosphorus level effect :

In the two wheat cultivars, each P increment produced a significant
increase in each of the number and weight of grains/spike as well as the
1000-grain weight. This was true in both seasons and their combined (Table
2). In all cases, Gemmiza 2 was more efficient than Sakha 93 in making use of
soil phosphorus where it recorded higher averages at the zero P level. This
was alsc true at the rest of P levels up to the addition of 60 kg P,Os/fad.
However, Sakha 93 was more responsive than Gemmiza 9 to the increase of
P level, where it recorded higher maximum response of 0.449 gm in grain
weight/spike due to a predicted P addition of §1.8 kg P;0s/fad compared with
a maximum response of only 0.40% gm recorded by Gemmiza 9 due to a
predicted addition of 51.0 kg P,0O:/fad. Similar magnitude of response could,
also be obhserved in the number of grainsispike and the 1000 grain weight
and could account for the varietal response observed herein in the grain
weight/spike.

According to these results, the two wheat cultivars were in need for about
52 kg P;Osffad in order to maximize their grain weight/spike. Similar resuits
were reported by AbdulGalil et al. (1997), Saleem (2000), Abbas et al. {2001)
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Table (2): Number of grains/spike, 1000-grain weight and grain weight /spike of the two wheat cultivars as
affected by N levels and splitting of different levels of phosphorus in the two seasons and their
combined.

Numbkar of grainsispike 1000-gratn welght {gm) Grain waight /spike

. Firel spasaa Bacond seasoa Combined First ssason Becond season Gombinad First asasen Second season Gambined
Main sffects and

Hakka 93 Sakha 83 Sakha 92 Sakha #3 Sakhae 53 Sakha 83 Bakha 93 Sakha 83 Sakha 83
L ? 9 | 9 ] L) L

Mitrog HIL)
640 kg WAd 3440 3747 A48 3727 2443 3787 3648 3800 3457 2646 3488 3683  1.832 1842 1520 168 1562 1.606
100 kg N/fad a7.04  2B78 3096 3973 3713 3378 3871 40.87 57,95 4063 98,35 4020 1792 1.818 1717 1762 1 1788
F. foat - - - . M - - - “ - “ - - . NS - - -
Ehesphorua lsvsis sffect : (£
Chack 28964 31.88%d  20.73d 31404 28.84d 31544 J0.1Bd  31.83d  284%d  AD.ERd  29.65d 31.24d  1.293d  1.373¢ 1.308d  1.37Rd  1.308d  1.378d
20 kg P,Ouifad 34.53c  AT.26c  M.2%  IT.25: M4le T.2%c  ASMe  3683c  3607c d648c 528c 3860 1888c 1.683c 16570 1.436c 16160 1868
40 kg PaOvfad 37,286 40.48b 3126k 3N$3b  2T30b 40.04b 23.51b  A966b 3781k 33.32h  JIs.16b 3945k 4.F43b 1773k 1.67Bb  1.726b 1.71%b  {.76b
80 kg P:Owtad 28.00a 40.77a  37.88m  40.82e 2783 40708 3807 40.34n  38.3da  40.13a 387 40.23n  1.780a  1.304p 1.731a 17602 1.767a 1.784n
F. tast - " - - - o - - - " - - - - - - - -
Maximunm responss ' 8.08 846 [%1] s.23 816 948 [E1] 8.57 2.2 a.67 ERT] 2.02 0492 0433 0421 0381 0449 D409
Maximum X 548 544 4.8 83.4 54.'!' BAS &5.0 ET4 624 648 &3.8 56.0 45.1 495 580 52.2 1.8 6.0
Ehosphorus soliting sitest .(5)
&, [at sowing) 35.76b  2941b IS AEb 3348k 381D J988p JT02c  3808c I6AIc IB0ic IpGdc 3B03c 1.E843c 18Ik 15EGe  1.802: 1503c 1.416e

84 (Y ut sowing + ¥ one month Istar)  37.61m 40,202 37252 239.4%6m  IT4ta  40.13a IT.TAab  IN030  37.22b 3866h  3I7T.50D JA.Bdb  1.726h 1.TEEm 1657 17230 1.493b 1.758b
8y (Ve st yowing * Y% two months tater}  36.87¢  J4.07c  3568c  3dd4c  IB63c  IB26c 38288 IE0a  J7.67a 5h2Ta 3788 3hdd4e  1.304a 1.34d4a 1.760x  1.786a 1.783a L2

F. tast - " - - - - " - - " - - ™ - . - » -

Lotersetion effect ;
NxP " NS ' . - “ “ " N - - . - - - NE - "
Nxs Ne . N8 NS NS NS Ne N3 N8 NS N3 NE Ne NS . NS v NS
axy Na 1] NS NS NS NS N8 N8 N8 NS N3 NS NS NS N8 N8 Ns N&
Cultivar difterandes.;
Bakha #3 36.85 ' 35.7¢ 2578 3694 36.28 368.81 1.887 1621 1.666
Gammiza B .62 $8.60 38,67 as.is ar.8 38,02 1718 1,883 1696

T. test * v * * * > NE L] NE
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and Kotb {(2007) when they increased P level to wheat up to 31. kg P;0s.
Moreover, Aly (1998) and Attia and Aly (1998) reported that wheat yield and
its attributes showed a positive response to P application up to 46.0 kg
P,Oglfad.

A.2.d. Phosphorus splitting effect:

Splitting of added P had different significant effects on the grain
weight/spike and its two components. The number of grains/spike followed
the previously observed trend observed in plant height and number of
spikes/m’. The highest grain number was recorded by split addition of P as %
at sowing and ¥;: one month later whereas the lowest number was recorded
due to delaying the second split to two months after sowing which recorded
the heaviest 1000-grain weight and hence the heaviest grain weight/spike,

These results clearly indicate the late added P was more effective on the
1000 grain weight which inturn was more conributing to the grain weight
fspike than the grain number. This refers to intra-spike competition for
photosynthetas hy the larger number of grains/spike produced due to early
addition of the second P split one month after sowing. This splitting
treatment produced as well larger number of spikes/im? than the split addition
of P two months after sowing refering to a possible inter-spikes competition.
These two intra-plants competitions could account for the decrease
observed in the grain weight/spike due to the early addition of the second P
split one month after sowing.

A.2.e. Interaction effect :

The N x P interaction affected significantly the grain weight/spike and its
components of the two wheat cultivars (Table 2-a). Also, the N x S affected
significantly the grain weight/spike of Sakha 93 in the second season and
was confirmed by the combined analysis (Table 2-b).

It is evident from Table (2-a) that the grain weight/spike showed quadratic
response to the increase of P level. This response was higher at the higher
than at the lower P level, where higher predicted grain weight fspike could
have been obtained due {o the addition of a lower predicted P level. In other
words, the increase of N level maximized the response to added P in the two
wheat cultivars. This was also observed in the number of grains/spike and
the 1000-grain weight and could account for the response observed herein in
the grain weight /spike. In the two wheat cultivars only about 47.0 kg P,0/fad
were needed to maximize the grain weight /spike at the high N level
compared with 60.4 and 57.3 kg P,O4/fad needed to maximize this weight at
the low N level by Sakha 93 and Gemmeiza9, respectively.

It is evident from Table {2-b) that the late split addition of P at two months
after sowing recorded the heaviest grain weight/spike of Sakha 93 at the low
N levels. However, when the N level was increased the two P splitting
treatments produced at par averages which were higher than that recorded
by the fuli P addition at sowing.
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Table (2-a) : The grain weight /spike and its two component as affected by N x P interaction, as well as,
response equations and predicted maximum (Yma,! and P level (Ximax) (combined),

N Tavel P {svais (kg P.Dy/fad) Response equation _;mu
kgNTad 0 et LB % gyt b Y &
P;Ogifad)
No. of grains Ispike
Bakha 83
+] < B A '
&0 25.(9:8 b 32.;4 b 35.:9 b 36.9%b 27.04 + 6.97x — 1.23 x° 8.9 §56.67
A
100 1070 a 3689 a 38.70 2 38.96 a 30,69 + B.45x —1.23 x” 34,18 82.40
Gommiza 2 ,
2] ¢ B A )
50 Su.éB b 35.%4 b 38.18 b 38.;2 b 30.42 +8.57x =116 x* T2 56.64
100 32.71a 3885a 41,30 a . 41,6682 32,76 + 7.13x — 1.8 x* 41.90¢ 51.29%
1000-grain waight (gnt) !
Sakha 53 .
] c B A
1] 28.%0 b 33.%9 b 36.:6 b ST.AB b 28.28 + £.099x — 1.043 x° 37.20 58,48
100 3049 37.8 a 3997 a 40.243 31.08 + 7.568x — 1.605 x* 40.54 §0.23
o c 8 Gasmmiza ¢
50 ZS.ET [-] 34.%7 b 38.35 ] 3830 b 29.80 + 5.190x - 0.788 x° 38.28 §5.88
100 32.72a 38.91a 42039 4217 a 32.73 + 7.685x - 1.513 x* 42,49 Bo.79
Graln welght /spike {gm)
Sakha 83 .
D c 8 A
50 1.223 b 1.4;2 b 1.6:8 b 1.515 b 1.230 + 0.220x - 0,049 x* 1.668 60.42
C
100 1.383a 1738 8 1828a 183%9a 1.292 + 0.404x — 0.086 x* 1.886 45.98
Gommiza 3
D ¢ B
50 1285 b 1.5;8 b 1.8:8 b 1.717 b 1.293 - 0.292x - 0.051 x° 1.711 57.28
C A
100 1.468 a2 1763 a 1.856 o 1.862a 1,474 + 0.348x - 0.076 x* 1.878 46.40
Table (2-b): Grain weight /spike of Sakha 83 as affected by N x S interaction (combined).
N laval {kgNAad) Splitting of phosphorus
84 8; S,
Grain weight /spike
Sakha 83
c ) B A
50 1438 b 1583 b 1895 b
B A A

100 1,729 a 1.803 a 1.871 &
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A.3. Grain, straw and total yields/fad and harvest index

A.3.a. Cultivar differences :

In the second season and the combined of the two seasons, Gemimiza 9
recorded significant higher grain yieldffad than Sakha 93. However, the two
wheat cultivars did not vary significantly in the straw yieldffad. The
superiority of Gemmiza 9 was reflected in harvest index as it recorded higher
average than Sakha 93 in the first season and the combined of both seasons
(Table 3).

The superiority of Gemmlza 9 in grain yield/fad is rather expected as it had
higher number of splkesim {Tabie 1) with heavier grain weight/spike (Table
2) than Sakha 93 though the differences did not reach the level of
signifi cance in both seasons and their combined except in the number of
spikes/m’ in the first season. in literature, several authors reported
significant varietal differences in yield and its potentiality (Mehasen and
Mohamed, 2005; Table et al., 2005 and Abd el-Hameed, 2008).

A.3.b. Nitrogen level effect:

Doubling the level of N to 100 kg N/fad was followed by a significant
increase in grain yield/fad and harvest index in hoth seasons and their
combined. This was aiso, true regarding the straw yieldifad with the
exception of the insignificancy of differences in the second season (Table 3).
This could be attributed to the increase of number of splkeslm {Table 1) and
grain weight/spike (Table 2) which could account for the increase obhserved
herein in grain and straw yields/fad and in the harvest index. Under sandy
soil conditions, Gaballah {2005-b) got similar results due to additions of N up
to 100 kg Nffad. Also, others got similar response when they added 120 kg
N/fad (Ashmawy and Abo-Warda, 2002). However, Allam (2003} and Selim
{2004) got higher response when they added 125 kg Nffad. Furthermore,
Soliman (2000) found similar response, but, to N addition of 180 kg N/fad.

A3.c. Phosphorus level effect:

Each P increment was followed by a significant increase in grain yield/fad.
However, the straw yield/fad showed different trends in the fwo wheat
cultivars and in the two seasons. According to the combined analysis. no
further significant increase was obtained in the straw yield/fad of Sakha 93
beyond the addition of 20 kg P;Os/fad and in the straw yieldffad of Gemmiza 9
beyond the addition of 40 kg P,Os/fad.

According to these results the harvest index was significantly increased
with each P increment up to the addition of 80 kg P.Osfad. This clearly
indicates that added P promoted dry matter partitioning towards grain filling
and hence the grain yield/fad was mcreased The results further indicate that
the increase of number of spikes/fm® and grain weight per spike (Tables 1 and
2) due to the increase of P level up to the addition of 60 kg P.Os/fad was
reflected herein insignificant increase of grain yield/ffad. Some workers
reported significant increase in yield of wheat due to the increase of P level
up to 31.0 kg P,Ogffad (Abd-Alla, 2002; Abdel-Hameed, 2005 and
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Abd El-Maaboud et al., 2006). Moreover, Hegazi and Hassan (1998) and El-
Bana (2000) reported that wheat responded to more addition of P reaching 45
kg P.Os/fad.

A.3.d. Phosphorus splitting effect:

In both seasons and their combined addition of P as % at sowing and %
one month later produced the highest grain vield averages whereas delaying
the addition of the second split to fwo months after sowing recorded the
lowest ones. This was true in Gemmiza 9 in the two seasons and their
combined and in Sakha 93 in the second season and the combined. This was
also observed in harvest index (Table 3).

Similar favourable effects were observed in all grain yield attributes due to
splitting P partially at sowing and one ‘month later (Tables 1 and 2). El-
Marsafawy (2000) noticed that 15.5 P,0Ogfad application after planting
promote the plant root to more interception to the soil and more absorption
from P immediately before fixation and hence yield and its attributes were
increased.

A.3.e. Interaction effect:

The N x P interaction affected significantly the grain yield/fad as well as
harvest index as given in Table (3-a).

In both wheat cultivars the response of grain yield/fad due to the increase
of P level was diminishing but with different magnitude at the two N Jevels, it
is evident from Table (3-a) that higher grain yield averages could have been
obtained due to the addition of lower predicted P level at the high than at the
low N level. In Sakha 93, a maximum predicted grain yield of 10.70 ardab/fad
could have be obtained due to the addition of 78.4 kg P.O./fad at the low N
level compared with higher yield of 12.18 ardab/fad obtained due to the
addition of only 47.1 kg P.Og/fad at the high N level. This was also observed
in Gemmiza 9 where these yield maximums were 11.15 and 12.68 ardab/fad
predicted due to the addition of 61.9 and 46.4 kg P,Og/fad, respectively. This
effect was also observed in the harvest index indicating that the increase of
M leve! maximized the effect of added phosphorus and hence saved the need
of high P addition.

From the economical point of view the resuits in Table (3-a) show also
that the optimum grain yield ffad could be maximized to 11.33 and 12.62
ardab/fad in Sakha 93 and Gemmiza 9 due to the addition of a predicted
optimum P level of 40.6 and 40.5 kg P,Og/fad, in respective order. These
additions could secure a profit of 443.57 LE in Sakha 93 and 489.56 LE in
Gemmiza 9. The total profit obtained due to these additions amounted to
2038.4 and 2133.0 LE in the two wheat cultivars, respectively.

According to these results optimum additions of about 40 kg P;Os/fad are
recommended at the high N level (100 kg/fad) to optimize the grain yield/fad
to 11.33 and 12.62 ardab/fad in Sakha 93 and Gemmiza 9, respectively.
However, in order o maximize the grain yield to 12,18 and 12.68 ardabffad
additions of about 47 kg P,0Os/fad are recommended.
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Table (3-a) : Grain yield and harvest index of the two wheat cultivars as affected by N x P interaction, as
well as, response equations and predicted maximum and Optlmum yields and the expected

profit {combined).
N lavel P leveis (kg P,0gfad} Rasponse equation v v Kg P,Ogifad Prafit LE
- o - 40 6t =a+bx—o ™ " Konan X, Pry Pr, total
it
Grain yisld (ardabffad)
Sakha 92
o c A
50 712b 8.85 h 9.77b 10.54 b 716 + 1.804x ~ 0.23 %7 10,78 9.33 784 61.4 392,74 1288.8 1681.5
< B A A
100 878 11.23a 1186 a 1203 a 8,88 + 2,818k - [.688 x* 12,18 11,33 471 408 443,67 1634.8 20384
Gummiza §
23 [+ B A
50 1240 084 b 10.615 11.200 7.29 + 2.494x - 0.403 x* 1118 11.05 §1.9 52,28 486.7 1312.2 18078
c -] A A
oo 2.05a 11802 12332 12462 9.13 + 3.080x — 0.860 ¥ “12.68 1262 46.4 40,50 489.56 1643.4 21330
Harvest index (%}
Sakha 33
=} c B A
50 2954 b 33.27% 3506 b 38620 28,63 + 3,932x — 0.543 x° 36,75 7241
c B A A
100 3236a 3755a W.5Ta 3B.70a 32,63 + 5.799x - 1.2685 x* 3918 46.84
‘Gemmiza 8
D [+ -} A
50 Jo44 b H4T72b 363410 3750k 30,55 + 4.62x - 0.780 x? ar.3s §9.23
e A A A
100 33.68a BT7a 3812 a 33.33a 33.39+5.46x~1.240 x 33.30 44,03
+pty : Gained due to additionof xopt = P Ec {x opt.y} +pr; : chtalned wlihout Pflnlllr.aﬂon
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It is interesting to note down that the additions which maximized the grain
vield/fad are the same which maximized the grain weightispike in the two
wheat cuitivars (Table 2-a). These additions maximized as well the harvest
index (Table 3-a).

B. Phosphorus uptake and efficiency attributes :
B.1. Total phosphorus uptake and translocation and recovery
efficiency

B.1.a. Cultivar differences

The two wheat cultivars varied significantly in the total P uptake (TPU)
where Gemmiza 9 had higher uptake average than Sakha 93. However, no
significant varietal differences could be detected in P translocation efficiency
(PTE) or P apparent recovery efficiency (PARE).

These results clearly indicate that Gemmiza 9 had higher capacity than
Sakha 93 in uptaking phosphorus. This could be observed in the high
capacity of Gemmiza 9 in recovering 34.56% from added P fertiiizer
compared with only 28.87% recovered by Sakha 93 though the differences in
this recovery did not reach the level of significance (Table 4}. The results
further indicate that about 50% of uptaken phosphorus was translocated to
wheat grains in the two wheat cultivars,

B.1.b. Nitrogen level effect :

Doubling the level of N to 100 kg N/fad was accompanied by a significant
increase in each of TPU and PTE of the two wheat cultivars. This was also
obsetved in the PARE but the difference did not reach the level of
significance in Gemmiza 9 {Table 4}.

These resuits could be attributed to the increase of total yield/fad due to
doubling the level of N addition {Table 3). The increase of PTE indicates the
more partition of P towards grain filling. Moreover, the increase of PARE due
to the increase of N level, indicate that added N might have had increased
root extension where more root surface was served for P uptake from added
phosphorus,

B.1.c. Phosphorus level effect:

It is evident from Table (4) that each P increment was foliowed by a
significant increase in the TPU where Gemmiza 9 was more responsive than
Sakha 93 in this respect. This response amounted to 7.046 kg P/fad which
could be obtained due to a predicted addition of 68.8 kg P,Og/fad in Gemmiza
8 compared with 6.286 kg P/fad obtained due to the addition of 76.9 kg
P,0s/fad in Sakha 93.

The PTE of Sakha 93 showed linear response to the increase of P level,
but this response was quadratic in Gemmiza 9. The PTE of Gemmiza 9 could
be maximized due to the addition of 61.2 kg P,0; /fad. In both wheat cultivars,
the PARE showed significant diminishing decrease with each P increment.

These results clearly indicate that wheat plants could make use of soil
phosphorus. it was evident that without P addition, Sakha 93 and Gemmiza 9,
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Table (4): Total P uptake, P translocation efficiency and P apparent recovery efficiency of the two wheat
cultivars as affected by N levels and splitting of different levels of phosphorus in combined

analysis.
Total P uptake (kg PHad) TPU P transiccation afficiancy (%) (PTE) F apparent racovery afficiency (%)
Main sffects and interactions - (FARE)
Combined Combkined Combined
Sakha 93 Gemmiza 9 Sakha 83 Gommiza 9 Sakha 93 Gemmiza 9
Nitrogen laveis sffect : (N}
50 kg Nitd .86 1M 46.04 45.68 2552 dr.82
100 kg Nifad 12.37 13.99 49,77 50.289 32.22 3721
F. tost - - - - . NS
Phosphorus tevals sffact - {P)
Chack 6.81d 7.67d 44.624d 4389 ¢ - -
20 kg P2Ouffad 2890 11.63 0 45.78 ¢ 4749 b 3645 2 44.27 a
40 kg P20s/ad 11.48 b 13.30b £8.32 b 4913 a 2811 b 3228 b
80 kg POpftad 1298 8 1473 a 49.722a 50.08 a 2345¢c 2714 ¢
F. test - P - . w -
Maximum response 6.286 7.048 Linear 5,980 13,00 © 17,35
Maximum X 78.9 888 81.2 80.4 B6.D
sphorus splitting o#fect :
8, (at sowing) 10.73 b 1225 b 48.71b 4527 b 23.89p 28,24 b
8; {¥2 at sowing + % one month later) 1410 18.16 a 50.08 2 §1.30a 46,5142 54.48 a
§3 (% at sowing + 2 two manths later} 961¢ 11.23¢ 46,03 ¢ 46.14 ¢ 16.20¢ 2057 ¢
F. test - - - - " "
Interaction effect :
Nxp . " NS - * NS
Nx§ b - NS NS - b
SxpP * * NS NS - -
o] AL diffe, as ¢
Sakha 93 11.0% 47.91 28.87
Gemmiza 9 12.68 48.41 34,56

T. tost * - NS NS

paweyo "W weyag pue Ajemop y's ‘eyseg ‘v'H 1HeDmpqy Y 'Y




Effect of n level and splitting different levels of p on yield of two ........

could uptake 6.81 and 7.67 kg P/fad, in respective order, However, with each
P increment, the two wheat cultivars, could increase this uptake but
diminishingly. This diminished increase in P uptake could account to the
significant decrease of PARE due to the increase of P level.

B.1.d. Phosphortus splitting effect:

Splitting of added P as ': at sowing and ¥: one month later (S} recorded
the highest TPU, PTE and PARE averages. However, addition of the second
split two instead of one month after sowing (S;} recorded the lowest
averages. This was true in the two wheat cultivars (Table 4).

These results again reflected the efficiency of early top dressed P than
late to P dressed one as far as P uptake and translocation to grain and
recovery from fertilizer phosphorus. The results further account for the
increase of all growth and yield attributes due to this early P split addition
{Tables 1 and 2).

B.1.e. Interaction effect:

According to the combined analysis, the N x P interaction affected
significantly the TPU of the two wheat cultivars and the PTE of Gemmiza 9
and PARE of Sakha 93 (Table 4-a). Also, the N x S and S x P interactions
affected significantly the TPU and PARE of the two wheat cultivars (Tables 4-
b and 4-c, respectively).

It is evident from Table (4-a) that the TPU was significantly increased with
each P increment but with different magnitudes at the two N levels. This
response was diminishing at the high N level in the two wheat cultivars. Also,
the increase of N level played a significant role, particularly in Gemmiza 9, in
saving the additions of phosphorus, where lower P level was needed to
maximize the TPU at the high than at the low N level.

It is evident also from (Table 4-a) that the PTE of Gemmiza 9 showed linear
response at the fow N level but quadratic at the high N level. Addition of a
predicted P level of only 45.4 kg P.Os/fad could have had maximized this
efficiency to 51.77% at the high N level.

"Finally results in Table (4-a) indicated that the PARE of Sakha 93 showed
differential response to the increase of P level at the two N levels. This
efficiency continued to decrease with each P increment at the high N leve),
but no further decrease was observed beyond the addition of 40 kg onslfad
at the low N level.

Regarding the N x S interaction results in (Table 4-b) showed that both the
highest TPU and PARE averages were recorded when P was split-partly at
sowing and one month later {8,} whereas the lowest averages were recorded
when the 2™ split was delayed to two months after sowing (S;). This was true
at the two N levels and in the two.wheat cultivars but with more pronounced
effect at the high than at the low N fevel and in Gemmiza 9 than in Sakha 93.
The total uptake was maximized to 17.83 kg P/fad (42.61 kg onslfad) in
Gememiza 9 compared to only 15.85 kg P/fad (37.66 kg P,O/fad) in Sakha 93
at the high N level, when P was added as ¥: at sowing and %2 one month later.
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This was also observed in the PARE which was maximized to 52.07 and
59.09% in Sakha 93 and Gemmiza 9, respectively.

These results clearly indicate that doubling the level of N to 100 kg Nifad
increased the efficiency of wheat plants in recovering added phosphorus.
This recovery amounted to more than 50% when P was split added partly at
sowing and one month [ater but was minimized to about 20% when the
second split was delayed to two months after sowing.

It is evident from Table (4-¢) that each P increment was followed by a
significant linear increase in the totat P uptake in the two wheat cultivars but
with higher magnitude in S; than in S, or S,. Therefore PARE was
significantly decreased with each P increment in this P splitting treatment.

These results clearly indicate that the early addition of the second P split
at one month after sowing had maximized the total uptake of P and its
recovery from added P fertilizer. This addition coincided with the active
crown root stage as well as the early tillering both of which might have had
enhanced the P uptake as a total and specifically from added P fertilizer. The
decrease of PARE with the increase of P addition indicates a diminishing
increase of TPU.

B.2. Phosphorus physiological, agrophysiological, utilization

and agronomic attributes :

Results in Table (5) show the effect of N level, P level and splitting of the
different P levels on Phosphorus physiological efficiency (PPE), Phosphorus
agrophysiclogical efficiency (PAPE), Phosphorus utilization efficiency (PUE)
and Phosphorus agronomic efficiency {PAE) in the two wheat cultivars
according to the combined analysis.

B.2.a. Cultivar differences:

No significant cultivar differences could be detected in any of the
abovementioned P efficiency attributes though Gemmiza 9 had, in most
cases higher averages than Sakha 93. Similar insignificant cultivar
differences were mentioned regarding the PTE and PARE (Table 4) and could
account for the insignificancy of cultivar differences observed herein.

B.2.b. Nitrogen level effect: '

Dcubling the level of N decreased fthe FPE in the two wheat cultivars, with
significant offect in Gemmiza ¢- rfowever, the PAPE was not significantly
affected by the incre==v ¢ level in the two wheat cultivars. However, the PUE
of Gemmica ¥ was decreased whereas the PAE of Sakha 93 was increased
due to the increase of N level (Table 5). The significant decrease of PPE and
PUE of Gemmiza 9 due to doubling the level of N could be attributed to a
significant increase in P uptake caused by this N increment (Table 4).
However, the significant increase of PAE of Sakha 93 due to the increase of N
level indicating that this N increment was efficiently served in building up the
grain yield.
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Table (4-a): Total phosphorus uptake and translocation and recovery efficiency as affected by N x P
interaction, as well as, response equations (combined),

N ioval kgNAad P lovals (kg P;Ogfad) Response squation Yoo Kmakkg
: [ 20 o 80 =a+bx-ex’ PoQs/fad)
Total P uptake
Sakha 93
B [+ B A
&0 588 b BE5 b 10.00 b 1166 b 5876 + 2,736x
D [+] B A
100 7.72a 11342 12882 14,37 a 7.840 + 3.816x - 0.553 x* 14.3% 63.0
Gemmiza 9
4] [+ 8 A
§0 6720 10.36 b 1174 b 1338 b 6,847 + 3.634x - 0.498 «* 13.47 T2.8
D c B A
100 8.61a 1271 a 14.86 a 16.18 a 8.666 + 4.571x — 0,695 x7 1€.18 65.8
P translocation sMaisncy
Gammiza &
B B A A
&0 414t a 44.32b iT66 b 48,77 > 43.08 +2.092x -
B A A A
100 A44.66 60.87 a 5062 a 51404 44,89 + 8.057x - 1.333 x? 51.77 454
Phosphorus apparsnt recovary
Sakha 93
A B B
50 3M51b 2346 b 21480 31.51 — 11.14x - 3.085 x* “
A B c
100 41,392 20.97 a 2631a 41,39 — 44,80x - 3.380 x* - -
- Not predicted -
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Table (4-b). Total phosphorus uptake and phosphorus apparent recovery of the two wheat cultivars as
affected by N x S interaction (combined).

N level kg/fad . Splitting of phosphorus
8, S, S;
Total P uptake
Sakha 93

B A c
50 9.38 b 12.35b 847 b

B A c
100 12.07 a 15.85a 10.75a

Gemmiza 9

B A c
50 10.90 b 1449 b 10.08 b

B A c
100 ' 13.55a 17.83a ' 1237 a

Phosphorus apparent recovery
Sakha 93

B A Cc
50 20.82 b 4096 b 14.77 a

B A c
100 28.96 a 52.07 a 17.64 a

Gemmiza 9

B A c
50 2581a 49.88 b 20,08 a

B A c
100 30.67 a 59.09 a 21.86a
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Table (4-c): Total phosphorus uptake and phosphorus apparent recovery of the two wheat cultivars as
affected by S x P interaction, as well as, response equations {combined).

N tevel kgNifad P levels (kg_onslfad) Response equagion Yona o

20 40 80 =a+hbx-ex
Total P uptake
Sakha 93

c B A

8¢ 9.38b 1064 h 12.16 b 9.25 + 1.520 x - -
c 8 A

S, 1230 a 14.24 a 158.758a 12.30 + 1,725x - -
c B A

S; 8.30 ¢ 855¢ 1098 ¢ 8.24 + 1.520x - -

Gemmiza 9

c B A

S1 1082 b 1210 b 1376 b 10.70 + 1.850% - -
Cc B A

S, 14.16 a 16.36 a i7.95a 14.20 + 2.188x - -
c B A

S; 962c¢c 1144 ¢ 12.62¢ 9.62 + 2.140x - -

. Phosphorus apparent recovery '
Sakha 93

A B8 B

Sy 2539b 2191b 2038 b 29.39 — 10.46x + 2.975x" - -
A B c

Sz 62.91a 42.85a 3408a 62.91 - 26.32x + 5.945 x* - -
A A A

S5 17.04 ¢ 15.68 ¢ 15.88 ¢ 17.04 — 2.140x + 0.780 x° . .

Gemmiza 9

A B B

S 3606 b 2541 b 23.25h . 36.07 — 14.91x + 4.245 x° - -
A B C

S2 7436 a 4983 a 3926 a 74.36 — 31.51x + 6.980 - -
A A A

S 22.38¢ 21.61b 18.92b 23.02 - 3.650x - 0.960 x° - -

- Not predicted
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This effect was also evident in Gemmiza 9 but with less magnitude. In
other words Gemmieza 9 was more efficient than Sakha 93 in serving the low
N level in building up the grain yleld whereas, Sakha 93 was more responsive
in serving the increase of N level in this respect.

B.2.c. Phosphorus level effect:

Each P increment caused a significant decrease in each of PPE, PAPE,
PUE and PAE in the two wheat cultivars. The response of these P efficiency
attributes was diminishing in the two wheat cuftivars (Table 5) and was aiso
observed in PARE (Table 4) which could account for the results obtained
herein. The diminishing increase in totat P uptake due to the increase of P
level could aiso account for the decrease observed herein in each of PPE,
PAPE, PUE and PAE.

B.2.d. Phosphorus splitting effect:

The highest PPE average was recorded in the two wheat culfivars when P
was split added as ¥z at sowing and ¥ two months later whereas lowest one
was recorded due to the split addition of P as 'z at sowing and % one month
later. This was also, observed in PAPE with more clear trend in the two wheat
cultivars. The reverse was true regarding both the PUE and PAE where the
highest averages were recorded for the addition of P as : at sowing and ¥
one month later.

Therefore, the PUE and PAE are more meaningful from the efficiency
fertilization point of view. PUE expresses the amount of biomass yield
whereas, PAE expressed the amount of grain yield produced per kg of added
P. Both P efficiency attributes, followed the trends of total P uptake and the P
apparent recovery efficiency and hence clearly indicate that split addition of
P as 2 at sowing and ¥z one month later promoted the uptake of P and its
recovery from added P which in turn increased its utilization in building the
wheat biomass and finally building the wheat grain yield per kg of added
phosphorus,

B.2.e. Interaction effect

The N x P interaction affected significant!ly the PPE of Gemmiza 9 and he
PAPE, PUE and PAE of the fwo wheat cultivars {Table 5-a). The N x §
interaction affected significantly the PUE of the twu cultivars (5-b) finally the
P x S interaction affected significantly the PUE and PAE of the two wheat
cultivars (Table 5-c). ]

It is evident from Table (5-a) that all the P efficiency attributes were
decreased with the increase in P level but with higher magnitude at the high
than at the low N level. These decreases could be attributed to the
diminishing increase in total P uptake with each P increment (Table 4-a).

It is evident from Table (5-b) that the PUE was maximized in the two wheat
cuitivars when P was given as ' at sowing and ¥: one month later at the two
N levels. However, PUE was significantly decreased when the leve] of N was
Increased in Gemmiza 9 and was at par in Sakha 93. The decrease of PUE
due to the increase of N level could be attributed to the high P uptake {Table
4-b).
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Table (5): Phosphorus physiological efficiency, P agrophysiological efficiency, P utilization efficiency and
P agronomic efficiency of the two wheat cultivars as affected by N levels and spiitting of different
levels of phosphorus in combined analysis.

Phorphorus physiological

Phosphorus agrophysiological

Phosphorus utilization

Phosphetus agronaomic

efficiency
Muin offests and interagtions effiolency (kg'kg P} (PPE) efficiancy (kg/kg P) (PAPE) {ke/kg P) (PUE) efficlency (kKgikg P} {PAE)}
Combined Combined Combined Combined
Siakha 93 Gemmiza & Sakha 83 Gommiza 9 Sakha 93 Gemmiza 9 Sakha 93 Gammiza 9
Nitregen jevals effect : (N
50 kg Nifd 146.4 1654 105.8 104.4 3329 47.49 23.82 30,09
100 kg N/ad 12r.4 1316 108.3 $8.8 35.15 43.26 29.58 31.83
F. taxt MN.5 * NS N.5 N.S N - N.S
hosphorus levels siect : (P
CGheck - - . - . . - -
20 ki P.Og/fad 162.9a 17108 1286 a 1213 a 4719 6267 a l6.64 2 4350 a
40 kg P,0pffad 133.0 b 477 h 104.1 b 986 b 3097 b 4212 b 24390 28,22 b
60 kg P,Opfad 1145¢ 126.7 ¢ 88.5¢c 850 ¢ 2480¢c 3IM3c 19.02¢ 2116 ¢c
F. test - " L - " - e N "
Maximum rssponss 56.659 Linear 4710 4080 22.80 3313 11.28 14,22
Maximum X 825 B6.5 788 63.3 721 6.6 §7.2
Phosphorus splitfing affect : {8)
5, (at sowing) 148.5 b 188.0a 1166 b M7 b 3468b 46.41Db 27260 3M.16b
&z (% at sawing + % one monith later} 0.3 ¢ 101.2b 68.7c 6760 41514 64.30a 3M.6ka 3688 a
8, {¥ at sowing + ¥ two months tater) 1716 a 176.2a 1388 a 1268 a 2647 ¢ 3542¢ 2116 ¢ 26.05¢
F. test bt - - b b - - b
Interaction sfiect ;
NxP NS - P - - " - -
Nx§ NS NS N.S NS * - N.S N.S
SxP N.S N.& N.§ NS - - " -
Cultjvar. reng
Sakha 93 136.8 t07.0 34,22 26.69
Gemmiza 9 148.5 1016 4537 30.96
T. test N.S N.S N.§ N.S
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Table {5-a)

efficiency as affecte

dby NxP

: Phosphorus physiclogical efficiency, agrophysiological, utilization efficiency and agronomic
d by N x P interaction, as well as, response eguations {combined).

P leveis P,0q4fad} Response equation
N fevel kgNifad - 2 ﬁ...{...‘!._i_.i... - sponse equayl Yrmax Kmax
Phosphorus EhySIOIng:El eﬂ"ciency
emmiza 9
A A B
50 - 173&1 a 1TCIB.1 a 15%0 a 180.8 — 27.15x + 7.050x° -
100 - 1659 a 1253 b 1033 b 165.9 — 49.90 + 9.30 »* . -
Phosphorus agrophysiological
Sakha 93
A A A
50 - 111.6 a 1058.03 BGbB a 1156 - 11,80 x - -
100 - 141.4 2 103.2a 80.3a 141.4 - 4585 x - -
Gemmiza 9
A A A
50 - 19533 a 107;4 a ss‘.:s a 112.2 - 45.25x + 4.450 »* - -
100 - 13342 89.9 4 133.4 - 57.0x + 13.50 ¥* - N
Phosphorussutlilizatlgn efficlency
A B c .
50 - 4248 b 30.32 a 25.(4:7 a 42.49 - 15.13x + 3.56 x* - -
A
100 - 51.90 & 3.02a 2252b 51,90 - 27.07x + 6,19 x* - -
R 5 Gemmiza 9
50 . 63.32 a 44.§9 a 34.(3:8 a £3.32 - 23.84x - 4.81 x* - -
A
100 - 62.02 & 39.95b 2778 b 62.04 - 27 14x + 5.1 x* - .
Phosphorus agronomic efficiency
Sakha 93
A B c
50 - zs.go b 22.;5 b 19.%0 a 29.60 - 3.45x + 2.20 x° - -
100 - 43682 26.44a 18.55 a 43,68 ~21.92x - 4.68 x* - .
Gemmiza 9
A B
50 - 35.‘4\7 b 28.&3 a 2z.gs a 39.48 - 14.28x + 2.94 x° - .
100 - 47.54 a 28.32a 19.65 a 47.55 = 24.51 x - 5.28 x° - -
- Not predicted
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Table (5-b): Phosphorus utilization efficiency of the two wheat cultivars as affected by N x S interaction

{combined),
N level kgN/fag Spllttlrlg of phosphorus
9 £ — S 5,
Phosphorus utilization efficiency
Sakha 93 )
A c
50 33.73b 41642 24641 b
B A c
100 3583 a 4148 a 28.32a
Gemmiza 9
8 A c
50 47.94 a 57.51 a 37.03a
B A c
100 44.87 b 51.08 b 33.80h

Table (5c): Phosphorus utilization efficiency and phosphorus agronomic efficiency the two wheat cultivar
as affected by 8 x P interaction, as well as, response eguations (combined).

P lavals (kg P.Ouyfad) Rasponas equation
N Isvel kgNiTad = kg Paogta: - Eponas equal) Yonan X
Phosphorys ulilization 8Aieiency
Sakchg 83

A B [
8§, 47.:0 b 31.;6 b z4és b 47.80-2042x + 4.38 X7
& : ss.;1 a 33.;4 a zr.gn a ) 59.71 - 29.63x + 6.86 X*
& 34.08¢ 24.210 2111 ¢ 34.08 - 13.27x + 3.38 X7 . -

A B Gemmiza 9
84 34.:0 b 42.3'2 B 32.; Sa 84.60 - 28,17x +5.98 X* - -
8, 71.:3 a 49.; 7a as.és " 77.99 - 36.52x + 7,70 )¢ . .
&, 4542¢ 4.78¢ 26.06b 45.42 ~ 11.80x -

Phospherus agronomic sfficisncy
Sakha 83

A B c
s, 31:5 b 25';'1'2 o 19.@9 b 37.40 - 16.42x + 3,40 X2 - -
S, 44.:0 a za.;a a zmgr & 44.69 - 20.10x + 4,30 X* . -
8, 2798 ¢ 1927 ¢ 16218 27.98 — 14.86x - 2.83 X* -

A - Gemmiza 8
8, 4386 b za.éa b 21.%1 ab 43.67 ~ 19.70x + 431 X2
s, 53.33a az.;s 2 za.gu a §3.34 - 28.50x + 5.91 X*
8y 1353¢c 138d¢c 1787 b 33.53 - 12.00x +2.11 X’

- Not predicted
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it is evident from Table {5-c) that each P increment caused a significant
decrease in each of PUE and PAE of the two wheat cultivars but with
different magnitudes for the different P splitting treatments. According to the
response equations, this decrease was of higher magnitude when P was
given as ; at sowing and ¥; one month later and in Gemmiza 9 than in Sakha
93. This deferential response was also observed in the total P uptake and
PARE (Table 4-c} and could account for the results obtained herein.

From these results it could be concluded that two of the P fertilization
attributes i.e. the PUE and PAE could be served to express the efficiency of P
recovery and its use in building the total biomass yield and in turn the final
grain yield. The PUE is the product of PPE and PARE and hence expresses
the efficiency of added phosphorus in building the wheat biomass. also, the
PAE, directly, expresses the efficiency of added P in building up the grain
vield. Both of these efficiency attributes were decreased with each P
increment, certainly, due to the diminishing increase of biomass and grain
yields. However, when the P splitting treatments were evaluated, through
these two P efficiency attributes, they ascertained the superiority of the split
addition of P as ¥: at sowing and % one month later as they were maximized
due to this addition.

CONCLUSION

The significant N x P interactions indjcated that addition of P could be
optimized at 40.6 kg P,Os/fad through the increase of N level to 100 instead of
50 kg Nifad where the two nutrients, played compensatory roles in ail growth
and yield attributes. Finally, the S x P interaction indicated the possibility of
minimizing P addition through it’s application as %z at sowing and 'z one
month later. This was ascertained by the high total P uptake and its
agronomic, as well as, utilization efficiency.
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