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ABSTRACT

For optimizing rice grain yield under saline conditions; the current trail has been
performed during 2009 and 2010 seasons at El-Sirw Agriculture Research Station,
Damietta province, Egypt. The main objective of this attempt is to find out the
response of six different rice varieties namely, Sakhal0l, Sakhal02, SakhalO4,
Gizal77, Giza 178 and Egyptian hybrld one (Sk2034H) to various phosphorous rates
i.e. 0,30, 60 and 90 kg P,0Os ha™ under newly reclaimed saline soil. The experiments
were performed in a split plot design with four replications where, rice varieties were
arranged in the main plots and phosphorous rates were occupied the sub plots. The
salinity levels of the experimental site were 8.0 and 7.50 dSm-1in 2009 and 2010
seasons, respectively with clay soil texture. Growth parameters, nitrogen and
phosphorous leaf contents at heading as well as grain yield and yield attributing
characteristics were measured at harvest.

The obtained results could be summarized as following, the tested rice
varieties were significantly differed in their salt tolerance and in their response to
phosphorous rates under saline conditions. Giza 178 and SK2034H hybrid one were
the most salt tolerant varieties.

Phosphorous application significantly improved rice growth parameters (dry
matter, LAl and chlorophyll content). Nitrogen and phosphorous leaf content Were
significantly increased by increasing phosphorous rates up to 90 kg P2Os ha™.
Phosphorous application was found to be effective in enhancing rice grain yield and
all yield attrlbutlng characteristics. Grain yield respond to P appllcatlon up to 90 kg
P,Os ha™*, while most of yield component up to 60 kg P05 ha™

Interestlngly, the high yielding rice varieties in the terms of Giza 178 and
Sk2034H significantly responded to application of phosphorous up to 90 kg P»Os ha™.
In addition, the rest rice varletles were significantly responded to phosphorous
application up to 60 kg P,Os ha™.

So, in case of newly reclaimed saline soil conditions, it could be recommended
to grow Giza 178 and Egyptlan hybrid one rice varieties under the same conditions
with adding 90 kg P2Os ha™.
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INTRODUCTION

Salinity is major noxious environmental factor that poses a major threat
to crop productivity mainly in arid and semi-arid regions of the world (Munns,
2005). Soil salinity causes adverse effects on different physiological
processes which are responsible for reduction of growth of plants (Ashraf,
2004 and Munns et al., 2006).
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So, increasing salt tolerance of crops is necessary to sustain food
production in different saline regions (Pitman and Lauchli, 2002). Among
cereal crops, rice is a major source of food after wheat for more than 2.7
billion people on a daily basis. It is planted on about one-tenth of the earth's
arable land and is the single largest source of food energy to half of
humanity. About 130 million hectares of land where rice is grown and about
30 % contain levels of salt too high to allow normal rice yield (Mishra, 2004).
According to Qayyum and Malik (1988) the reduction in yields of rice, wheat,
cotton and sugarcane cultivated on such moderately salt-affected soils were
68, 64, 59 and 62 %, respectively. Crop performance may adversely be
affected by salinity induced nutritional imbalances (Hu and Schmidhalter,
2005)

Rice occupies a conspicuous position in the predominately agricultural
economy of Egypt thus attention is required to improve its grain yield and
quality. Zayed et al. (2006) recorded varietal difference in growth, grain yield
and its components under saline soil conditions. Gautam (2004) reported that
significantly better growth performance of hybrids than conventional varieties,
particularly in LAI, dry mater (at heading and grain filling) plant height and
panicle length. In addition, Gautam (2004) and Abou Khalifa (2005)
emphasized superiority of rice hybrid over inbred ones in panicles number
plant?, filled grains/panicle, fertility percentage, panicle weight, 1000-grain
weight, harvest index as well as straw and grain yields. On the other hand,
Zayed et al. (2007) and Alam et al. (2009) recognized variation between
inbred rice and hybrid varieties regarding growth, grain yields and its
attributing characteristics under normal and saline soils.

Most of the applied phosphorus (P) becomes unavailable to growing
plants due to alkaline in the northern parts of Egypt. The low availability of P
is caused by its fixation on colloidal complex or formation of insoluble
compounds as carbonate, appetite, hydroxyl appetite and flour appetite. The
efficient use of phosphate fertilizers depends on the crop requirements, rate,
time of application and placement methods. Phosphorus after its absorption
interacts in a complex manner with Zn, Mn, Fe and Cu affecting their mobility
and translocation in the plant system (Warnock, 1970).

Supplementary phosphorus has a role in alleviation of the adverse
effects of high salinity on whole plant biomass for a variety of crop plants
(Kaya et al., 2003). Wilson et al. (1999) stated that phosphorous uptake and
content was decreased as pH value increased beyond 7 and phosphorous
application significantly increased rice grain yield and P tissue content. Panda
et al. (1995) and Heluf and Seyoum (2006) reported that increased dry matter
production including grain yield and vyield attributing characters of rice
(number of panicles per m?, number of spikeletspanicle™, panicle length, dry
matter accumulation, plant height and straw vyield) due to P uptake in
response to external supply P fertilizers.

Ali and Ansari (2006) indicated that under high sodicity, increasing
phosphorous levels significantly increased dry mater, LAI, chlorophyll
content, panicles number, filled grains, panicle weight grain and straw yields
as result of increasing rice salt tolerance and reducing Na uptake. Shah
(2002) and Ehsan et al. (2009) reported that grain yield and its attributing
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characters were significantly increased by phosphorous application and rice
varieties significantly varied in their response to phosphorous fertilizer. Alam
et al. (2009) reported that rice growth parameters, grain yield, straw yield and
harvest index as well as yield attributing characteristics significantly increased
by phosphorous application up to 72 kg P,Os ha®, and beyond this level
these traits started to decrease. Also, they reported that a significant
interaction between rice varieties involving inbreed and hybrid ones and
phosphorous rates regarding grain yield and most of its attributing
characteristics.

The main objective of this attempt is to find out the response of six
contrasting rice varieties (SakhalOl, Sakhal02, SakhalO4, Gizal77, Giza
178 and Egyptian hybrid one) to various phosphorous rates (0, 30, 60 and 90
kg P205 ha-1 ) under newly reclaimed saline soil conditions.

MATERIALS AND METHODS

The field experiments were conducted during 2009 and 2010 rice
seasons at the Research Farm of EI-Sirw Agricultural Research Station,
Damietta, Agricultural Research Center (ARC), Egypt. The treatments
comprised the response of SakhalOl, Sakhal02, Sakhal04, Gizal77, Giza
178 and Egyptian hybrid one (Sk2034H) to four Phosphorous rates namely:
0, 30, 60, and 90 Kg P,0Os hat. The experimental soil was clay and the
chemical analysis is presented in Table (1).

Table (1): Soil chemical analysis of experimental sites.
Available

+1 +1 - -2
w§$§5 pH Na Mg*? K HCo Cl So4 N (%) ppm
meg I P K

2009 8.0 8.40 | 48 31 0.32 8.0 43 23,5 | 0.028 | 12 | 250
2010 7.5 8.25 | 45 29 0.31 6.7 33 25.6 | 0.026 | 11 | 240

Season

The experiment was laid out in split plot design, with four replications,
keeping rice varieties in the main plots and phosphorous levels in the sub-
plots. Seedling (30 days old) of rice varieties were transplanted in 20 x 20 cm
with three seedlings hill’™ on May, 30. Whereas, the sowing was done on
April, 30. Nitrogen fertilizer were imposed in 4 equal doses at 15 days after
transplanting (DAT), mid-tillering, panicle initiation and late booting stages
associated with each variety as recommended under saline soil. All plots
were given 57 kg K,O ha™ as basal application. Phosphorous was applied
according to the treatments as basal application during land preparation. The
plot area was 10 m? (5 x 2 m).

At 50% heading, ten hills from each sub plot were taken to estimate the
dry mater and leaf area index (LAI). Chlorophyll content was recorded using
chlorophyll meter 5 SPAD-502 Minolta Camera Co. Ltd., Japan. The days
from sowing to heading was also estimated. Dried rice leaves of sub-plot
were analyzed for Kjeldahls to assessment of N content in leaf. Phosphorus
content in leaves was also measured according to Yoshida et al. (1976).
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At harvest, plant height was estimated and total number of panicles of
ten hills for each plot was counted to determine the panicles number m™?. Ten
main panicles from each sub-plot were packed to the laboratory to determine
panicle length (cm), number of filled and unfilled grains panicle L panicle
weight and 1000-grain weight. The plants of the six inner rows of each sub-
plot were harvested, dried, threshed and then grains and biological yields
were determined and adjusted to 14 % moisture content as well as converted
into t ha™

The data of each season were imposed to the statistical analysis of
variance and differences among treatments means of the studied traits were
judged by LSD at P < 0.05% level of significance according to Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

1- Growth parameters:

Data in Table 2 showed that varietal differences detected in the
growth of the tested rice varieties involving hybrid and inbred ones in both
seasons.

Table 2: Dry matter, LAl and chlorophyll content (SPAD value) of rice
varieties as affected by P rate during 2009 and 2010 seasons.

traits Dry matter (m) LAI CTS;?S:IW Days to heading
Treatment 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010
Varieties (V):

Sakha 101 591.25 | 585.92 | £17 | v | evay | evx2 | vead | Ve
Sakha 102 539.9Y | 540.83 | Y.¥3 | v.vg | £.a1 | ravr | are | a0
Sakha 104 616.2% | 619.74 | 2 | Y2 | .42 | ©y..2 [ vy [y
Giza 177 510.89 | 513.24 | YYA | Y3 | £.34 | £v.66 | 933 | av3
Giza 178 800.39 | 792.03 | ¢AY | £90 | fo.4% | gr7v [ aa. | aaa
SK2034H 843.91 | 91071 | ©¥3 | o54 | f£.¥ | 467 | a9y [ V..
LSD 0.05 V4,41 Y494 +. Yo +.Y3 Y.\ 9 AIEAY AIR3 Yy
P Kg P,0s ha™ (P):

0 57957 | eAYy4 | ¥xaA | vag | v x7 | gevy [ veen [
30 623.19 | 1¥Y.13 y.a¢ Y.v8 iY.6 £Y.60 44y 4.4
60 671.00 | 13y, Y7 ¢ 40 £.36 AR Y. 70 44 ¢ 9.y
90 727.994 | YYo 02 .64 ¢ 57 LY AY £Y. 79 44y aAY
LSD 0.05 1633 | V.34 | 24 | «xo | 07 | 150 oy oy
Interaction V x P NS ** *x ** ** *x NS NS

** = highly significant at 0.01 levels and NS= not significant

It seems that Sk2034H surpassed the other investigated varieties
regarding dry matter production and leaf area index (LAI) while, Giza 178
(elite salt tolerant rice variety) came in the second order followed by Sakha
104. Giza 177 followed by Sakha 102 (salt sensitive variety) had the
minimum values of dry mater and LAI. Sakha 101 and Sakha 104 could be
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considered as intermediate salt tolerant varieties, while, Sakha 102 and Giza
177 more sensitive, however, SK2034H and Giza 178 more salt tolerant
ones. The tested rice varieties significantly differed in their chlorophyll content
(Table 2). Giza 178 gave the highest values of chlorophyll without any
significant differences with those produced by hybrid variety (SK2034H).

On the other hand, Sakhal02 gave the minimum value of chlorophyll
content without any significant differences with those recorded by both Giza
177 and Sakha 104 in both seasons. High dry matter production of SK2034H
hybrid rice variety with largest leaf area and high chlorophyll content might be
mainly contributed its high heterosis and its affinity for salt tolerance and that
was fact with rice inbred variety of Giza 178. On the other side, Giza 177 and
Sakha 102 behaved badly under saline soil because their salt sensitivity and
produced low dry matter production ,low LAl and low leaf chlorophyll content.
The last reason might be reducing photosynthesis giving low dry matter
formation in salt sensitive varieties (Giza 177 and Sakhal02). On the other
hand, SK2034H and Giza 178 were keeping high chlorophyll content in their
tissue providing high photosynthesis under saline soil leading to high dry
matter production with optimum LAI. High seedling vigor and good growth
with optimum dry matter and LAl are associated with salt tolerance and
higher grain yield for hybrid or inbred variety under saline soil. Concerning
days to heading, as shown in Table 2 the investigated rice varieties
significantly varied in their days to heading in both seasons. Sakha 101
recorded the longest period up to heading followed by Sakha 104 without any
significant differences in aforementioned characters. Meanwhile, Sakhal02
showed the shortest period followed by Gizal77 without any significant
differences between each other, while, Giza 178 and hybrid one ranked
between in this aspect. Similar data have been reported by Gautam (2004),
Abou Khalifa (2005), Zayed et al. (2006) and Zayed et a.l (2007).

Phosphorous treatments significantly influenced the growth parameters
(dry matter, LAl and chlorophyll content) of rice in both seasons (Table 2).
Dry matter production m* significantly increased as phosphorous application
increased up to 90 kg P,Os ha™* and there was a progressive improvement on
growth of rice. Interestingly, LAl and chlorophyll content were (I,)radually
increased by increasing phosphorous levels up to 90 kg P,Os ha™ without
any significant differences with those produced by 60 kg P,Os5 ha™. On the
other side, the control treatment (none of P application) gave the lowest
values of abovementioned traits. This could be attributed to low available of
P status of soil and ion imbalance under saline soil. Furthermore, P
application could ameliorate the undesirable effect of salts where, it
encourage extensive root growth, large leaf area, more dry matter production
and considerable net photosynthesis. The data in Table 2 observed that
increasing P level up to 90 kg ha™ significantly accelerated heading. The
period needed to heading was significantly decreased by increasing P levels
compared to control treatment, where, application P fertilizer shortened the
vegetative growth period. Similar findings were reported by Ali and Ansari
(2006) and Alam et al. (2009).
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The interaction between rice varieties and P rates had significant effect
on dry matter production during first season, however, LAl and chlorophyll
content were affected significantly in both seasons (Table 3). With respect to
dry matter production, data showed that both Sakha 104 and SK2034H
significantly responded to P application up to 90 kg P,Os ha™ Wh|Ie the rest
of tested varieties were significantly responded to 60 kg P,0s ha™. By the
way, the combination of SK2034H and 90 kg P,Os ha™ gave the h|ghest
values of dry matter, while the combination of Giza 177 and 0 kg P,Os ha™
gave the lowest dry matter production. As for LAI, in both seasons, onI%/
SK2034H significantly responded to P application up to 90 kg P205 ha™,
while, the rest varieties significantly responded to 60 kg P,Os ha™. LAl of
Giza 177 started to decreased beyond the level of 60 kg P,Os ha that was
due to its sensitivity for both salt and zinc deficiency in which increasing P
rate up to 90 kg P,Os ha™ might be induced more zinc unavailability under
such conditions because the antagonism phenomena between P and Zn. In
both seasons, chlorophyll content had the same trend of LAI under. Little
reduct|0n in chlorophyll content in Giza 177 and Sakhal04 with 90 kg P,Osg
ha™ rather than obtained by 60 kg P,Osg ha'. Generally, the best combination
was obtained when SK2034H recelved 90 kg P,Os ha' and the worst one
was Giza 177 with 0 kg P,Osg ha™. Alam et al. (2009) came to similar results.

Table 3: Dry matter, LAl and chlorophyll content (SPAD value) as
influenced by the interaction between rice varieties and P
rate during 2009 and 2010 seasons.

-1
Varieties ‘I?.rates Kg P20s hZO -
[~ [Sakhal01 ovv .. oVY Y'Y Noees YT YT
't |sakhal02 EA 510 v\ TN TPy
EOSakhalO4 YR oAt YT TYAYY 144 ¢
£ 3|(Gizal77 £01 41 LAAN o0to Y4 o0tA 0
ENGizaNB 199, vou. vy A£Q. Y AT4.Y .
> |SK2034H vio0. ATAYY ag9 vy y.0q ¥
O |LSD0.05 YV.AL
Varieties 2009 2010
. Y. 60 a. . v 60 3.
Sakhal01 3.27 4.16 4.43 4.80 2.86 3.30 3.73 4.06
Sakhal02 2.70 3.10 3.60 3.90 2.70 3.10 3.50 3.70
_ | Sakhal04 3.46 4.06 5.39 5.40 2.93 3.90 4.36 4.48
3 Gizal77 2.40 2.73 3.14 2.83 2.30 2.70 3.16 2.80
Gizal78 3.97 4.43 5.39 5.46 3.90 4.35 5.66 5.83
SK2034H 4.43 5.11 5.60 6.16 4.36 5.23 6.06 6.50
LSD 0.05 0.34 0.44
Sakhal01 4223 | 42.83 | 43.73 | 43.68 | 42.46 43.00 | 43.93 43.46
=, |SakhalO2 39.76 | 40.73 | 41.80 | 41.33 | 38.53 | 39.13 | 40.73 | 40.53
g_'qc: Sakhal04 39.96 | 41.00 | 41.44 | 40.86 39.80 | 41.23 | 42.00 | 41.03
o= Gizal77 39.02 39.80 | 42.85 | 42.07 39.73 40.26 | 43.30 | 4253
o 8 Gizal78 4480 | 45.10 | 46.55 | 47.53 | 4151 42.03 | 46.95 47.99
6 SK2034H 41.80 | 42.78 | 44.08 | 47.43 | 4256 | 43.96 | 45.30 | 47.23
LSD 0.05 1.39 1.67
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2- N and P leaf contents at heading:

Data listed in Table 4 revealed that the tested rice varieties had significant
variation in their N and P contents in both seasons of study. SK2034H
showed its significant superiority and gave the highest values of N and P
contents followed by Sakha 104 for N leaf content and Giza 178 for P leaf
content at heading. The lowest values of N and P leaf contents were
recorded by Giza 177 followed by Sakha 102. Sakha 101 intermediated both
sensitive varieties and salt tolerant ones. The results confirmed that salt
tolerant varieties (Giza 178) and hybrid one (SK2034H) with high heterosis
behaved better regarding its ability to uptake more N and P under stress
conditions rather than sensitive ones (Giza 177 and Sakha 102). Zayed et al.
(2006), Zayed et al. (2007) and Alam et al. (2009) indicated similar results.

Table 4: Leaf N and P (%) of rice varieties as affected by P rate during
2009 and 2010 seasons.

Traits N (%) P (%)
Treatment 2009 2010 2009 2010
\Varieties

Sakha 101 Y or Y.52 AV CVAY
Sakha 102 AR Y.4Y Ty VY
Sakha 104 Y. Y.A0 AV AV
Giza 177 Y.¥Y Y.¢1 ot Ve
Giza 178 Y. Y.ve AR SRR
SK2034H Y.79 Y.94 AR +.YY4
LSDO0.05 ‘N2 A Y Y
P Kg P,0s ha™ (P):

0 Y Y.Y6 YA CEY
30 Y.0) Y.ov AV v
60 Y.e8 Y71 AR DARA
90 Y.VA Y. AQ AR CYYA
LSD.0.05 RN v04 N et
Interaction V x P *k * ** o

** = highly significant at 0.01 levels and NS= not significant

For P application effect on N and P leaf content, it was found that
increasing P rate up to 90 kg P,Osg ha™ significantly boosted up N and P leaf
contents (Table 4). The highest values of both N and P leaf contents at
heading were significant exhibited by 90 kg P,Os ha™, in both seasons. On
contrary, none of P application gave the lowest values of N and P leaf
contents. It was obviously that P application improved nutrients availability
including P and N elements. Calcium super phosphate, as source for P,
under current trail contain 40 % gypsum that might improved chemical and
physical soil prosperities resulting in reducing Na™, pH and increasing
nutrient availability. In addition, P application might be suppressed CI"* uptake
and minimized its toxicity. The current results had same similarity with those
reported by Wilson et al. (1999), Ali and Ansari (2006) and Alam et a.l.
(2009).

The interaction between studied factors had significant effect on N and
P leaf contents in both seasons (Table 5). Nitrogen and P leaf contents of all
tested varieties were significantly responded to P application up to 90 kg
P,Os ha™. The best combination was obtained by SK2034H with 90 kg P,Os
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ha™. However, the lowest values were obtained by Giza 177 with zero kg
P,Os ha™. The results are in conformity with the findings of (Alam et al.,
2009).

Table (5): Nitrogen and P leaf content as influenced by the interaction
between rice varieties and P rate during 2009 and 2010

seasons.
2009 I 2010
Varieties P rates Kg P,Os ha™

. v, 60 . . Y. 60 a.
Sakhal01 2.40 2.57 2.44 2.71 2.10 2.3 2.50 2.71
Sakhal02 2.06 2.31 2.40 2.68 2.35 2.55 2.75 2.81
g Sakhal04 2.46 2.63 2.74 2.80 2.45 2.59 2.81 2.85
< |Gizal77 1.96 2.29 2.37 2.46 2.08 2.41 2.48 2.69
Z |Gizal78 2.32 2.59 2.69 2.83 2.44 2.71 2.81 2.98
SK2034H 2.46 2.66 2.80 3.00 2.76 2.80 2.93 3.26

LSDO0.05 0.16 0.19
Sakhal01 0.116 0.155 0.206 0.220 0.125 0.212 0.212 0.218
Sakhal02 0.129 0.164 0.177 0.180 0.131 0.206 0.206 0.214
9 Sakhal04 0.134 0.171 0.185 0.208 | 0.125 0.172 0.179 0.206
< |Gizal77 0.890 0.151 0.174 0.212 0.124 0.159 0.200 0.213
0 |Gizal78 0.165 0.179 0.195 0.220 0.166 0.181 0.196 0.221
SK2034H 0.194 0.207 0.221 0.259 | 0.185 0.211 0.222 0.300

LSDO0.05 0.023 0.027

3- Grain yield and its attributing characteristics:

Data documented in Table 6 clarified that the tested varieties greatly
varied in their grain yield and its attributing traits i.e. plant height, panicle
numbers, panicle length, number of filled grains, unfilled grains panicle * and
1000—grain weight in both seasons. The shortest plants were produced by
Giaz177, meanwhile, the tallest plants were recorded by Sakhal04 followed
by SK2034H without any significant differences between each other. The
hybrid variety Sk2034H showed its superiority over inbred ones and gave the
highest values of panicles number hill™, panicle length, and number of filled
grains panicle‘l. However, Giza 177 gave the highest unfilled grains followed
by Sakha 102, while Giza 178 recorded the lowest values of unfilled grains
that prove its relevance to saline soil. Moreover, Giza 178 gave the lowest
values of 1000- grain weight because high number of filled grains panicle™. In
both seasons, the lowest values of panicle numbers hill* were produced by
Giza 177 followed by Sakhal02. In 2010 season, Sakha 102 and Giza
177and Giza 178, Sakhal04 and Sakahl01 in 2009 season were
comparable regarding panicles number. The longest panicle was recorded by
SK2034H followed by Giza 178, while, the shortest one was recorded by
Sakha 102 and Giza 177 in both seasons.

The tested varieties significantly showed big variation in their filled
grain panicle"l, where SK2034H (hybrid) recorded the maximum values
followed by Giza 178 (inbred). However, the minimum values of filled grains
panicle'1 were recorded by Giza 177. Furthermore, Sakah101 and Sakha 104
were at the same level of significance for filled grains panicle™, in the first
season.
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The lowest values of unfilled grains panicle™ were recorded by Gizal78
followed by Sakal04. While, Giza 177 gave the highest values of unfilled
grains panicle™ followed by Sakhal02. Coming to the 1000- grain weight,
Sakhal02 exerted the heaviest 1000-grain weight while the lightest 1000-grain
weight was produced by Giza 178.Couple rice varieties of Giaz177 and
Sakhal04 in first season and Giza 177 and Sakhal01l in second season were
at the same level of significance in their 2000—grain weight.

The tested rice varieties markedly varied in their grain and biological
yields as well as harvest index in both seasons (Table 6). Sk2034H recorded
higher heterosis in grain and biological yields over others inbred rice varieties
under saline condition. However, SK2034H gave the maximum harvest index in
the first season without any significant differences with Sakha 101 and Giza
178. Meanwhile, in the second season, SakhalO2 and Giza 178 gave the
same and the highest means of harvest index. Giza 177 gave the lowest
values of grain and biological yields as well as harvest index in both seasons.
Based on the current finding, Sk2034H hybrid variety and Gizal78 inbred one
confirm their salinity tolerance followed by SakhalO4. this variation might be
due to genetic makeup and high heterosis of hybrid rice. Similar results were
obtained by Gautam (2004), Abou Khalifa (2005), Zayed et al. (2006), Zayed et
al. (2007), Alam et al. (2009) and Ehsan et al. (2009).

Regarding phosphorous levels impact, data in Table 6 showed that P
treatments had significant and positive impact on grain yield and its attributes
in both seasons except harvest index in 2009 season. Increasing P level up
to 90 kg P,Os ha™ increased plant height, panicle numbers hill™, panicle
length, filled grains panicle'l, and 1000 -grain weight without any significant
differences with 60 kg P,Os ha™ except 1000 grain weight. Generally, 90 kg
P,Os ha™ recorded the highest means of all above-mentioned traits except
filled grains in the first seasons which lightly reduced. In both seasons, zero
phosphorous application recoded the lowest values of grain yield and yield
attributes, while gave maximum value of unfilled grains.

There was a significant increase in grain yield with increasing
phosphorous levels (Table 6). The response of grain yields to P levels was
linear up to 90 kg P,Os ha™. Subsequently, the highest values of grain and
biological yields were produced by 90 kg P,Osg ha™ and the lowest means
were obtained by zero phosphorous. In first season, 60 kg P,Os ha™ failed to
exert any significant increase of harvest index over zero P level, whereas the
response was insignificant. In second season, harvest index was significantly
responded to P up to 60 kg P,Os ha™ without any significant differences with
90 kg P,0s ha™. The rate of 60 kg P,Os ha™ gave the highest means of
harvest index, meanwhile the lowest value were produced by control
treatment. The favorable effect of P might be owing to better N and P uptake
and keeping optimum dry matter partitioning, enhanced synthesis of RNA and
enhanced the efficiency of PSIl photochemistry and ATP compound in rice
plants resulted in high dry production content, high assimilates rate during
pre and post heading (Saleque et al., 2002 and Yang and Sun., 1992 and Xu
et al.,, 2007). In addition P fertilizer might the vigorous growth superficial
roots, increased growth, photosynthesis and its partitioning as well as
delaying leaf senescence under salt stress as increasing nitrogen leaf content
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leading to high yield componets. P supplementary might be alleviated the
adverse effects of salinity on whole plant biomass for a variety of rice plants
(Kaya et al.,, 2003). These findings are in a good accordance with those
reported by Wilson et al. (1999), Shah, (2002), Ali and Ansari (2006) Ehsan
et al., (2009) and Alam et al (2009).

The interaction between rice varieties and P levels had a significant
effect on panicles number hill™, panicle length, filled grains panicle, unfilled
grains panicle, and 1000-grain weight (Table 7) as well as grain and
biological yields (Figs. 1 and 2). Regarding panicles number all cultivars
significantly responded to P application up to 60 Kg P,Os ha™, wherever,
some cultivars showed little bed decrease in their panicles number under
high P rate of 90 Kg P,0s ha' as Giza 177. SakhalO4 responded
significantly only to 30 kg P,Os ha™. The rates of 30, 60 and 90 Kg P,Os ha™
were at par regarding panicles number of Giza 178. The combination of
Sk2034H and 90 kg P,Os ha™ gave the maximum values of panicles number
hill'* without any significant differences with those produced by the same
variety under 60 kg P,0Os5 ha™.

The combination of Sk2034H and 90 kg P,Os ha® gave the longest
panicle in both seasons. Data in Table 7 showed that the combination of
SK2034H and 90 kg P,0s ha gave the maximum means of filled grains
panicle™ without any significant differences with the same variety under 60 kg
P,0Os ha® and Giza 178 under the same level of P in the second season.
Most of rice cultivars except Giza 178 and SK2034H significantly responded
to P application up to 60 kg P,Os ha™ regarding filled grains panicle'l'
However, Giza 177 and Sakhal02 showed some reduction under high rate of
90 kg P,Os ha™. With respect to unfilled grains panicle'l, the results clarified
same trend of pervious mentioned traits. Continuously, the combination of
SK2034H and 90 kg P,Os hat gave the lowest means of unfilled grains
panicle™ without any significant differences with the same variety under 60 kg
P,Os ha™ and with Sakha101 and Sakha102 under the same level of P, in the
second season. High P level was failed to decrease the number of filled
grains with some rice cultivar whereas, the number of unfilled qrains of Giza
177 started to decrease beyond the level of 60 kg P,Os ha™. The lowest
values of panicles number hill, filled grains panicle'1 and the shortest panicle
were obtained when Giza 177 was grown under zero phosphorous
application. On the other hand, the same combinations (Giza 177 with zero
P) gave the maximum unfilled grains panicle"l. Results documented in Table
7 indicated that the combination of Sakhal02 and 90 kg P,Os ha™ gave the
heaviest 1000-grain weight without any significant differences with the same
variety under 60 kg P,Os ha™. While, the lightest 1000-grains weight was
recorded when Giza 178 was received zero phosphorous. The results came
to confirm the superiority of the P rate of 60 and 90 kgP,0Os ha™ with most
cultivar and most traits. The current results are in a good accordance with
those reported by Alam et al. (2009).

The combination of Sk2034H and 90 kg P,Os ha™ gave the maximum
values of grain and biological yields (Table8).The lowest values of grain and
biological yields were obtained when Giza 177 was grown under none of P
application. Most of tested cultivars significantly responded to P application
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up to 60 Kg P,Os ha™ regarding grain and biological yields, however, some
cultivars showed decrease in their grain and biological yields such as
Gizal77 and Sakha 102 under 90 Kg P,Os ha™ in second season. These
current findings are similar to those reported by Alam et al. (2009).

Table 7: Number of panicles, panicle Iength, number of filled grains
panicle™, unfilled grains panicle™ and 1000 grain weight as
influenced by the interaction between rice varieties and P rate

during 2009 and 2010 seasons.

2009 [ 2010

Varieties P rates Kg P,Os ha™

. Y. 60 [ . Y. 60 4.

SakhalOl| 12.43 | 13.66 | 14.66 | 15.00 | 12.76 | 13.96 | 15.16 | 15.40
Sakhal02| 10.90 | 12.20 | 14.20 | 14.76 | 10.00 | 11.60 | 12.36 | 13.50
Sakhal0O4| 13.23 | 14.10 | 15.16 | 15.13 | 12.90 | 14.86 | 15.30 | 15.23
Gizal77 9.69 12.43 | 13.60 | 13.10 9.78 10.81 | 11.53 | 10.90
Gizal78 1453 | 14.66 | 1581 | 16.23 | 13.33 | 14.53 | 15.30 | 15.46
SK2034H | 15.58 | 16.65 | 17.78 | 18.36 | 15.56 | 16.63 | 17.96 | 19.23

LSD 0.05 1.20 1.50

SakhalOl| 18.50 | 19.06 | 20.33 | 19.80 | 18.23 | 19.06 | 19.76 | 19.16
Sakhal02| 17.73 | 18.13 | 19.34 | 19.43 | 17.83 | 18.83 | 19.56 | 19.30

Panicles
number

o2 E SakhalO4| 19.38 | 19.50 | 19.80 | 19.88 | 18.53 | 19.43 | 19.48 | 19.30
E ?c: Gizal77 16.63 | 17.97 | 18.91 | 19.55 | 16.03 | 18.33 | 19.33 | 18.40
S @ |Gizal78 19.42 | 20.00 | 21.26 | 21.41 | 19.23 | 19.28 | 20.06 | 21.06

9 |SK2034H | 19.75 | 20.96 | 22.46 | 23.57 | 19.38 | 20.55 | 21.16 | 23.00

LSD 0.05 1.00 0.58

SakhalOl| 113.0 | 122.0 | 132.3 | 134.6 | 116.7 | 126.0 | 133.7 | 134.7
Sakhal0O2| 102.0 | 112.3 | 123.0 | 122.0 | 104.0 | 1143 | 123.0 | 122.3
SakhalO4| 120.2 | 1259 | 129.6 | 124.6 | 106.7 | 1155 | 125.2 | 125.4
Gizal77 86.4 92.0 108.8 99.6 78.9 84.4 94.8 91.9
Gizal78 123.1 | 130.7 | 1335 | 135.8 | 129.4 | 136.9 | 152.3 | 155.2
SK2034H | 128.2 | 135.5 | 139.7 | 144.6 | 136.4 | 144.4 | 155.2 | 156.3

LSD 0.05 3.2 4.3
SakhalOl| 24.5 16.7 6.6 4.1 8.3 7.6 55 3.9

No. of filled
grains

= Sakhal02| 21.6 | 16.9 8.6 9.9 120 | 100 7.0 5.0
S |Sakhal04| 114 | 110 | 41 6.2 9.1 7.9 3.2 4.7
oS8 |Giza177 | 275 | 241 | 152 | 155 | 185 9.2 7.3 75
9§ |Gizal78 9.2 6.3 6.3 7.9 5.9 5.2 4.3 4.1
£ 2 |SK2034H | 15.0 | 12.4 75 7.0 12.3 7.0 4.7 3.6
D

LSD 0.05 2.0 2.4

SakhalOl| 24.26 | 24.86 | 25.53 | 25.90 | 23.58 | 24.66 | 24.15 | 23.93
Sakhal02| 25.13 | 25.56 | 26.60 | 26.63 | 24.26 | 24.86 | 25.20 | 25.63

c o~

'® S | Sakhalo4| 23.90 | 24.67 | 25.03 | 24.73 | 23.73 | 23.53 | 23.73 | 24.73
o |Gizal77 2416 | 24.30 | 2486 | 2480 | 23.01 | 24.71 | 25.89 | 25.50
§ -% Gizal78 17.80 | 18.60 | 19.55 | 22.68 | 18.00 | 19.50 | 20.60 | 20.26
= 3 |SK2034H | 22.06 | 22.32 | 23.10 | 23.30 | 19.73 | 21.09 | 21.46 | 22.48

LSD 0.05 0.90 1.20
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Table8: Grain and biological yield t ha' of rice as affected by the
interaction between rice varieties and P rate during 2009 and
2010 seasons

2009 | 2010
Varieties P rates Kg P,Os ha™
. v 60 . . Y. 60 .
Sakhal01 3.36 3.97 4.27 4.20 3.52 3.8 4.43 4.61
o [Sakhal02 2.88 3.31 3.52 3.19 3.37 4.13 4.50 4.32
.°_>" Sakhal04 3.48 4.08 4.39 4,51 3.62 4.14 4.50 4.73
- |Gizal77 2.76 3.12 3.58 3.04 2.70 3.08 3.47 3.24
‘T |Gizal78 4.04 4.36 4,51 5.16 3.96 4.49 5.39 6.05
O |SK2034H 4.66 5.08 5.47 6.00 4.39 4.68 5.69 6.70
LSDO0.05 0.44 0.36
© [SakhalOl 7.44 8.76 9.39 9.62 9.11 9.76 10.50 10.84
.q_; Sakhal02 6.5 7.48 8.47 8.68 7.99 9.30 9.58 10.80
= Sakhal04 7.84 9.47 10.14 10.67 9.47 10.73 11.34 10.98
© |Gizal77 6.24 7.03 8.20 8.32 7.44 8.10 9.13 9.04
® |Gizal178 9.76 10.09 | 10.32 | 10.72 9.59 11.03 | 11.40 | 12.90
© [SK2034H 10.52 10.99 11.76 12.48 | 12.17 12.86 13.50 13.90
0 |LSD0.05 0.53 0.72
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Table 6: Grain yield and its attributing characteristics of rice varieties as affected P rate

during 2009 and 2010

seasons.

Plant height an’?collegfhill' Panicle No. of filled No. of 1000-grain | Grain yield | Biological HI
Treatment (cm) P 1 length (cm) grains unfilled (9) (t/ha) yield (t/ha)

2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010
Varieties (V):
Sakha 101 A | Ao A [vae [ vex3] 19.4 | 19.1 Yoo [ WYY A Y | ey | Yoy | yex | vas | £ | AAY [Veve | ovgo | w g
Sakha 102 q0) | VA [Vr.2]v1.90] 18.3 | 189 [ e8| vvoa | vex | Aov | Y e | Yoo | Y XY | oA | vvA | aEA | vgY | vy
Sakha 104 39,0 | 934 [V£.£1(V€.08] 19.4 | 19.2 [VYBY. [ VAY ] AY | 1N | YET | YA | 412 | 425 | A0 | VAV Y e
Giza 177 VY| AYE V160 (V)26 18.3 | 17.8 || A7 | AV.e YA |24V Yée | YEA | YAY | YOV | 745 | 843 | +.£Y | .YV
Giza 178 Yy | Ate (Ve 06| Ve Ae] 205 | 19.9 [V30.6 | Vev.e| v.e | £ AT | vayv [ Yae | 452 | 498 [[Ve.xY [Vvave | g5 | v t4
SK2034H T LAY [WVA0 | YV.Ye || 21,7 | 21.0 [OYTYL [ VEAN | YT | 1Ay YV | YAY | oy | 538 [11.44(13.08| .46 | -.£)
LSD 0.05 Y1 ¢ | YA Y3Y | 06 | 04 | YO ¥t YA | edee| at R (RS SRR ST I & 2 IS A N
P Kg P,0s ha™ (P):
0 ) | A7.0 [VY.60]12.97] 18.6 | 18.2 [112.2 v Y.« | YA2 | vy [ yYa [ vy | vow | v | Ao | awy | vge | v
30 Y.V | ABAL VY40 | AYVA] 19.2 | 19.3 [V19.7 [ VY. Y | VYEY | VA | YY.3 | YYY | YO8 | 4.06 | 8.98 |10.21 || +.¢4 | +.&»
60 | 9V E Ve YT | VEY | 20.4 | 19.7 [NYT.8 [TV AN o | YEL1 | YY.2 | 430 | 4.67 | 9.67 [10.97| +.£5 | -.£Y
920 vy | 9y | Yeev | Ve 4y | 205 | 20.0 [126.9] ).+ | 8. ¢A | Y7 | 240 | o0 | g8 | 4% [yyeef g1 | . ey
LSD 0.05 VY YA | 2] vV 04 | 02 YA V.4 © A Voo <4 .0 dA L +20 | +.22 | +.B53 | NS Y
Interactlon V X P NS NS *% *k *% *k *% *k *% *k *%k *k *% *% *% *% NS NS

** = highly significant at 0.01 levels and NS= not significant
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