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ABSTRACT

Two field experiments were conducted at El-Sirw Agricultural
Research station, Damietta Governorate, during 2006 and 2007
summer seasons to find out the proper time and splitting of N
application on source, sink and yield potential of hybrid and
traditional rices. The treatments of nitrogen splitting consisted of
;2/3basal(B)+1/3panicle initiation (PI);1/3B+1/3at tillering stage (T)+
3P 1737+ 1/3 rudtillering (MT)y+ 1/3PI, 13T+ 1/3PI+ 1/3
flowering (), 1/4B+ U/4MT+ V/4PI+ V/4F, 14T+ 1/AMT+ 1/4PI+
1/AF, 1/4B+ 1/4T+ 1/4M7T+ 1/4PI minus 5.0 kg urea sprayed at F
{(2%o0f urea); and weekly application from 15 days after transplanting
(DAT) at the rate of 18kg/ha each time. The tested rice varieties
included three hybrids; SK2025H, SK2058H and SK2047H and one
traditional, i.e., Sakha 104. The most promsing tesults could be
summarized as follows: the bybnid rice varieties had higher variation
in all parameters under study over Sakha 104. The best one was
SK2025H in grain yield without any sigmficant differences with those
produced by other hybrids in the second season, while with only
Sk2047H in the first season. Sk2025H was better in filled grains and
sink capacity, as well as harvest index, SK2047 had higher values of
panicle numbers and panicle weighi. The three tested hyorids did not
significantly vary in the majority of their source parameters.
Furthermore, all nitrogen basal applications were not so favorable
under salinc soil conditions for all varieties under study. Three or four
nitrogen splitting i.e., 1/3T+1/3PI+1/3F for Sakha 104 and Sk2025H
and/or1/4T+1/4MT+1/4PI-1/4F for the 1est of tested hybrids markedly
improved all sources and sink parameters leading to full expression of
high yield potentiality for hybrid rice getting high grain yield in saline
soil. The correlation between source. sink parameters and
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the grain yield showed that most of them significantly were significantly
correlated with grain yield,

INTRODUCTION

To surpass rice productivity ceiling in Egypt, hybrid vigor was
recognized as one reasonable technological option Research trials in
Egypt on yield showed an increase in productivity of hybrids, ranging
from 15 to 20% ( in normal soi} ) and from 20 to 30% in saline soil,
compared to traditional rice varieties. Hybrid rice was available under
farmer conditions in 2005 as a just humble commencement, but poor
agronomic management of hybrid rice is the main limitation to large
scale adoption of hybrid rice. Moreover, rice hybrids need different
nitrogen management strategy from traditional lines to maximize 1ts grain
yield. Peng er al. { 2003 ) stated that nitrogen application in four splirs as
basal + top dressing at mid tillering , panicle initiation and small dose at
flowering stages significantly increased all yield attributes, as well as
grain yield of rice hybrids. Surkha ¢/ al. (1999), Zhang and Shoa (1999},
Hembram ef al. (2001), Balasubramanian (2002), Tao ez «l. (2002) and
Edwin et al. (2004) reported that nitrogen application at basal + active
tillering stage + panicle initiation + at panicle emergence significantly
raised dry matier Jeaf area index, leaf N% percentage, chlorophyll
content, flag leaf characteristics at heading ard markedly enhanced yicld
and yield attributing traits through mmproving grain filling process. Leaf
area index (I.AI}), leaf N % percentage, growth rate at maturity (GRM),
dry matter, flag leaf area and its weight and sink capacity were
signiticantly correlated with grain yield of hybrid rice (Yang ef al. 1999
and Patniak et af 1994). Hence, hybrid rice had a strong ability of
growth; i.e., source parameters and all sink parameters and grain yield
than those of traditional rice (Virmani 2002; Singh 2002 and Gautam,
2004). The peresnt study was mainly aimed to develop the proper
strategy for time and methods of nitrogen application for hybnd rice, as
compared with traditional rice under saline soil .

MATERIAL and METHODS
Two field experiments were conducted at the Farm of El- Sirw
Agricultural Research Station in Dammietta Governorate, Agricultural
Research Center, during 2006 and 2007 summer seasons to study the
performance of hybrid rice varieties grown under nitrogen splitting
application at different growth stages of rice plant under saline soil,
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compared to a pure line variety. The experiments were performed in a
split plot design with four replications. The main plots were devoted to
the four rice varieties; namely, Sakha 104 and the three ~hybrids,
SK2025H, SK2058H and SK2047H. The sub — plots contained eight
times of nitrogen applications, as foliows;

1-2/3 basal (B) +1/3 panicle initiation (P1),

2-1/3B+ 1/3mid tillering (MT)+1/3PL,

3-1/3 at tuilering stage (1) +1/3 at MT+1/3 atP],

4-1/3T + 1/3P1 +1/3 at the beginning of flowering stage (F),

5-1/4B + 1/4MT + 1/4P1 + 1/4F,

6- 1/4T +1/4MT + 1/4P1 + 1/4F,

7-1/4B +1/4T + 1/4MT + 1/4P1 minus 5.0 Kg urea sprayed at F (2%
urea) and

8-weekly application from seven days after transplanting (DAT) (T to F
stage) at the rate of 18 kg N/ha. The used nitrogen level was 180 kg N /ha
in the form of urea for all treatments .In the seventh treatment, 5.0 kg
urea was lifted from the last dose to be sprayed at flowering. Nitrogen
applications, used in this study, were applied according to the
developmental stages mentioned before for every rice variety or hybrid.
The sprayed urea was prepared by dissolving in 250 liters of water and
then sprayed immediately before the sun set The salinity levels of the
¢xperimental sites were 9.5 and 9.00 dSm™ in 2006 and 2007 seasons,
respectively. Thirty-day old seedlings were transplanted at the rate of
three seedlings per hill. The rest of package of recommendations were
applied according to that of the Ministry of Agriculture. Ten days after
last nitrogen application at heading, samples of ten hilis were randmoly
taken from each subplot and transferred into the Lab 1o determine the
following physiological traits: dry matter (g m?, (DM), }cat arca index
(LAD), canopy index ,leaf N percentage, flag leaf area (cm’ and growth
rate at maturity (GRMjaccording to Patniak et al. (1994) . Plant height
{cm) was measured after grain filling .At harvest, ten main panicles were
randomly taken to determine the gram yield attributes; i.e., panicle length
{cm), panicles numbers (my® filled grains panicle, sterility percentage,
spikletes (m) ( sink capacity), pam'cle density, panicle weight (g) and
1000- grain weight {(g). The grain yield of sm inner rows from each
subplot was determined and conveted into ¢ ‘ha’! . Harvest index also was
estimated .The correlation between all studied traits and the grain yield
was computed. The obtained data were siatistically analyzed and the
means were compared according to Gomez apc}l Gomez (1984).
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RESULTS AND DISCUSSION

1-Growth parameters :
1-a. Rice variety performance :

The three tested hyvbrid iice varieties obviously surpassed the
traditionai one (Table 1). The hybrid ones had high heterosis in dry
matter production, LAl canopy index, leaf N% at heading, and flag leaf
area and growth rate at maturity. The tested rice vaiieties did not differ in
their LAIL (in 2007) and chlorophyll content in both seasons. It was
observed that Sk2025H hybrid recorded the highest values of dry matter
gra,” while, Sk2047H showed the largest leaf area index, the highest
values of canopy index and flag leaf arca, in the first season, without
significant differences with those obtained by Sk2025H .As for leaf N
perecentage at heading, SK2025H registered the maximum mean, but the
three hybrids did not differ significantly 1n this trait in the first season.
Regarding to the growth ratc at maturity, Sk2058t was superior over the
other varictics in both seasons. Sakha 104 rice variety gave the lowest
values of all aforementioned traits in both seasons (Tablel). The three
tested hybrid rice varieties exceeded Sakha 104 rice in salinity
withstanding, although Sakha 104 rice is well known as a salt- tolerant
one. The ability of the three tested hybrids to withstand salinity,
compared to Sakha 104, might be mainly atiributed to their higher
variation in early growth patterns, their fast rccovery ability after
transplanting, nutricnts uptake, such as potassium and nitrogen, and
elevated growth rate at maturity. Generally, it was observed that the
three tested hybrids had a pronounced high seedling vigor that enabled
them to be mure salt-tolerant during vegetative growth stages and ability
to produce more pre-heading assimilates; le., stored dry matter at
heading. Thereby. hybrid rice could be recommended under saline soil
conditions. Leaf nitrogen at heading is much needed for higher grain
yield. With respect to heading date, it was detected that the four tested
varieties markedly ditfered in their heading date. The longest period from
sowing to heading was given by SK2047H, while, the shortest period was
resuiicd from SK2058H (Table 2 ) as shown by the dry matter valucs in
2006 scasci. The current findings were similar to the results reported by
Patniak ef al. (1994), Peng e ol (2003), Virmani (2002), Singh (2002)
and Gautam (2004).
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1-b. Time of nitrogen application effect:

Data showed significant effect for times of nitrogen application
on all measured source elements in both seasons (Tables Jand 2). Most of
the treaiments contained basal application in dry saline soil under such
condition failed to get any considerable improvement in rice growth.
Four equal splits of nitrogen application of 1/4T + 1/4MT + 1/4P] + 1/4F
proved its superiority in dry matter, leaf area index, canopy index, leaf N
persentage. chlorophyll content, fiag leaf arca and growth rate at maturity
(GRM). The three equal splits of /3 T +1/3PI + 1/3 F followed such
treatment in its superiority, where, it came in the second order in
improving the growth characters at heading. The maximum values of
aforementioned characteristics were produced by the application of 1/4T
+ 1/4MT + 1/4PI + 1/4F, while the minimum values were obtained when
the splits of 2/3B + 1/3Pi was used, compared with other nitrogen
applications. [t was clear that nitrogen supply for both hybrid and
traditional rice, after transplanting at certain physiological stages up to
the commencement of the flowering stage was more urgent for healthy
giowth and contentment growth parameters ar heading. It was detected
here that nitrogen splitting up to flowering stage of rice had a high ability
to increase its photosynthetic rate, growth rate at maturity and organized
its canopy index, which enhanced high grain yield resulted from stored
assimilates pre-heading. At the same time, three nitrogen splits of 1/3T +
1/3P1 + 1/3F and four equal nitrogen splits of 1/4T + 1/4MT + 1/4P1 +
1/4F significantly raised the leaf chlorophyll and N% content, which
delayed the early senescence of leaves during grain filling period, leading
to a high current photosynthesis and optimum grain filing process.
Another fact, salinity stress enbanced the carly leafl senescence
immediately after heading, thereby, increasing leaf N % at heading that
might tackie this issue.

The present results are in agreement with those published by
Patniak et al (1994), Surekha et @l (1999), Zhang and Shao (1999),
Yang et al. (1999), Hembram er al (2001), Peng e al (2003),
Balasubramanian {2002), Tao er af. 2002 and Edwin ef af. (2004).

1-¢.The interaction effect:

The interaction between rice varieties and times of niirogen
application had sigmficant effect on dry matter only in 2006 season,
canopy index only in 2007 season andileaf N %, flag leaf area and GRM
in both scasons. All tested hybrid rice varieties gave their lightest dry
matter, canopy index. flag leaf area and leaf N% at heading under four



Table (1); Dry mater gm™ (DM) ,leaf area index (LAD,canopy index , leaf N%, chlorophyll centent, flag leaf area and
growth rate at maturity(GRM) of some rice varieties as affected by time of nitrogen application under saline

sotl.
1
DM (gm™) Leafarea Canopy index Leat ™ (%} Chlorophyll | ¥lag leaf area GRM
‘Trais clements index content (Cm®)
2006 2007 2006 | 2007 | 2006 | 2007 | 2006 | 2007 [ 2006 1 2007 | 2606 | Z007 | 2006 | 2007
Varietics: - - - - - - - - - - - . - -
Sakhal04 10156 | 818.60 | 535 | 577 | 1220 ] 13.67 | 2.253 § 2.341 | 4034 § 4025 | 2010 ] 293 4 1044 | 8.:77
Sk2025H TES7.0 ] 95040 | 579 [ 670 | 1528 1 1656 | 2.626 | 2,751 | 43.1% | 42,94 [ 3200 | 3342 | 11.55 | 9.785
Sk2058H 10481 | 94320 | 5.58 | 5.8D | 1449 1 1564 | 2.573 | 2,680 | 40.84 | 4082 | 3126 | 3203 | 11.61 | 20397
SK2047H 1541 | 913,60  6.31 622 116531 1667 | 2.561 | 2,651 | 4109 | 3938 | 3291 ¢ 12583 Y 119l | 8.80!
L.5.D (0.05) 189.06 46,49 0.57 NS 1.639 1 1.252 | 0.073 1 0.079 NS N3 150 § &.324 | 0625 ) 0356
Time of N application - - - - - - - - - - - - : -
2/3B+1/311 993.2 77660 | 478 | 530 | 10.07 | 11.878 1 2.091 | 2.234 | 3890 ; 3843 | 2864 | 2871 | 162} | 7.972
3B+ 1/ 3MT+1/3PL 10553 | 83640 1 502 | 5355 | 11.53 | 13.327 | 2.280 | 2.386 | 40.73 | 40.66 | 31.30 § 30,07 | 10.77 | 8.763
/3T +I/3MT+1/3P] 10434 ¢ 9046 | 578 | 394 | 13.96 | 15008 | 2.405 | 2,516 | 40.54 | 39.82 § 3140 | 30111 | 10.78 | 9.29¢
1/3T+1/3P1+1/3F 1163.8 1 100460 1 6.11 | 672 | 1647 | 17626 | 2.691 | 2.756 ) 42.68 | 42,10 | 33.59 | 3544 | 10.75 | 10.179
VABHUAMTHU/APHL/AF | 1077.6 | A€+.Y« | 585 §°5.91 | 14.42 | 15124 | 2464 | 2,564 | 42,17 | 4071 £ 3074 ] 31.53 | 11.03 | 9.2i1
VAT+1AMT+1/4PI+-1/4T | 12223 | 108960 | 6.69 | 6.49 | 20,04 | 20440 | 2957 | 3.052 | 4337 {4272 § 3373 | 3700 | 1229 ] 11.013
VALATATHIAMTHUARL- | 13325 5 91930 | 601 | 6.14 § 1524 1 16552 | 2,532 [ 2,602 | 40.96 | 40.86 | 30.72 | 30.74 | 11.68 | 9.362
2% 1057.1 { 87250 | 582 | 582 | 1522 1 18630 1 2606 1 2713 | 41,57 | 41,45 | 3040 | 30.06 | {087 | 8930
Weekly application 54.39 65.51 063 ] 04385 1.658 | 141 1§ 0.088 | 0.106 | *.771 | 141 1.35 § (.787 | G.571 | 0.698
L.S.D (0.05) i NS NS NS ok NS *¥ wy NS NS *H i hid *e
Interaction

B: Basal, PL; Panicle Initiation, MT; Mid-TilleringT; tillering and F; Flowering.
¥* = significant at 0.01 level.

NS = Not significant.
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equal nitrogen splits of 1/4T + 1/4MT + 1/4PI + 1/4Fexceptfor, flag leaf
area of SK2025H at 1/3T + 1/3PI + 1/3MT in 2007. On the other hand,
Sakhal04 gave its maximum values of dry matter at 1/4B + I/4MT -
1/4P1 minus 2% (urea) F, while the rest of the above mentioned traits was
at 1/3 T + 1/3PT + 1/3F. The lowest values of dry matter production
<canepy index, leaf N%, flag leaf area and GRM were produced by the
combination of Sakha 104 and 2/3B -+ 1/3P1. The interaction etfect data
came to confirm the inferiority of basal application of nitrogen under
saline soil for both traditional and hybrid rices, regarding their
physiological traits at heading stage. Furthermore, one third or one fourth
of recommended nitrogen at the beginning of heading could be essential
for rice growth under saline soil for both hybrid and traditional rices
(Tables 2,3,4 and 6).

Table(2 }: Dry matter g m™? as affected by the inferaction between rice varieties and
times of nitregen apolication under saline soil condition in 2006 season.

Varicties

Time of nitrogen application TakhaTd T ST T S T YT
3B 84780 106250 | 960.70 107180
1/3B+13MT+1/3P 60050 1 107540 | 997.20 114820
AT+13MT+1/3P1 167920 | 113090 | 904.00 108330
VAT+13PI+1/3F 103740 | 128690 | 107710 | 125410
V4B AMT1 4P+ /4F 3460 | 133300 | 94690 1195.00
VAT 1/4AMT+1/4PL+ L4F 965,90 130280 | 131720 | 130340
VA4B+ 141+ MMT 1 /4P1-2051 113700 | 114050 | 106710 ! 118530
Weekly upplication 102280 | 10%430 | 101500 | 9vs.4c

TSD P (<0053 11850

B; Basal, PI; Panicie Initiation, MT: Mid-Tiilering, T; tillering and
F; Flowering.

Tabie (3 ) Canopy index as affected by the interaction between rice varieties and time of
nitrogen application under saline soil in 2006 season.

Varieties
Time of nitrogen application .
Salkha 104 | 5k2025H Sk2038H Sk2047H
2/3B+1/3P1 7.094 12.013 10.869 10.236
1AB+3MT+13P] 8259 13417 12.060 12.375
13T+ 3MT+1/3P1 11.749 14.412 14,761 14.908
13T+1/3P0+1/3F 14.914 17.241 16.698 17.037
HAB+H1/AMT+1/4P1+1/4F 13303 14.454 12.600 17.307
LATHIAMTH1A4PIH 1/AF i4.217 20,079 20.386 25.881
148+ 14T+ LAMT+I 4P 2%F i4.180 16.897 13.521 16.537
Weekly application 13.970 13.796 15.189 12.921

B; Basal, PI; Panicie Initiation, M1 Mid-Tili;ering, T; tillering and F; Flowering.
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. Table(4):Leaf nitrogen % at heading as affected by the interaction
between rice varieties and times of npitrogen application
under saline soil condition in 2006 and 2007 seasons.

Vaneties

Time of nitrogen application Takhal0a E TR0 [ R @ity [ owuiTH
2006 season

2/3B+1/3P1 ’ 1.887 2214 2.167 2.009
1/3B+1/3MT+1/3P1 2.019 2421 2.385 22865
1/3T+1/3MT+1/3P1 2.107 2.590 2.582 2.342
V3T+1/3P1+1/3F 2507 | 2.827 2.774 2.656
1/4B+1/14MT+H1/4PL+1/4F 2268 2.769 2.319 2.500
14T/ 4MT+1/4P1+1/4F 2519 2.899 3.198 3.213
1/4B+1/4T+1/4MT+1/4P1-2%F 2 450 2616 2.525 2.53%
Weekly application 2.204 2.674 2.634 2.850

0.181

LSD P (<0.05)

2007 season

2/3B+1/2P1 1.996 2423 2266 2.249
1/3B+13MT+1/3P1 2.124 2544 2.480 2.394
1/3T+1/3MT+1/3FL 2.219 2.709 2.685 2.451
1/3T+1/3P1+1/3F 2.578 2.997 2.684 2.765
V4B+1M4MT+1/4P1+1/d4F 2318 2,795 2.543 2.599
VATHUAMT+1/4Pi+ 1/4F 2.620 3.063 3.305 3.220
VaB+1/4T+H1/4MT+1/4P1-2%F 2473 2,695 2.645 2.395
Weekly application 2,399 2.779 2,737 2.938
T3
LSDP(<0.05)

B; Basal, PI; Panicle Initiation, MT; Mid-Tillering, t; tillering and F; Flowering.
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Table (5 ): Flag leaf area at heading ( ¢cm’) as affected by the interaction
between rice varieties and time of nitrogen application under
saline soil condition in 2006 and 2007 easons.

Time of nitrogen applicaiion Varieties
Sakhal04 | SK2025H | SK2058H | SK2047H
* 2006 season

2/3B+1/3P1 : 25.59 29.73 29 88 10.98
1/3B+1/3MT+1/3P1 29.35 32.59 3037 32.39
V3T+E3MT+1/3P1 30.24 31.63 30,58 33.15
i/3T+1/3PI+1/3F 3124 37.57 31.27 3428
ViP+H1/4MT+1/4P1+1/AF 2064 31.23 3078 1134
ATHIAMTH14P+1/4F 30,24 33.03 35.68 35.97
V4B+1/4T+1/4M T+ 1/4PL-2%F 38.70 30.65 30.54 32.73
Weekly applicaiion 28.60 29,55 31.01 32.46
LSDP{<0.05) 355
2007 seasen *

2/3B+1/3P1 26.50 31.63 2175 2875
3B+ AMT+1/3P] 27.33 32.25% 29,83 30.88
F3T+EAMTH1/3P1 25.00 33.00 31.55 30.90
3T+ 1/3P1+1/3F 3238 37.55 35.03 36.25
VaB+ 1/ AMT+ 1 /4P1+ 1/4F 31,88 31.65 3135 32.28
W+ 1AM T+ VAPT+ L/4F 34.38% 36.50 3738 39.75
14B+1/4T+1/4MT+1/4P1-2%F 27.00 32.63 31.95 31.40
Weekly application 26.38 32,15 31.20 30,50

1.57

LSDE{<0.035) :
B; Basal, Pl; Panicle Inifiation, MT; Mid-Tillering, T; tillering and F;

Flowering.

2- Grain yield and its attributes:
2-a.Rice variety performance

The four tested rice varieties markedly varied in their grain yield
and its attributing traits in both seasons (Tables 7and 8). Hybrid rice
varieties significantly surpassed Sakha 104 in grain yield and its
attributes, ¢xcept for 1000~ grain weight in both seasons. The four tested
rice varicties did not show any significant differences in their plant height
in 2007 season and panicle length in 2006 season. The highest values for
number of filled grains panicle,” paniclesdensity, sink capacity and grain
yield, harvest index and sterility perSentage in 2007 season were
produced by SK2025H hybrid rice variety. Both Sk205H and SK2047H
were at a par in plant height, panicle length, panicle number m,” sterilits
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persentage and harvest index, while in gramn yield the three tested hybrid
rice varieties were at a par in grain yield in 2007 season and panicles m™
in 2006 season. The heaviest 1000 grain weight for Sakha 104 rice
variety, while the lightest 1000-grain weight was that for SK2025H
which was mainly due to the genetic background. Higher heterosis was
detected in the early growth parameters of hybrids resuited in higher
yield attributes, and subsequently grain yield. The current findings are in
conformity with those reported by Patniak ¢ al (1994), Peng et al
(2003), Virmani (2002), Singh (2002), Gautam (2004) and Mohammed
(2006).

Table(6 ): Growth rate at maturity(GRM) as affected by the
interaction between rice varieties and time of nitrogen
application under saline soil condition in 2006 and 2007

S€asons,
{irme of mitrogen apphication Varieties
Sakaailfa | SKZUIN i SKBUSSHi S0 R
" 2006 season
8.783 1.653 10.643 10473
2/3B-+1/3P1
VAT M 1 /3P1 (1028 11375 10.238 10,500
13T+1/73PH+113F 10.50% 12.778 L ]_.320 12,0665
1/4B+ MAMT+1/4P1+ | 4F !0.2)5 li.373 lU.S#ISS 1 1411‘3
AT+ LAMT +T/4PH1/4F 9.842 12778 1‘?-%*3 1231
VAB+ V4T+1AMT L /4PE-2%F £1.768 11.635 1853 14458
Weskly application 10573 10910 12.455 9500
.50 P (<0055 I
N 1241
2007 scason
. 6.79 8960 §.398 7740
s 4 1/3
I L3P 7565 9.420 16,168 8205
AT M 1P 8610 9515 10.498 8538
!BTﬂ.Li.GPHl"BF 9095 11.870 15005 8.745
y . ’ . 8.865 9.393 10.445 8.140
V/AB+ idMT+1/4PH1A4F 873 11045 12.843 11.433
ATHIAMT+1M4PI+1/4F 2 .882 9 ;‘33 P 598 9 '535
L/4B+ /4 T+ 1 AMT+1/4P1-2%F 8.475 87948 Hj 735 2‘0?3
Weekly application ’ ’ e i
LSDP(=005) 1.368

B; Basal, PI; Panicle Initiation, MT; Mid-Tillering, T; iillering and F; Flowering,
2- . Time of nitrogen application effects :
Time of nitrogen applications significantly aftected grain yield
and its attributes in both seasons, except for the plant height in both
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seasons, as weil as  panicle length and panicle density in 2006 season
{Tables 7 and 8). The same trend was recoded with grain yield and its
attributes as i growth traits. The nitrogen application, as basal, failed to
achieve any improvement in the main components of grain yield of
hybrid or traditional rice under the present circumstances. More nitrogen
splits; namely 3 or 4 doses after transplanting up to flowering stage, was
found to be more effective in promoting the main grain yield components
such as pagnicle numbers and stk capacity and lowering the sterility
percentage. Also, a pronounced enhancement in harvest index resulted in
a reasonable grain yield of rice.

Hence, the four equal nitrogen splits of 1/4t+1/4AMT+1/4P1+1/4F
gave the highest values of panicle numbers/m,” filled grains/panicle,
penicle denstity, sink capacity, 1000-grain weight. panicle weight, harvest
index and grain yield, while they gave the lowest value of sterility
persentage. The three nitrogen splits of 1/3T + I/3PI + 1/3 F came in the
second rank after the treatment of 1/4T + 1/4MT + 1/4P1 + 1/4F in all
attributes and grain yield. The lowest values of such characters were
produced by the treatment of 2/3B + 1/3PI. These previous results were
similar to those obtained with physiological traits measured at heading .

From previous discussion, splitfing nitrogen into four equal doses,
applied at critical growth stages; i.e., tillering stage, panicle initiation and
particularly heading stage under saline soil and for hybrid rice might be
more important for considerable rice growth before heading. As seen,
nitrogen  application at late growth stage increased leaf nitrogen
percentage, which played a great role in raising leaf Rubsco content,
resuited in delaying leaf senescence during grain filling period. This lead
to high filled grains and low sterility %. Nitrogen application at late
growth stage enhanced the activity of roots and the three active leaves,
including stage leaf during grain filling time, which resulted in optimum
grain filling rate. All aforementioned results got out the full expression of
high heterosis of hybrid rice and maximize its grain yield under saline
soil. It is mentioning, here, that nitrogen splitting into four equal doses
(1/4T + 1/4MT + 1/4PI + 1/4F ) caused higher harvest index, leading to
high grain yield. Similar results have been obtained by Patnaik et al.
(1994}, Surekha er al (1999), Yang ef al (1999), Hembram
et al. (2001), Peng et al (2003), Balasubramanian (2002), Tao et al.
(2002} and Edwin et al. (2004).



Table (7): Heading date, plant height, panicle length, panicles m™, filled grains /panicle, panicle density and sterility % of some

rice varieties as affected by time of nitrogen application under saline soil.

|

—
Traits Heading aate Plant height(cm) | Panicle length | Panicles/ e Filleg grains Panicle Sterility (%) |
Treatments {days) {cm) /panicle density
2006 2007 2006 2007 2006 | 2007 | 2006 | 2007 | 2006 2007 2006 | 2007 1 2006 | 2007
Varieties : - - - - - - - - - - - - - -
“akhaiOd 97.83 9731 105.39 | 108.84 | 2158 ¢ 20,70 1 381.8 | 4095 | 114.28 ! 118.34 | 5.281 5.97 8.58 | 22.50
Sk2025H 100.3 100,27 1 10202 1 164201 22.46 { 2468 | 4150 | 464.0 ] 165.03 { 14623 | 7454 | 595 | 21.72 | 25.6]
Sk2058H 91,17 | '90.50 | 9826 | 100.09 ; 2133 | 2452 | 414.5 | 439.0 | 122,63 | 13634 | 5791 | 554 | 12.19 | 21.65
SK2047H 103.68 { 103.64 § 10558 | 101,77 ) 2197 | 2471 | 4173 | 4855 | 11901 | 11997 | 5432 ; 4.82 | 23.00 { 24.55
LSD (0.05) 2.22 0.543 4.69 NS NS 0.89 26.8 46 3 11.54 6.27 0.423 1 0.254 | 6.39 ] 2.652
Time of N application : - - - - - - - - - - - - - -
2/3B+1/3P1 97.41 97.19 | 10197 | 10291 | 2185 | 2358 | 380.3 | 3845 ] 11841 | 12013 | 5524 | 5,12 | 24.90 | 35.62
173B+1/3MT+1/3P1 97,78 t+ 9731 | 100.60 | 102,97 | 2211 § 2302 { 3993 | 4595 | 123.13 | 126.18 § 5574 3 551 | 17.00 | 29.80
I/3T+1/3MT+1/3P1 9809 § 9809 ( 102.03 | 102,92 | 21.70 | 2381 ) 4155 | 4533 | 134.00 | 12329 | 6.297 | 521 | 18.13 | 2591
13T+ 1/3PI+1/3F 09916 | 9894 | 10160 1 (0298 [ 21,57 1 2431 | 4285 | 4735 1 13531 [ 137.85 ¢ 2,119 | 566 | 12.58 | 15.98
1/42-+1/4MT+1/4P1+-1 4F 97.66 97.53 103.20 | 10445 | 2128 [ 2316 [ 397.0 | 457.0 | 133.36 | 127.251 6,243 ¢ 548 | 1675 | 21.38
VaT+ 1/ aMT+ 4P 4F 1 99.36 9966 | 103.80 1 105.03 | 21.94 | 2424 | 430.8 | 480.8 | 138.11 | 145.01 § 6.229 | 6.04 5.98 14.43
1/48+ 1/4T+1/4MT+1/4P1- | 9791 97.03 104.71 | 104.94 | 2181 | 2341 | 414.0 | 4563 | 12760 | 138.13 | 5946 | 5.94 | 1596 | 2438
2%F 98.06 G769 1 104.31 | 103.59 | 22381 2370 1 392.0 | 4270 | 13196 | 12434 | 5682 | 522 | 1570 | 2053
Weekly application 0.500 | 0.614 NS NS NS | 67311 263 42.8 i3.41 6.91 N§ 0.358 | 4.35 3t
1.5D{0.05) i NS N§ NS NS NS NS NS N§ *¥ ** NS NS NS **
interaction

B; Basal, PI; Panicle Initiation, MT; Mid-Tillering, T; tillering and F; ‘Flowcring.

** = gignificant at 0.01] level.

NS = Not significant.

w12y podng g
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Table (8): Sink capacity , panicle weight, 1006-grain weight ,grain
yield and harvest index of some rice varieties as affected by
time of nitregen application under saline soil.

Traits | Sink capacity Panicle weigh HO00-grain Grain yield | Harvest index
Elements spikelets m™ (2) weight (g} (t/ha)

2006 | 2007 12006 | 2007 | 2006 § 2007 | 2006 { 2007 1 2006 | 2007

Voreties: - - - - - - - - - -
Sakhalt4 43654 | 49613 F 291 | 331 | 2694 § 2721 577 | 596 | 0412 | 0410
§k2025H 67468 | 67498 1 335 | T.e% | 20,63 2150 | 6.83 | 6.84 | 0454 ! 0447
Sk2058H 50803 | 59704 1 300 ] 385 | 23661 25001 636 | 666 | 0433 | 0438
SK20:7H 49553 | 58245 ; 340 v 1 2468 | 2581 | 661 | 6.66 | (442 | 0450
L8P {0.05} 6119 | 6962 031 § 060 | 084 t 097 | 023 | 038 | 0011 | 0OLL

Timg of N application: - - - - - - - - - -
23B+1/3P! 45146 | 46129 F 270 | 313 | 2297 | 2433 | 580 ] 592 | 0.396 | 0.400
1AB+1AMT+1/3PL 48818 | 57989 [ 292 | 330 | 2384 [ 2458 | 6.20 | 640 1 0412 | 0413
LATHIIMTHISP 56070 7532 1 3.20 360 12436 | 2496 | 644 | 378 | 0440 | 0435
V3T-HU 3P A 58156 | 68R48 | 3.33 | 399 | 2436 | 2568 1 675 | 702 | 6471 | 0.471
B+ 1AM+ 140114 F 52915 1 58488 | 325 | 376 12354 1 2471 1 628 | 648 | 0428 | 0417
THUAMT+ /4P 1/4F % 59500 | 70145 | Y.e. 400 | 2474 | 2545 | 686 § 728 | 0492 ! (487
VB A TAMIAPI2%F | 530200 ) 63672 ) YY1 383 | 2386 | 2453 | 650 | 628 | 0421 | 0429
Weekly application 49328 | 53126 | Yoo | 374 2410 1 2481 | 632 1 506 | 0425 | 0437
LSD (0.03) 6511 § 6139 1 041510278 1 075 | 042 | 023 | 034 ¢ 0015 | 0.012

Interaction NS NS NS NS NS N§ ET) ™ Y P

i

B, Basal + PI, Panicle Initiation, Mt; Mid- tillering, T =tiliering and F; Flowering

2-¢.The interaction effects:

Analysis of variance for the obtained results revealed that the
interaction between rice varieties and time of nitrogen application had a
lightly significant effect on filled grains /panicle, grain yield and harvest
index, in both seasons and sterility % in 2007. Data indicated in tables (9
and 12) showed that Sakha 104 rice variety and SK2025H gave their
higher filled grains and harvest index when they received their
recommended nitrogen doses at 1/3T + 1/3P1 + 1/3F, while the two other

varieties produced their higher filied grains and harvest index when the
recommended nitrogen was applied as 4T + VAMT + 1/4PI + 1/4F. The
treatment of 1/3T + 1/3P1 + 1/3F got the highest value of sterility % in
Sakha 104 while, the treatment of %T + [/4MT + 1/4PI + 1/4F gave the
lowest values of sterility for the three tested hybrids. With respect to
grain vield, both Sakha 104 and SK2025H varieties performed better
under the treatment of 1/3T + 1/3P1 + 1/3F in 2007. Both SK2025H and
SK2047H hybrids gave their high grain yield under the treatment of 4T
+ 1/4MT + 1/4PI + 1/4F in both seasons. It is worthy to mention that the
highest grain yield (8.22 t/ha) was obtained by the combination of
Sk2047H and 1/4 T + 1/4MT + /4P + 1/4F in the second season. All
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four tested rice varieties badly performed under the treatment of 2/3B +
1/3P], regarding the mentioned traits. The highest value of sterility %
recorded by the hybrid SK2047H, under the treatment of niirogen
splitting treatment of 2/3B + 1/3PL

Table (9 ) : Filled grains /panicle as affected by the interaction
between rice varieties and times of nitrogen pplication
under saline soil in 2006 and 2007 seasons.

T'ime of netrogen application vareelies

bnkﬂaEU-'i| SKAULH l SRZUMEH ¢ dxZi4/H
l

2046 season

3B+13P 101.85 142.075 118.85 110.20
13B+1AMT+1/3PY 105.05 145.025 126.10 11610
V3T+1BMTHEP 113.00 176.50 124.00 122,50
1/3T+H3PHIAF 12525 199.65 109.00 107.55
B+1AMT+LAPH/AFY% 124.00 161.2% 122.00 i26.20
14T+ AMT+1/aPT+14FY 122.30 14925 149 50 131.40
B+ L/ aMt+H 14 Pi-2%F 4 103.00 159,75 121.10 £26.55
Weekly applivation 119.75 186.05 113.50 t11.55

LSDP(£0.05) 27.00

2007 season
" 109.38 126.75 126.00 118.3%
ﬁggiigﬁ‘fﬂﬁﬂ 117.25 147.00. i22 50 117,95
VAT 1AM 130 103 43 142.83 127.75 119.18
1/31.4_1/:,;?;*“:;}_, 12575 164,50 138.75 122.40
i 109.50 149.75 130.25 1i9.50
BHIAMTH4PIH AAF A 13078 14875 16775 13275
LT+ LAMT+ 1 4PH 1/4F Y 133‘00 146,25 143‘75 1'29'.';0
B /4t 1/aMu+1/4PH-2%F Y 119.25 144.00 134 00 10010

Weeldy application ) ’ | ’ '
1
i4.41

LSDP(<£0.05)

B; Basal, PI; Panicle Initiation, MT, Mid-TilleringT; tillering and F; Flowering.
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Table (10 ) : Sterility %as affected by the interaction between rice
varietics and times of nitrogen  application under
saline soil in 2007 season . :

Time of mitrogen application Varneties
Sakha 104 Sk2025H $k2058H | Sk2047H
2/3B+1/3P1 27.25 37.25 3223 : 4575
L3B+1/3MT+1/3PL 19.25 3358 3120 3518
13T+ 13MT+1/3F1 2375 27.33 19.40 33135
V3T+1/53PH1/3F 1475 1513 §19.00 1515
B1/AMT+1/4PI+1/4F 4 17.75 2525 21.75 20.75
1/4T+14MT+1/4PH-1/4F% 17.00 13.80 i1.75 15.00
B A /M- 1/4Pi-2%F Y 43.25 2208 15.25 1543
Weekly application 17.00 26.58 22.60 1595
LSDP{<0.03) £.40

B; Basal, PI; Panicle Initiation, MT; Mid-Tillering, T; tillering and F; Flowering.
Table{l11 ):Grain yield (t/ha) as affected by the interaction between
rice varieties and time of nitrogen applications under
saline soil in 2006 and 2007 seasons.

{1me of nitrogen application Varteties
akna s
z : 20086 season
2/3B+H3PI 5.80¢ 5.03 §.25 5.25
HIB+HIBMTH73P] 565 620 6.05 685
3T/ 3MTHI3P 5.98 6.80 6.63 6.63
3T+1/3PI+ 1/3F 6.55 7.60 6.40 540
B4UAMT+ AP L4EY 5.70 6.85 6.23 623
14T+ VAMT+14PLH14F S 693 735 740 740
BHidtr AML+ API-2%4F Y 57 693 6.78 6.78
Weekly application 5.60 6.88 6.55 6.55
L
LSDP{(<0.0%} 048
2007 season

5.62 5.98 6.28 5.82
288150 5.96 5.42 £.70 652
#3B+13MT+1/3P1 " )

o AL 6,58 746 6.50 658

E/3T+HI/3MT+1/3P1 g

6.80 778 6.90 6.62
B+1/4NMI+1/4PHH-HFA 6-00 ".46 7‘42 8.22
14T+ LAMT+1/4P14 1/4F Y 579 667 636 6.46
B+ 1/4t+1/AME+1/4Pi-2%0F % 116 6.40 633 636
Weck[y application - : ’ )

047
LSNP {<0.05)

B; Basal, PI; Panicle Initiation, MT; Mid-Tillering, T; tillering and F; Flowering.
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Table(12 ): Harvest index as affected by the interaction between rice
varieties and times of nitrogen application under saline soil in

2006 and 2007 seasons.
Time of mitrogen applicalion Varielies
Sakhai0d | SK2025H | SK2058H | Sk20471
- 20 season
3/3B+1/3P1 0.383 0415 0.15¢ 0.430
Bt LAMT+L/3P] 0412 0424 0381 0.430
AT+ AMTH1/API 0.428 047} 0411 0.450
1/3T+IAAPIHUSF 0.452 0.524 0.462 0448
B+1/4MT+1/4PH 14T 0.383 0.435 0.455 0.410
LT+ 1/ AMT+1/4PE 11151, 0.444 0.560 0.510 Q510
B+ 140 LM+ API2%F Y | 0415 0.420 0423 0.423
Weekly application 9383 0423 0.438 438
0.031
LSD P {<0.05)
2007 season
0369 0418 0381 0.433
ficabr - 0385 0434 0397 0.437
LATH1AMT41/3PL 0415 0.445 0423 0455
VAT+1/3PI+13F 0.445 0,502 0.466 6470
BHUAMT+1/4PI+1/4F% 038 1 oI o 0423
HATHUAMT+1/4PI+ 1 /4E Y (j 107 0433 0438 0432
B+1/4t+ 1/4Mi+1/4Pi-2%5 4 et - ‘ 3
Weekly application 0416 0438 £0.450 0446
LSDP (<0405} 0.0.25

B; Basal, PL; Panicle Initiation, MT; Mid-Tillering, T: tillering and F; Flowering.

The interaction results came to prove the failure of any basal
nitrogen application under sahne soil . Furthermore, more nitrogen
splitting after transplanting, one of them at late growth stage, had to be
followed under saline soil, particularly, for hybrid rice. The present
findings are in a good conformity with those produced by Peng er al
(2003), as well as Mohammed (2006).

3- The correlation between grain yield and the studied characters :
The data included in Table 13 stated that leaf area index |
canopy index , leaf N% , flag leaf area , chlorophyll content ,GRM,
number of panicles m™ | filled grains panicle” ,sink capacity, panicle
weight and harvest index had positive and lightly significant correlations
with grain vield in both seasons . Dry matter did not have a significant
correlation with grain yield in the second season. On the other hand ,
heading date , plant height ,panicle length and 1000- grain weight did not
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show a significant correlation with grain yield in both seasons .Sterlity
% showed a negative ard significant correlation with grain yield in 2007
season, but not in 2006 season. it is clear that the most important
physiologicai traits, considering grain yield production might be leaf N%,
canopy index and flag leaf area, while, chlorophyll content , LAI and
growth rate at maturity came in the second order and dry matter at
heading occupied the third orger .

Table (13): The simple correlation r values between grain yield and

all studied traits during 2006 and 2007 seasons under

saline soil.
Various fraits t values
2006 2007

Dry matter 0.5532%* 0.015INS
LAl 0.5926%* 0.6152%*
Canopy index 0.7362%* 0.7339%*
Leaf N% 0.8052%% 0.7508**
Chlorophylt 0.6900** 0.4359%
Flag leaf area 0.7012%* 0.8288**
GRM 0.5086%* 0.7374%*%
Heading date C.0240NS 0.2011 NS
Plant height 0.3448 NS 0.3428 NS
Panicle length 0.2361 NS 03210NS
Panicles number 0.6741** (0.5691**
Filled grains 0.5902** 0.3454**
Panicle density 0.53474%* 0.1872 NS
Sterility % -0.1150 NS -0.3848*
Sink capacity 0.7117*%* 0.8780**
Panicle weight 0.6451** 0.5781**
1000-grain weight -0.2160 NS 03178 NS
harvest index 0.6851** 0.7507**

*» = significant at (0,05 and 0.01 values respectively
NS = not significant

Regarding the importance of grain yield attributes, it was found
that panicles number m” filled grains/panicle, sink capacity, harvest
index and panicle weight were found to be more effective and correlated
with grain yield. Panicle density came in the second order in this
concern. Thereby, any nitrogen management strategy has to consider the
improvement of these traits in this study to get out high grain yield from
hybrid and traditional rice varieties under saline soil.
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