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ABSTRACT: Two fleld experiments were conducted in sandy soil in
Khattara farm, Sharkia, during two seasons (98/1999 — 99/2000) to find out the
response of four wheat cultivars (Sakha 8 - Sids 1 — Sids 7 — Giza 164) to
three N fertllization levels (60, 90 and 120 kg N/fad) at two P levels (0 and 23
kg P,Os/fad).

Results indicated the superiority of Giza 164 foliowed by Sakha 8 in grain
filling rate and superiority of Sids 7 and Giza 164 in the effective grain filling
period. In both seasons, Giza 164 recorded the highest graln straw and total
yields / fad due to its superiority In the number of splkes/m* and number and
weight of grains per spike. This cultivar was afforded befter inter and intra
row plant competitions than elther Sids 1 or Sids7.

Each N increment or the addition of P had a significant effect on the grain
filling rate. This was also true regarding grain yield/fad and all of its
components, but the grain filiing period was not affected svgmf'cantly
Addition of P increased the efficiency of added N where grain yleld and ali of
its components could be maximized with lower N levels when P was added.
Yield could be maximized to 13.4 and 15.8 ardab/fad due to addition of 134
and 113 kg Nffad in the two seasons, respectively. This yield could be
optimized to 13.1 and 15.5 ardab/fad due to additions of 108 and 83 kg N/fad
giving total profits of 1094 and 1386 L. Effad in the two seasons, respectively.
Key words: Phosphorus, Nitrogen, Fertilization, Cuitlvars, Wheat .

INTRODUCTION
in the last decade of the 20" era, a number of high yieiding wheat

cultivars were released where most of them had longer spikes, but,
unfortunately they had a lower tillering capacity than the old ones. These
cultivars did not express their high yield potentiality in the vailey due to their
low rust resistance and, also , outside the valiey due to other yield limiting
factors other than rust mfectlon The use of different wheat cultivars of
different spike characteristics under different N and P levels, might help in
defining tho se factors which cell grain yield potentiality under sandy soll
conditions where the soll is of a very poor fertlllty fevel and in particular from
nitrogen and phosphorus.
, Several workers reported significant varietal differences In yleld attributes

and yieid potentiality among different Egyptian wheat cultivars (Essa, 1990 ;
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El-Sayed ot al., 1992; El-Kalla et al., 1994 ; Kassem and Nasr, 1995 ; Makhioof,
1996 ; El-Douby, 1997 ; Hassanien ef al., 1997 ; Aly, 1998 ; Ei-Karamity, 1998 ;
Mahfouz and Gabour, 1998 ;. Mowafy, 1999 ; Abdul Galil et al., 2000 and
Awaad , 2001).

Regarding the response of wheat to N fertilization under sandy soil
conditions, several authors reported significant increase in yieid of wheat
. due to the increase of N level up to 90 kg/fad (Moselhy, 1995 and Abdel -
Messeih and Abdel-Nour 1999). However , others got similar response when
they added 100 kg N/had (El-Bana and Aly, 1993 ; Attia and Aly , 1998 and
Hassan and Gaballah, 2000). Moreover, Abo- Warda (1993) reported that grain
yield of wheat responded to N addition of 120 kg N/fad Furthermore, Fayed
(1992) and Soliman (2000) got similar response, but, to N additions of 120
and 180 kg N/fad., respectively.

Concerning the response of wheat to addition of P fertilizer , some
authors reported significant increase In yield of wheat due to the increase of
P level up to 16 kg P,0s/fad (Abd El-Haleem, 1994). Other authers reported
that wheat responded to more additions of P reaching 31.0 kg P,0s/fad (EI-
Nagar et al, 1989) and 46.0 kg P,0O; (Aly, 1998; Attia and Aly, 1989 ; and El-
Bana, 2000). However, Abdel - Raouf ef a/., (1988) found that wheat did not
respond to P application of 31.0 kg P,0/fad. '

The present study therefore aimed to study the effect of phosphorus
addition on the response of four wheat cultivars to N fertilization level under
sandy soil conditions. :

MATERIALS AND METHODS

This study was carried out during two growing seasons (1998/1999 and
1999/2000) under sandy soil conditions at Khattara Experimental Station of
the Faculty of Agriculture, Zagazig University. ’

A. Factors under study:
A-1. Wheat cultivars:
Sakha 8, Sids 1, Sids 7 and Giza 164.

A-2. Nitrogen levels:

60 , 90 and 120 kg Niffad were tried as ammonium sulphate (20.5% N)
where 1/5 of each N level was given at sowing. The remainder amounts were
~ given in five equal splits in 14 - days by interval from 10 days after sowing.

A-3. Phosphorus levels: :

A dose of 23 kg P,0Os/fad was given as superphosphate (15% P,0;) at
sowing in comparison with a check (without P fertilization).

A basal dose of potassium sulphate at a rate of 24.0 kg K,O/fad was given
also at sowling in the first season, but was added in two equal splits (at
sowir:dg and at freading) in the second season. Wheat cultivars were sown in
the 3™ week of November in the two seasons and harvested in the first week
- of May In the first season, and in the last week of April in the second season,
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except Giza 164 which was harvested in the first week of May. Fiood
irrigation was scheduled at one week by interval during winter. This interval
was shortened to 4 or 5 days with the beginning of spring where irrigation
was withheld two weeks before harvest. A fixed seeding rate of 400 seeds per
m’ was used from all cultivars under study. Wheat followed follow preceded,
‘also, by wheat. The soii was sandy with a pH average of 7.6 and organic
matter content of 0.14%. The average contents of available N, P and K in the
upper 20 cm of soil depth were 8.7, 2.2 and §9.5 ppm,, respectlvely )

B- Experimental design:

A split plot design of 4 replications was used where wheat cultivars
occupied the main plots and the six combinations of N and P levels were
aliotted to the sub — plots. Each sub-plot included 20 rows of 3 m long and 15
cm apart. '

C- Recorded data:

C-1. Grain filling rate and effective grain filling penod
Ten days post anthesis, seven samples of 100-grain weight were taken

from five main spikes at one week by interval up to harvest. After oven drying
at 70°C, for a constant weight, the grain filling rate per day per 1000 grain
(GFR) and the effective grain filling period (EGFP) were calculated with the
use of orthogonal polynomial Tables according to Snedecor and Cochran
(1967). The grain fiiling rate and period were calculated as follows:
C-1.a. Grain filling rate (GFR):
. The linear component of the grain weight increase from the start of grain

filiing up to grain maturity was calculated as it measures the constant rate of
grain filling (mg/day/1000 grains).

2-1-b. Effective grain filling period (EGFP):

The effective grain filling period was calculated with heip of the following

equation according to AbdulGalil ef al., (1997):
EGFP = G = U ”:w' (Days)

Where G,; and G, are the 100- grain weights of the seventh (final) and
first grain samples, respectively. GFR is the grain filling rate (mg/day/1000
grains).

C-2. Grain and straw yields and their attributes:

From a length of 30 cm, which was labeled after seedling emergence in a

bordered row, the following data were recorded:

1- Piant height (cm) 2. Number of spikes/m’
3. Spike iength (cm) 4. Number of spikelets/spike
5. Number of grains/spike 6. Number of grains/spikelet

7. Thousand grain weight (gm) 8. Grain weight / spike (gm)
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The ten central rows were harvested where the following data were
recorded:
2-9. Grain yield / fad (ardab / fad) 2-10. Straw yield/fad (ton/fad)
2-11. Total yield / fad (ton / fad) 2-12. Harvest index (%)

D. Statistical analysis:

Data were statistically analyzed according to Snedecor and Cochran
{1967), using duncan muitiple range test for comparison among treatments
" averages. In interaction Tables, capltal and small letters were used for
comparisons among rows and columns averages, respectively.

D-1 Response to N fertilization and total profit:

The present study seeks to find out the differential response of the four
wheat cultivars to nitrogen fertilization and , as well, this response at the two
phosphorus levels. For significant cultivar response to N increments and the
significant N x P interactions, the response equations were calculated
according to Snedecor and Cochran (1967), using the orthogonal polynomial
Tables. The significancy of the linear and quadratic components of each of
these equations was tested and hence the response could be described as
linear (first order) or quadratic (second order). The predicted maximums
(Ymax) and optimums (Y.) of grain yleld, as well as, the predicted maximum
(Xmax) and optimum (X,.) N levels were calculated according to Sukhatme
(1941), as follows: .

bZ

Ymax —-Y +4—c Y"P’ "’Y +b(Xopt) C( pl)
b
(K )=+ X, op«)‘ +X

The expected profit which could be obtamed due to the addition of the
first N level under study (60 kg N/fad) was calculated as follows: .
Proy=p (Yo) - 29
Also, the expected profit which could be obtained due to the increase of N
level to the optimum one (X,;) was calculated with the help of the following
equation:
Prg =plc(Xom ] (Sukhatume, 1941).
where: )
Y, = Grain yield at the lowest N level i.e. 60 kg N/fad (ardab/fad).
b = Measures the linear component of the response equation.
¢ = Measures the quadratic component of the response equation
r=qlp
q- Cost of N unit i.e. 30 kg Nffad = 60 L.E

p= Price of a unit yield (ardab) = 100 L.E
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For all characters under study the predicted maximum averages which
could have been obtained if the N level was increased to a certain maximum
i.e Xnax Were aiso calculated in order to define the yield limiting components.

Accordingly, the total profit was calculated through summation of Pr,, to
Pr;. It is worth to note down here that in caiculation of these profits, the
other spent costs for the other agronomic practices or any other related
expenses were not taken in consideration as it was not under the intgrest of
this study. However, the total profit obtained through the aforementioned
. calculations still gives an enough indication to the expected gain from
addition of nitrogen fertilizer in presence and absence of P fertilization
keeping in mind that all the other costs and expenses were the same for the
all treatments under study.

RESULTS AND DISCUSSION
1- Grain filling rate and period and some yield attributes:

Table (1) shows grain filling rate (GFR) and effective grain filling period
(EGFP) as well as, plant height, number of spikes/m® , spike iength and
number of spikelets/spike for the four wheat cultivars as affected by N and P
levels and their interactions in the two seasons.

1- a. Cultivar differences: .

It is evident from Table (1) that the four wheat cultivars varied significantly
regarding GFR, EGFP, plant height , number of spikes/m?, spike length and
number of spikelets/spike in the two seasons. Regarding GFR and EGFP,
Giza 164 had the highest averages with at par GFR average with Sakha 8 and
at par EGFP average with Sids 7 in the first season.

Regarding plant height and number of spikes /m’ differences were also
significant, where Sids 7 had the tallest plants in both seasons with at par
average with Giza 164 in the first season. However, Giza 164 followed by
Sakha 8 had higher number of spikes/m® than either Sids 1 or sids 7in the
two seasons.

Regarding spike iength and the number of spikelets/spike, Sids 7 cv had
longer spikes with greater number of spikelets/ spike than Sakha 8, Sids 1
and Giza 164 which had as long splkes with as much spikelets/spike as the
former cultivar In the first season. .

in the literature, several workers reported significant cultivar differences
regarding GFR and EGFP (Aly and El-Bana, 1994 ; Aly, 1998 ; Mowafy, 1999
and Awaad, 2001), plant height {El-Douby, 1997 ; Aiy, 1998 and Ei-Karamity,
1998), number of spikes/m® (Hassanien et al., 1997 and AbdulGalil et al.,
2000), spike length (Essa, 1990 ; El-Kalla et al., 1994 and Kassem and Nasr,
1995) and number of spikelets/spike (Aly, 1998 and El-Karamity , 1998).

1-b. Nitrogen level effect: )
In both seasons, each increase of N level up to 120 kg N/fad reflected
significant increase in each of GFR, plant height, number of spikes /m?, spike




Table (1) : Grain filling rate (GFR), effective grain filling period (EGFP) and some yield attributes of the four wheat

cultivars as affected by N and P levels and their interactions in the two seasons.

( _ m g/gaF%ooo- 'EGFP _ Plant height Spikes/m? Spike length  Spikelets/spkie
Main effects and Y (day) {cm) (No}) {cm) {No)
interactions . grain) [— R . . .
First Second First Second First Second First Second First Second First Second
season )N Season Season Season Season Season season Season season season season
Cultivar effect: (C)
Sakha 8 890.54a 900.62b 34.51c 34.54b 73.14c 74.39c 430.25b 434.67a 7.90c 8.03¢c 14.18b 1445¢c
Sids 1 844.87b 855.79¢c 34.72bc 34.35b 77.93b 78.55b 327.37d 336.79c¢ 9.00b 9.11b 16.29a 16.61b
Sids 7 849.91b 898.08b 34.97a 34.52b 78.80a 80.24a 342.79c 350.16b 9.31a 9.27a 16.56a 17.90a
Giza 164 894.91a 914.95a 34.82ab 34.95a 78.82a 78.55h 442.00a 435.00a 9.10ab 9.17b 16.09a 16.50b
F. test - * - L] *h i -k L] ) ok ek A
Nitrogen level effect: (N) )
60 kg Nffad 833.75¢ 840.34c 34.71 34.58 74.57c 75.34c 357.18c 358.93c 8.17c 8.24c 13.86¢ 14.53¢c
90 kg N/fad 870.87b 896.93b 34.78 34.58 78.06b 78.85b 394.18b 400.71b 9.02b 9.09b 16.42b 16.95b
120 kg N/fad 905.25a 939.81a 3477 3460 78.88a 79.61a 405.43a 407.84a 9.29a 9.36a 17.06a 17.62a
F. test - L] N-s N.s ook i L1 el o fe i ek
Phosphorus level effect: (P) :
Check 815.18b 817.85b 34.73 34.60 74.52b 75.06b 349.16b 355.50b 7.95b 7.94b 13.62b 14.16b
23 kg P,0g/fad 924.72a 966.87a 3479 34.58 79.82a 80.81a 422.04a 422.83a 9.70a 9.85a 17.94a 18.57a
F' test . - ~ N.S N.S ek ke e ey i i ek ok
Interaction effects:
CXN N.S N.S N.S N.S * N.S N.S N.S * bl N.S
CXP N.S N.S N.S N.S * * N.S * bl * * -
NXP * N.S N.S N.S b > ** > . * * *

*,** and N.S indicate significant at 0.05, 0.01 and insignificant, respectivety.

weyas "W pue Ajemoy ‘3y's ‘eyseg 'l ‘nesinpqy vy
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length and the number of spikelets /spike. However, the EGFP was not
significantly affected by the increase of N level.

These data clearly indicate that N was badly needed by wheat plants to
increase their elongation and tillering. This favourable effect was reflected in
more elongation by wheat spike and hence a significant increase in the
number of spikelets/spike. The data further indicate that grain growth was
also favoured by the increase of N level as expressed in higher GFR without
significant effect on EGFP. The increase of GFR refers to a long acting effect
of N on grain growth and strengthen the view that it had a favourable effect
of leaf area and its duration since both are the main contributing factors of
post-anthesis assimilates for grain filling in wheat (Gallagher et al., 1976).
Certainly the role of N in internode elongation is extensively reported in the
literature (Milthrope and Moorby , 1979). Also , N was found to be
indispensable for tillering of wheat as expressed herein in a significant
increase in the number of spikes / m®. This indicates that the increase of N
level up to 120 kg N/fad, kept the produced tillers against death and hence
mortality (Rawson and Donald, 1969).

It is worth to note down here that most of the increase of either plant
height or the number of spikes/m* was due to the addition of the first N
increment i.e. the increase of N level up to 90 Kg N/fad. The further N
increment produced a significant increase but of lower magnitude, indicating
that the response of the aforementioned characters to the increase of N level
was diminishing. This subject will be discussed in details when presenting
the interactions.

1-C. Phosphorus level effect:

It is quite clear from Table (1) that addltlon of P increased each of GFR,
plant height, number of spikes/m?, spike length and number of
spikelets/spike, but was without significant effect of EGFP, in both seasons.
The soil of the experimental sites was very poor in available P level (Less
" than 3 ppm) and hence the response of the aforementioned characters to
added P was rather expected. Certainly this addition increased root
extension rate through an increase in root multiplicate rate (Milthrope and
Moorhy, 1979). The improved root growth enabled wheat plants to seek more
available plant nutrients and soil moisture. Therefore, most of the improved
wheat growth observed in Table (1) could be ascribed to more use of N rather
than phosphorus. Certainly, the role of P in enhancing the activity of nitrate
reductase and hence the more efficient use of added N cannot be denied or
neglected in this respect (Mengel, 1973).

1-d. Interaction effect:

Data in Table (1) clearly indicate that there was significant cultivar
response to the increase N level in plant height (in the two seasons) , spike
length (2™ season) and number of spikelets/spike (1% season). A significant
cultivar response to addition of P was observed in plant height (in the two
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seasons), number of spikes/m® (2™ season) as well as spike length and
number of spikelets/spike (in the two seasons). However, there was no
significant cultivar response to the increase of N level on the number of
spikes/m? indicating that the four wheat cultivars were in an almost similar
need for N to maximize this number.

Data in Table (1-a) regarding the CxN interaction on plant height, clearly
indicate that each N increase of N level was followed by a significant
increase but with different magnitudes in the four wheat cultivars. This
differential response is expressed in the response equations of plant height
to the increase of N level where the response was quadratic but with different
linear and quadratic constants. It was clear that with about 114 kg N/fad in
the first season and 112 kg N/fad in the second season Giza 164 couild reach
higher plant height (80 cm) than sakha 8 ( 75 cm). )

Table (1-a) : Plant height (cm) as affected by C x N interaction, as well as,

response equations and predicted maximum plant height

{Ymax) and N level (Xpay) in the two seasons. ‘
N levels (kg Nifad) 4 Yomax X max

Cultivars| ¢, 90 10 Y marbx-ox' O o Nifad)
First season
c B A

Sakha 8 |70.43(c) 74.05(c) 74.93(b) 70.43+4.99x-1.37x* 74.97 1146
Sids 1 74.53(1:) 79.(?1(1:) 79.:6(a) 74.93+5.71x-1.62x* 79.96 112.8
Sids 7 76.«::6(;) 79.5§(a5) 80.;\8(a) 76.45+4.22x-1.13x* 80.39 116.1
Giza 164 76.4c7(a) 79.(?3(a) 80.;\5(a) 76.47+4,38x-1.22x* 80.40  114.0

Second season
C B A
Sakha 8 |171.86(c) 75.32(c) 75.98(c) 71.87+4.86x-1.40X° 76.09 112.2
C B A
Sid§1 75.98(b) 79.40(b) 80.27(b) 75.99+4.71x-1.28x*> 80.32 115.2
C B A

Sids 7 |77.28(a) 81.26(a) 82.17(a) 77.28+5.53x-1.54x° 82.24 114.0
Cc 8 A

Giza 164]76.22(b) 79.41(a) 80.02(b) 76.22+4.48x-1.29x* 80.11  112.2

Regarding the CxP interaction on the number of spikes/m’ (Table 1-b) it
was clear that Sakha 8 showed higher response than the other cvs in the 2"
season. Since this cuitivar had the shortest plants, it had higher chance for
more tillering due to its lower apical dominance (Friend, 1965).




. Effect of phosphorus addition on the response of four wheat .........

Table (1-b) : Number of splkeslm as affected by C x P interaction in the
second season.

. P levels (kg onglfad’) Percentage increase
Cultivars 0 23 (%)
B A
Sakha 8 392.57(a) 477.50(a) 21.6
B A
Sids 1 307.58(c) 366.00(c) 19.0
B A - ’
Sids 7 325.08(b) 375.25(b) 154
B A
Giza 164 396.83(a) 472.50(a) 19.1

The most interesting significant interaction was the NxP one which
affected all the characters presented in Table (1) except GFR and EGFP.
Table (1 -c) indicate the effect of this interaction on plant height , number of
spikes/m?, spike length and number of splkeletslspnke where the interaction
was significance in both seasons.

It is quite clear from Table (1-c) that the increase of N level at both P
levels, was followed by a significant increase in all tabulated characters, but
. with different magnitudes. The response equations, clearly, show that the
response to the increase of N level was qudratic when P was added whereas
its was linear or quadratic when P was not added. In both cases, the linear -
component of these equations, indicated higher response to the increase of
N level when P was added compared to the check P level. It is evident that
about 110 kg Nifad were quite enough to maximize plant height to more than
80 cm and spike length to more than 10 cm, number of spikes/m® to about
440 and number of spikelets to 13 when P was added compared with 120,
183, 142 and 123 kg N/fad needed to maximize height to 76 cm, spike length
" to 9cm, number of spikes/m? to 375 and number of spikelet /spike to 15 , in
respective order when P was not added. These data clearly indicate that
added P increased the efficiency of added N. This as aforementioned could
be attributed to the direct and indirect roles of P on wheat growth and
development. The role of P on root multipiication and extension had greater
contribution than its direct role in synthesis of ATP and activation of nitrate
reductase in this respect.
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Table (1-c):Plant height,number of spikeslmz, spike Jength and number of
spikelets/spike as affected by NxP interaction, as well as, response equations
and predicted maximum (Y max) and N level (X max) in the two seasons.

Phosphorus N levels (kg N/fad) v b 2 y X max
levels =a+bx-cx max
(kg P2Os/fad) 60 90 120 ‘ (kg Ni/fad)
Ptant height
First season
0 c B A ' )
. 71.96(b) 75.25(b) 76.36(b) 71.96+4.38x-1.09x*  76.36  120.0
C B A »
23 77.19(a) 80.87(a) 81.40(a) 77.19+5.27x-1.58x* 84.61  110.1
Second season
0 Cc B . A 5
73.20(b) 75.50(b) 76.47(b) 73.20+2.98x-0.67x 76.51 126.6
C B A
s 77.48(a) 82.20(a) 82.75(a) 77.49+6.82x-2.09x* 83.05  108.9
Number of spikes /m?
First season
0 C B A
322.50(b) 353.81(b) 371.18(b) 322.50+38.28x-8.97x> 375.06 142.5
C B A
23 391.87(a) 434.56(a) 439.69(a) 391.87+61.49x-18.79x* 442.18  109.2
Second season
0 C B A
326.31(b) 364.31(b) 375.87(b) 326.31+51.22x-13.22x* 37592 118.2
C B A
23 391.56(a) 437.12(a) 439.81(a) 391.57+67.01x-21.44x> 443.93 106.8
Spike length (cm)
First season
0 C B A .
7.37(b) 6.01(b) 8.48(b) 7.37+0.74x-0.09x? 8.89 183.3
C B A -
3 8.97(a) 10.04(a) 10.10(a) 8.97+1.59x-0.51x>  10.20  106.1
Second season
0 C B A 2
7.36(b) 8.02(b) 8.46(b)  7.35+0.78x-0.11x 873  166.4
- C B A
2 9.12(a) 10.18(a) 10.26(a)  9.12+1.55x-0.49x° 10.35 107.4
Number of spikelets/spike
: First season
0 C B A
11.73(b) 14.11(b) 15.03(b) 14.73+3.11x-0.73x* 15.04 123.9
C B A
23 15.99(a) 16.74(a) 19.09(a) 15.99+3.95x-1.20x* 19.24  109.4
Second season
0 Cc B A
12.48(b) 14.50(b) 15.51(b) 12.48+2.54x-0.51x* 15.64 134.7
Cc B A
23 16.58(a) 19.40(a) 19.72(a) 16.58+4.07x-1.26x* 19.89  108.8 |

10
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2- Spike grain weight and its components:

Data in Table (2) show the number of grains/spike, number of
grains/spikelet, 1000-grain weight and grain weight/ spike for the four wheat
cultivars as affected by N and P levels and their interactions in the two
seasons.

2-a. Cultivar differences:

Significant cultivar differences could be detected among the four wheat
cultivars in the number of grains / spike, 1000-grain weight (second season)
and hence grain weight / spike , as well as, the number of grains / spikelet in
both seasons. Regarding the number and weight of grains / spike the four
wheat cultivars could be arranged in descending order ias follows. Giza 164,
Sakha 8, Sids 7 and Sids1. This was almost true regarding the 1000 — grain
weight in the second season but the two Sids cultivars had at par lower
averages than Giza 164 and Sakha 8. An opposite trend was observed
regarding the number of grains / spikelet where the two Sids cultivars had
lower averages than Sakha 8 and Giza 164 in the both seasons.

These data are quite interesting as they ascertain the spike grain
weight superiority of Giza 164 followed by Sakha 8 over the two Sids
cultivars where Sids 7 was relatively better than Sids 1 in this respect. The
data further indicate that grain weight/spike followed exactly the trend of the
number of grains/spike rather than the 1000-grain weight. Also, it was
evident that the increase of grain number / spike was not on the expense of
1000—grain welght. Moreover, the decrease observed herain in the number of
grains / spikelet of Giza 164 was compensated by the increase of the number
of spikelets / spike by this cultivar. This was not true with the two Sids cvs,
which had the lightest grain weight / splke though they had larger number of
spikelets / splke but with fewer grains / spikelet. This mdicate that the two
Sids cvs, suffered from more intensive inter and intra spikelet, competitions
"and hence had fewer number of grains / spikelet with liighter 1000 ~ grain
weight (2nd season) than either Sakha 8 or Giza 164. Thaugh the latter wheat
cultivar had as long spikes with as much spikelets / spike: as the two Sids cvs
it had as much grain number / spikelet as Sakha 8 which had the shortest
spikes with the fewest number of spikelets/spike.

According to these data, Giza 164 had higher floral fertility and lower
shortfall percentage than the two Sids cultivars. In this respect, Rawson and
Evans (1971) reported differences In floral fertility of a number of wheat
cultivars due to differences in the tolerance of distal florets to the Inhibition
effect induced by grain set of the lower florets along rachilla. Also, Peterman
et al., (1985) reported significant differences in shortfall percentage among
ten winter wheat cvs due to differences in plant height where semi ~ dwarf
cvs had lower shortfall than long old types ones due to more availability of
photosynthates for the formers than for the latters.

it could be conciuded that the two Sids cvs, with their longer plants and
spikes might had have suffered from shortage of phatosynthates which
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Table (2) : Spike grain weighf and its components of the four wheat cuitivars as affected by N and P levels and their
interactions in the two seasons.

Thousand grain weight

Number of - A . ) . |
Main effects and interactions , g train slssspik o . Number of grainsslsplk:let » (gm) ) ) Grain welghtls:nke (g;n)
irs econ " econ . econ . econ
. season season First season season First season season First season season
Cuitivar effect: (C)
Sakha 8 33.64b 34.83b 2.37a 2.41a 40.56 4112b 1.40b- 1.43b
Sids 1 31.62d 32.78d 1.94¢ 1.97¢ 40.33 40.10¢ 1.33d 1.38d
Sids 7 32.50¢c 34.10¢ "1.96¢c 1.91¢ 40.81 41.05b 1.38¢ 1.41c
Giza 164 36.03a 36.90a 2.24b 2.24b 41.00 42.00a 1.49a 1.46a
F. test e -k M * " N.s L o i
Nitrogen level effect: (N) .
60 kg N/fad 32.00c 32.58¢ 2.31a 2.24a 39.56¢ 39.55¢ 1.28¢c 132¢c
90 kg N/fad 33.81b 35.28b 2.06b 2,08b 40.97b 41.58b 1.43b 1.44b
120 kg N/fad 34.54a 36.08a 2.03¢c 2.05¢c 41.52a 42.07a 1.492 1.50a
F' test " i * - L1 - i el
Phosphorus level effect: (P) . .
Check 31.21b 31.99b 2.34a 2.29a 38.66b 39.32b 1.23b 1.29b
23 kg P;0O4/fad 35.68a 37.30a 2.02b 2.01b 42.70a 42.82a 1.56a 1.55a
F' test e - * w L1 ok L Ll
interaction effects:
CXN * N.S * * N.S N.S * N.S
C x P - - L] - L] N.s - N.s
{ N x P L] » » * L] N.s L] *

* ** and N.S indicate significant at 0.05, 0.01 and insignificant, respectively.
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could have been more partitioned to internode elongation and hence were
less available for grain set / spikelet. Several workers reported significant
varietal differences in yield attributes (Essa 1990 ; El-Karamity, 1998 and
Mowafy, 1999).

2- b. Nitrogen level effect:

In both seasons, each increase of N level was followed by a significant
increase in the number and weight of grains / spike as well as the 1000 -
grain weight. On the other hand the number of grains / spikelet was
significantly decreased.

The increase of grain weight / spike due to the increase of N level could be
attributed to the increase of both grain number / splke and 1000 - grain
weight. Similar resuits were reported by Abo-Warda (1993), El-Bana and Aly
(1993) and Aly and El- Bana (1994) when they increased N level to wheat up
to 120 , 100 and 80 kg N/fad under sandy soil conditions. However the
decrease of grain number / spikelet due to the increase of N level could be
attributed to a more inter and Intra — spikelet competitions caused by the
significant increase of spikelet number / spike (Table 1). '

2- C. Phosphorus level effect :

In both seasons, addition of P increased each of grain number and weight
" | spike, 1000 - grain weight but decreased the number of grains / spikelet
(Table 2). Similar effect was observed due to addition of N and the same
discussion could be served to account for the trend observed herein due to
addition of P. Under sandy soil conditions, Aly (1998) and E!-Bana {2000) got
similar results due to additions of P up to higher levels of 46.0 and 45.0 kg
P.Os/ fad, respectively.
2-d. Interaction effect:

Significant cultivar response was observed to the increase of N level and
" to the addition of P regarding the number of grains / spike and per spikelet as
well as 1000 — grain weight and grain weight/ spike, but no particular trend
could be detected in any of these characters in the two seasons. However,
the NXP interaction affected these characters with clear trends in the two
seasons. This Interaction indicated that with the addition of P, lower N levels
were needed to maximize either the grain number or weight / spike and the
1000 - grain weight (Table 2-a). Also when P was added all these responses
were quadratic whereas it was linear in some cases when P was not added.
Similar results were observed in plant height, spike length, number of
spikelets/spike and number of spikes / mZ. It is interesting to note down here,
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Table (2-a) : Number of grains/spike, grain weight/spike and thousand grain
weight as affected by N x P interaction, as weil as, response
equations and predicted maximum (Y ...) and N ievel (X ;) in

the two seasons.
Phosphorus N levels (kg N/fad) v bx-od |y X rmax
levels =a+bx-c max
(kg P;Osfa d) 60 J 90 I 120 (kg N/fad)
Number of grains/spike
i First season
0 Cc B A v
30.34(b) 31.18(b) 32.13(b) 30.34+0.90x - -
23 ¢ B A 2
33.66(a) 36.43(a) 36.95(a) 33.66+3.91x-1.13x* 37.03 1119
Second season
0 (o] B A
30.15(b) 32.28(b) 33.53(b) 30.1 5+2.57x-0.44x* 3573 147.6
(o] 8 A
23 35.01(a) 38.27(a) 38.63(a) 35.01+44.71x-1.45x 38.83 108.7
Grain weight/spike (gm)
First season
0 Cc B A
1.14(b) 1.24(b) 1.32(b)  1.14+0.11x-0.01x* 1.44 2250
c B A
3 1.43(a) 1.62(a) 1.65(a) 1.42+0.27x-0.08x* 1.65 1106
Second season “
0 Cc B A
1.18(b) 1.28(b) 1.38(b) 1.18+0.10x - -
23 c 8 A 2
1.46(a) 1.58(a) 1.62(a) 1.46+0.16x-0.04x“ 1.62 120.4
Thousand grain weight (gm) .
First season
0 Cc B A :
37.90(b) 38.85(b) 39.24(b) 37.09+0.67x - -
c B A
23 41.22(a) 43.08(a) 43.81(a) 41.22+2.44x-0.57x* 43.83 124.2

that the rate of decrease in the number of grains / spikelet due to the
increase of N level to the P fertlilized plants was much higher than that
observed in the P unfertilized ones. This could be attributed to the higher
rates of increase observed in splke length and the number of spikelet / spike
due to the increase of N level in the formers than in the latters (Table 1-c).

3- Grain, Straw and totai yields / fad and harvest index.

3-a. Cultivar differences:

Regarding grain yield/fad, Giza 164 outyielded all the tested cuiltivars
except Sakha 8 in the first season whereas Sids 7 outyielded Sids 1 in the
second season but both had at par averages in the first one (Table 3).
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Table (3) : Grain yield, straw yield and total yieid per fad. and harvest index of the four wheat cultivars as affected by N

and P levels and their interactions in the two seasons.

Grain yield Straw yield Totat yield Harvest index
. . . (ardab/fad) (ton/fad) (tonffad) (%)
Main effects and interactions First Second First Second First Second First Second
season season _ season season season season season season
Cuttivar effect: {C) . .
Sakha 8 11.23ab 13.91b 3.41a 2.96b 6.10a 5.05b 3292 . 41.09
Sids 1 10.73b 12.40d 3.10b 2.77¢c 4.71¢ 4.65d 34.10 40.13
Sids 7 10.92b - 13.13¢ 3.20b 2.79%¢ 4.84b 4.81¢c 33.76 40.76
Giza 164 11.81a 14.31a 3.35a 3.09a 513a 5.23a 34,63 40.77
F. test > - * * * . N.S N.S
Nitrogen level effect: (N)
60 kg N/fad 10.29¢c 12.58¢c 3.07b 2.76b 461c 4.66¢c 33.47b 40.22b
90 kg Nifad 11.35b 13.58b 3.36a 2.94a 5.07b 5.01b 33.62b 40.44b
120 kg Nffad 11.95a ~ 14.22a 3.37a 3.00a 5.16a 5.13a 34.46a 41.3%a
F. test ok N * * * * * *
Phosphorus level effect: (P) .
" Check ' 10.00b 11.48b 3.05b 2.88b 4.55b 4.63b 33.03b 37.13b
23 kg P20s/fad 12.39a 15.44a 3.48a 291a 5.34a 5.24a 34.67a 44.24a
F' test wh L] * » * * * =
Interaction effects: _
CXN N.S N.S N.S * * N.S N.S
CXP N.S N.S * N.S " * N.S NS
NXP * . NS Ny . . N.S o

* *and N.S indicate significant at 0.05, 0.01 and insignificant, respectively.
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Regarding straw yield/fad, Giza 164 produced the highest average followed
by Sakha 8 without a significant dlfference in the first season whereas the
two Sids cvs produced at par the lowest yields in the two seasons. Therefore,
Giza 164 and Sakha 8 produced at par higher total yields / fad, than Sids 7 or
Sids 1 which produced the lowest average. However, no significant
differences could be detected among the four wheat cultivars regarding
" harvest index in both seasons. The superiority of Giza 164 cv in grain and
straw yields/fad could be attributed to its superiority in all yield attributes
(Tables 1 and 2). In the literature, several authors reported significant
differences among wheat cvs in grain yield / fad, (El-Sayed ef al., 1992 ;
Hassanien ef a/., 1997 and Mahfouz and Ghabour, 1998), Straw yield/fad (El-
Douby, 1997 ; Hassanien ef al.,, 1997 and AbduiGalil et a/., 2000) and hence
the total yield/fad. Whereas these data disagreed with those reported by
Makhloof (1996) as they reported significant cultivar differences in harvest
index.

3-b. Nitrogen leve] effect:

in the two seasons, each N increment up to 120 kg N/fad secured a
significant increase in each of grain and total yields / fad. However, the
second N increment , failed to yield a further significant increase in straw
yleld / fad. Therefore, harvest index was significantly increased when the
level of N was increased from 90 to 120 kg N/fad. '

Under sandy soil conditions, several authors reported significant increase
in grain yield of wheat due to the increase of N level up to 90 kg N/ fad
(Moselhy, 1995 and Abdel —~ Messeih and Abdel-Nour, 1999). However, others
got simllar response when they added 100 kg N/ fad (El-Bana and Aly, 1993
and Hassan and Gaballah, 2000) whereas, Abo — Warda (1993) reported that
grain yield responded to N additions of 120 kg N/fad. Moreover Fayed (1992),
Bassiouny et al, (1993) and Soliman (2000) found that straw yield / fad
responded to addition of 120, 150 and 180 kg N/fad respectively.
Furthermore, Attia and Aly (1998) reported that the increase of N level was
followed by as significant increase in harvest index.

3- ¢. Phosphorus level effect: :
in both seasons , addition of phosphorus produced a significant increase
in each of grain yield / fad, straw yield / fad , total yield and harvest index.

. Similar effect was observed in ali grain yield components (Tables 1 and 2).
Under sandy soil conditions, Attia and Aly (1998) , Aly (1998) and El-Bana (2000)
reported significant increase in grain and straw yields of wheat due to addition of
31.0 kg P04/ fad.

3-d. Interaction effect:

No significant cuitivar response to the increase of N level could be
detected regarding grain yield / fad, indicating that the four wheat cvs were in
an almost similar need for the increase of N level up to 120 kg N /fad.
However, a significant cultivar response to the increase of N level could be
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detected in the total yield / fad. It is evident from table (3-a) that the response
was almost quadratic but of different magnitudes where Giza 164 was in need
for more N (121.4 and 120.0 kg N/fad in the two seasons, respectively) to
maximize its total yield than the rest of the tested cultivars.

Table (3-a) : Total yield (ton/fad) as affected by C x N interaction, as well as,
response equations and predicted maximum total yield (Ymyax)
and N level (Xn) in the two seasons.

. N levels (kg N/fad) — Y max | X max
Cultivars | g5 ""gg" | qz0 | Y =avbx-ox’ | e | (kg Niad) |
First season

Sakha8 |, C B A 2

481(a) 5.20(a) 5.29(a) 4.81+0.54x-0.15x 5.30 114.0
Sids 1 c B A 2

4.28(c) 4.89(c) 4.97(c) 4.2840.89x-0.27x 5.01 109.4
sidgs7 |, C 8 A 2

4.48(b) 4.98(b) 5.06(b) 4.48+0.71x-0.21x 5.08 1107
Giza 164 |, .C - A :

4.87(a) 5.20(a) 532(a) 4.87+0.45x-0.11x 5.33 121.4 -

Second season

Sakhas |, B A A 2

475(b) 517(a) 5.23(b) 4.75+0.60x-0.18x 5.25 110.0
Sids 1 8 A AL 2 :

433(d) 4.75(b) 4.86(d) 4.33+0.59x-0.16x 486 1153
sigs7 | C B A :

4.57(c) 4.82(b) 5.03(c) 4.57+0.23x ] .
Giza16s | B A A 2 '

5.00(a) 5.30(a) 540(a) 5.00+0.40x-0.10x 5.40 120.0

Also, the CxP interaction affected total yield / fad in the two seasons
{Table 3-b) , where Sids 1 was more responsive to added P than the other
cvs. Regarding the effect of NxP interaction on grain yield/fad, the response
was different between the two seasons and between the two p levels. In the
first season, the response was quadratic at the two P level, but a higher N
level of 180 kg N/fad was needed to maximize yield to 11.06 ardab / fad for the
P unfertilized plants compared with 134.1 needed to maximize yield to 13.36
ardabi/fad by the P fertilized ones. In the second season, the response of .
grain yield was linear when P was not added but quadratic when P was
added. it is clear from Table (3-c) that 112.5 kg N/fad were quite enough to
maximize grain yield to 15.8 ardab / fad for the P fertilized plants. Also, a
higher optimum grain yield of 15.51 could be obtained due to addition of 82.5
kg Nifad for the P fertilized plants in the second season compared with an
optimum yield of 13.1 ardab / fad due to addition of 107.6 kg N/fad in the first
one. Therefore, a higher profit (1385.9 LE) was obtamed in the second than in
the first season (1094.3 LE).

A7



A.A. AbdulGalil, H.A. Basha, S.A.E. Mowafy and M.M. Seham

Table (3-b) : Total yield (ton/fad) as affected by C x P interaction in the two

seasons. .
First season Second season
Cultivars P levels Percentage P levels Percentage
(kg P,0sffad) increase (kg P.Osl/fad) increase
0 | 23 (%) 0 | 23 (%)
B A B A
Sakha8 | 4 201) 550a) 170  471(b) 5.38(b) 142
Sids1 | , 2 A B A -
4.29(d) 5.13(c) 19.6 4.30(d) 4.99(c) 16.0
Sids7 |, B A B A
4.42(c) 5.25(b) 18.8 4.54(c) 5.07(c) 1.7
Giza164 | , B A B A
4.80(a) 5.48(a) 14.2 4.96(a) 5.51(a) 1.1

Table (3-c) : Grain yield (ardab/fad) as affected by N x P interaction, as well
as, response equations and predicted maximum and optimum

yields and N levels and the expected profit in the two seasons.

0
[
> = - -~
23 N levels (kg N/fad) S 5 B g i
0y £ 8 E® g8 O~
2Q Y'=atbx-of 8 EZ 38 3 Oul
£0 >P Xp >B xp ST
o < x 4 X ©
8x! g0 90 120 = -~ =
£ .
o
_ First season
0 Cc B A
9.30(b) 10.07(b) 10.62(b) 9.30+0.88x-0.11x> 11.06 180.0 10.24 98.2 827.7
23 cC . B A ‘
11.28(a) 12.62(a) 13.27(a) 11.29+1.68x-0.34x2 13.36 134.1 13.10 107.6 1094.3
Second season
0 C B A )
10.27(b) 11.52(b) 12.65(b) 10.27+1.19x - - - - -
B A A '
23
82.5 1385.9

14.89(a) 15.64(a) 15.78(a) 14.89+1.05x-0.30x*> 15.80 112.5 15.51
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