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ABSTRACT

- Two field experiments were conducted at Etai El- Baroud
Agricultural Research Station Farm (Agricultural Research Center)
in 2003 and 2004 summer seasons to study the effect of split
applied nitrogen on the productivity of two promising rice hybrids
and Sakha 104 rice cultivar. One hundred Kg N/ha, as urea form
(46%N), was added in three treatments; i.e., 2 doses 2/3 basal in
dry soil before flooding and 1/3 7 days before panicle initiation,
three equal doses and four equal doses as well as control. Split plot
design with three replications, was used (rice cultivars were laid in
the main plots, while, nitrogen treatments were laid in the sub-
plots). Thirty day old seedlings were transplanted in hills spaced
at 20 X 20 cm with 15 m® area. All cultural treatments were done
as recommended. The main results obtained showed that: -

The hybrid rice cultivars were superior over Sakha 104-rice
cultivar in grain yield and its components and all vegetative growth
characters except for plant height and number of days to heading.
On contrast, Sakha 104 rice cultivar was superior in N% and
protein content in rice grain. '

Nitrogen application increased vegetative growth characters,
grain yield and its components and nitrogen % in both rice grain
and straw and grain protein content compared with the control.
While, split - applied nitrogen with four equal doses gave a
significam effect on vegetative growth characters, and grain yield
and its components except for number of panicles / hill, panicle
length, number of unfilled grains /panicle, N% and protein content
in rice grains, compared with the other nitrogen treatments.’

A significam effect. due to the interaction between rice
cultivars and split-applied nitrogen on ( LA, CGR, number of
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grains / panicle, panicle weight, 1000 - grain weight, grain yield, N
uptake by grains and protein content in grain).
INTRODUCTION

- Hybrid rice technology has significantly contributed towards
food security, environmental protection and employment
opportunities in China for the past 25 years. Since the mid- 1990 s,
this technology has also been developed and introduced to farmers
in India, Vietnam, the Philippines, Bangladesh and United States (
Virmani er al 2003). Hybrid rice varieties can out yield
conventional varieties by 15-20 % under the same in put levels.

Commercial success of hybrid rice technology in China

has clearly shown the potential of this technology to meet the ever
increasing demands for rice the world over. Efforts to develop and
use this technology in Egypt , initiated in 1982 s, have been
systematized and intensified since 1995. Within a short span of six
years, the hybrids have been released for commercial planting.
Many more promising hybrids, with better grain quality and higher
level of heterosis are in final stages of evaluation .

No hybrid combination can express its maximum productivity,
unless it is grown under ideal package of cultural practices.

From 1995 to 2001 many hybrids showed standard hetrosis
ranging from 15-30 %and most of these hybrids have short growth
duration Bstawisi et al (2002). Nitrogen fertilization is very
important for plant growth, it has be applied at the optimum rate
meets the plant need not only the amount of nitrogen added but also
the time and methods of application Shiga et al (1977). Nitrogen
fertilizer enhance the vegetative growth in all plants specially rice
crop and its accumulates in the vegetative parts and later is partially
utilized for grain formation Mikkelson (1982). Khaled et al (1999)
reported that nitrogen fertilizer increased protein content in rice
grain. The increase in nitrogen supply caused increases in rice
yield and its components Aidy et al (1988), Abd El -Rahman et al
(1990). Also nitrogen has a vital role in nitrogen % in rice grain
and nitrogen uptake by rice grain Ebaid er a/ (2000). Rice grain
yield was maximum with split nitrogen application Ramasamy et al
(1985).

To achieve the full grain yield potential of hybrid, an
appropriate agronomic package is needed . The high grain yield of
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hybrid rice is attributed to high vegetative biomass production, high
leaf area and increased number of spikelets and filled grains. To
find an optimum agronomic package for hybrids, extensive studies
on aspects such as seeding density and nursery management ,
seedling age and number of seedling hill”’, planting geometry , time
of planting and nutrient and water managements were carried out at
different locations.

This investigation aimed to study the nitrogen efficiency
increase through split application on two hybrid rice cultxvars as
compared to the best local inbred.

MATERIALS AND METHODS

Two field experiments were conducted at the Experimental
Farm of Etai El -Baroud Agricultural Research Station
(Agricultural Research Center) during 2003 and 2004 summer
seasons to investigate the effect of split - applied nitrogen on the
productivity of two hybrid rice cultivars SK 2034H (H1) and SK
2035H (H2) compared with the rice cultivar Sakha 104. These two
hybrids; namely SK 2034H and -SK 2035H; which have already
been tested in a hybrid rice yield trial for many years and have
-given consistently good performance under both normal and saline
soil conditions, are being considered for a large scale field level.
Split- applied nitrogen as urea form (46% N) with the rate of 100
Kg N /ha was applied as four treatments,; viz., contro] (T1), two
doses (2/3 basal in the dry soil before flooding and 1/3, 7 days
before panicle initiation (T2), three equal doses 1/3 basal in dry soil
before flooding, 1/3, 20 days after transplanting and 1/3, 45 days
after transplanting (T3) and four equal doses 1/4 basal in the dry
soil before flooding, 1/4,20 days after transplanting, 1/4, 40 days
after transplanting and 1/4, 60 days after transplanting (T4).

A split- plot design, with four replications was used, the main
plots were occupied by the three rice cultivars and the sub - plots
by the nitrogen treatments. The experimental sites were prepared
by two plowing and harrowing then, carefully dry and wet leveled.

Each sub- plot was fertilized with 38 Kg P2Os/ha in the form of
Super Phosphate (15.5% P;0s) added during land preparation.
Zinc fertilizer (24Kg Zn SO4/ha) was mixed with fine soil and
manually broadcasted in flooded soil before transplanting. Three to
four, thirty day old seedlings were transplanted at 20 ¢m distance
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among hills in rows 20 cm apart. The weeds were chemically

controlled using Saturn 50% at 4 1/ha mixed with sand and

manually broadcasted five days after transplanting. All cultural
practices were done up to harvesting as recommended.

A-Grewth characters: -

Seventy days after transplanting, plant samples were randomly
collected from each sup plot to determlne the following growth
characters: -

1- Leaf area index (LAI).

The ratio between the leaf area/ hill divided by ground area
(400cm). Leaf area was measured using Leaf Area Meter (Model
LL3000A).

2- Crop growth rate (CGR).

It is defined as the dry matter increase with time (Radford,

1967), using the formula:

CGR= (Wz-W;)/ (T2 - T[) g/hlll/week
3- Dry matter production (g / hill). The samples were oven dried

at 70 C° for 72 hr or to a constant weight, then, dry matter was

recorded.

4- Number of days to heading: - Number of days from sowing to

- 50% heading was recorded in each sub-piot.

5- Plant height (cm): - Seven days before harvesting plant height
of ten random rice plants were measured from soil surface up
to the top panicle of the main stemn.

B- Grain yield and its components: -

Seven days before harvesting five plants of random hills from
each treatment were collected to determine panicle characters
(panicle length, number of filled and un filled grains / panicle,
sterility %, panicle weight and 1000 - grain weight). An area of
10 m’ in the center of each sub plot was manually harvested, air
dried for about four days, then mechanically threshed. Grain and
straw yields were recorded and the grain yield was adjusted to 14
% moisture content and converted into ton/ha .

Harvest index was estimated according to the following
equation:-

HI = (Grain yield t/ha/ Biomass yield t/ha) X 100

~ About 250 g paddy rice and dry rice straw random samples
from each sup plot were collected to determine nitrogen content
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according to the standard Kjeldahl method while, nitrogen uptak -
by grains was calculated by multiplying N% by grain yielc
Crude protein was calculated by multiplying N% by the factor o.
5.95. Data were carried out according to Snedecor and Chochrar
(1981). LSD test at 5% level of significance was calculated t
compare among treatments.
RESULTS AND DISCUSSION

1- Growth characters :-

Effect of nitrogen treatments and two rice hybrids an.
Sakha 104 cultivar and their interaction on leaf area index (LAI).
crop growth rate (CGR), dry matter content (DM}, number of day-
to heading and plant height are presented in Table (1).

Data indicated that (SK 2034) hybrid 1 recorded the highes:
(LAD), (CGR) and {DM) in 2003 and 2004 followed by (SK2035)
hybrid 2 while Sakha 104 rice cultivar recorded the lowest values
in these traits.

On contrast, Sakha 104 rice cultivar recorded the highest
values in number of days to heading and plant height in 2003 and
2004. These results could be attributed to the strong growth of rice
hybrids compared to the inbred. Data also, indicated that nitrogen
application significantly increased vegetative growth characters,
compared with the control. Furthermore, four equal N doses
significantly increased LAI with 7.1and 7.0,CGR with 41.9 and
442 g/hill / week, DM with 102.3 and 111.5 g/ hill, plant height
and days to heading, over the other nitrogen treatments in 2003
and 2004 respectively. These data are inagreement with those of
Ramasamy er al (1985) they found that nitrogen application at
heading stage significantly increased growth characters. These
results could be attributed to the role of nitrogen that applied lately
in increasing the efficiency of photosynthesis process and,
consequently the metabolites in rice plant.
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Table 1: Effect of split- applied N on some growth characters
in two hybrids and Sakha 104 rice cultivars in 2003 and 2004
SHIMMeEr Seasons .

LAl CGR DM No Of days { Plant height
Main effects .| (gmilliweek) @/ hill) to heading (cm}
20 | 20 | 2003 | 2064 | 2003 | 200 | 200 | 200 | 200 | 2004
03 1 04 4 3 4 3
A-Rice Cultivars ]
Sk 2034 (H]) 68 67| 384 402 |1 939 | 928 | 849 | 852 | 913 | 920
$k2035 (H2) 61 | 62| 345 372 |1 902 1 889 | 81.6 | 82.1 | 906 | 91.2
Sakha 104 54 53| 309 327 1 758 1 774 | 938 [ 952 | 945 | 953
LSD (5%) 02103 12 13 32 40 2.1 22 25 24
B- N doses
0 500153 218§ 231 | 446 1 508 | 8B40 | 841 | 874 | 881
2 doses 61 |61 381 | 390 1856|902 | 850 | 851 | 902 ] 91.5
3 doses 60|62 382 | 400 | 879 | 923 | 863 | 868 | 919 | 924
4 doses 74070 419 | 442 | 102 | 1M1, | 896 | 90.1 | 970 | 982
3 5
LSD (5%) 07]061 28 25 101 [ n7l 26 ] 291 31 3.3
AXB- Fiest * * * * NS [ NS | NS | NS | NS | NS

Data, also, indicated that a significant effect due to the
interaction between rice cultivars and spilt- applied nitrogen on
LAl and CGR in both seasons. Data in Fig (1) showed that the
highest LAI (7.6) value was obtained when hybrid 1 was fertilized
with 100 Kg N/ba as four equal doses, while, Sakha 104 rice
cultivar recorded the lowest LAI (4.3), when no nitrogen fertilizer
was added.

Data in Fig (2) indicated that the highest CGR (44.9 g/hill
/week) value was obtained when hybrid 1 (SK 2034) was fertilized
with four equal doses of nitrogen followed by hybrid 2 (41.9 g/hill/
week) while, the lowest CGR (19.0 g/ill/week) ,value was
obtained when no nitrogen fertilizer was applied to Sakha 104 rice
cultivar

11- Number of panicles / hill, panicle length, number of filled
and unfilled grains / panicle and sterility %

Number of panicles / hill. panicle length, number of filled and
unfilled grains / panicle and stenility % in 2003 and 2004 were
presented in Table (2).

Data indicated that no significant differences were observed
between H1 and H2 in number of panicles / hill, panicle length and
number of filled grains / panicle, while, Sakha 104 rice cultivar



J. Agric. Res. Tanta Univ., 31(4-B) 2005

Fig (1) LA! as affected by the
interaction between nitrogen
doses and rice cultivars.

Fig(2) : CGR as affected by
the interaction between
nitrogen doses and rice
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recorded the lowest values in these traits in 2003 and 2004
seasons. On the other hand H2 recorded the highest number of
unfilled grains / panicle in both seasons, while, Sakha 104 rice
cultivar recorded the highest sterility %( 5.9 and 6.2} in 2003 and
2004, respectively.

Data, also, indicated that all nitrogen treatments significantly
increased number of panicles/hill, panicle length, number of filled
grains and unfilled grains / panicle and sterility % over the control
(no nitrogen added). Data, also, indicated that no significant
differences between nitrogen application with three or four doses
on number of panicles / hill, panicle length, number of unfilled
grains / panicle. Rao and Moorthy (1994) found the same results.
Applied nitrogen with four equal doses, significantly increased
number of filled grains/ panicle and reduced the sterility % by
reducing number of unfilled grains / panicle in both seasons.
These data could be attributed to the role of nitrogen fertilizer in
late application for increasing the efficiency of metabolic products
in the reproductive stage in rice plant.

Table 2: Effect of split applied N on some grain yield
components characters in two hybrids and Sakha 104 rice
cultivar in 2003 and 2004summer seasons

No of Panicle No of filled | No of un
panicles Mill | length (cm) | grains / panicle filled Sterility %
Main effects grains !
‘ panicle
2003 | 2004 { 2063 | 2004 2003 2004 20 | 2004 | 20 { 200
03 03 4

A- cultivars
Sk 2034(H1y | 21.7 | 218 | 233 | 237 1163 1200 {46 | 48 | 3.7 | 4.1
SK2035¢(H2) ; 213 ] 21.5 ] 234 | 240 1149 i184 | 66 68 53 | 54

Sakha 104 2001 202 | 217 | 23.0 | 1029 1075 | 55 5.7 £9 1 62

LSD (5%} 12 12 1.0 1.0 37 4.0 0.8 0.8 0.8 0.9
B-N doses )
0 Sage | 193 203 1 210 979 100.2 40 4.6 46 50

2 doses 215 §J 219 ] 223§ 232 0.2 1127 6.0 6.5 5.0 53

3 doses 218 | 220 ) 237 | 242 1123 1153 6.6 7.0 57 5.8

4 doses 21.] 213 | 237 | 243 1239 125.7 6.0 6.2 4.7 5.1
LSD ( 5%) 1.7 1.4 1.2 i3 57 1 5% 0.7 0.8 0.7 0.6
AXB F test NS NS NS NS * . NS NS NS NS

Concerning the effect of interaction between rice cultivars and

nitrogen application data in table (3) showed that a significant
effect was observed only on the number of filled grains / panicle in
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both seasons, the highest number of filled grains / panicle130.7 was
obtained when H1 was fertilized with four equal doses of nitrogen
while, the lowest number of filled grains / panicle 84.7 was found
when no nitrogen was applied to Sakha 104 rice cultivar. These
results could be due to the vital role of nitrogen fertilizer in late
booting stage for increasing the physiological processes in rice
plant during the reproductive stage of hybrids over the inbred.

111- Panicle weight, 1000 - grain weight, plant biomass, grain
yield and harvest index.

Data in Table (3) presented the effect of rice cultivars and -
split - applied nitrogen and their interaction on panicle weight,
1000-grain weight, plant biomass, grain yield and harvest index in
2003 and 2004 seasons.

Data showed that no significant differences were observed
between the two rice hybrids in panicle weight, 1000 - grain
weight, plant biomass and harvest index, while, Sakha 104 rice
cultivar recorded the lowest values in these traits in both seasons.
Concerning grain yield, H1 yielded the highest grain yield (12.8
and 12.7 vha) in 2003 and 2004 respectively followed by H2,
while, Sakha 104 rice cultivar yielded the lowest grain yield 10.6
and 10.8 t/ha) in 2003 and 2004 respectively. The increase in
grain yield in hybrid rice cultivars than Sakha 104 rice cultivar
could be attributed to the fact that the two rice hybnds had a high
efficiency in growth characters (Table 1).
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Table 3: Effect of split - applied N on some grain yield
components characters (panicle weight, 1000 - grain weight,
and plant biomass and grain yields) in two hybrids and Sakha
104 rice cultivars in 2003 and 2004.

Panicle 1000 grain Plant Grain yield Harvest
Main cffects weight (g) weight (g) biomass {t/ha) index
- (t/ha)

2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004

A- cultivars ,
Sk 2034 (HI) 37 38 242 | 239 | 254 1 258 | 128 | 127 | 046 | 045
Sk2035 (H2) 37 38 | 236 | 240 | 251 | 253 ] 121 | 123 | 043 | 043

Sakha 104 32 33 234 | 236 | 240 | 235 | 106 {..10.8 | 042 | 040

LSD( 5%} 0.1 0.1 0.7 0.6 0.7 0.6 03 0.3 03 03
B- N doses

0 | 26 24 | 219 | 223 1219 1 28 | &l 86 | 041 | 040

2 doses 32 33 | 280 | 235 | 252 | 254 | 120 | 125 | 042 | 0

3 doses 351 35 2381 247 ) 260 | 262 | 126 | 128 | 043 | 041

4 doses 4.1 42 | 255 | 263 1272 | 278 | 132 | 136 | 043 | 042
LSD { 5%) 035 0.6 13 14 1.} 12 0.5 06 1 003 ¢ 003
AXB-Ftestj * :* * * NS NS * * NS | NS

‘Data, also, showed that the nitrogen treatments significantly
increased panicle weight, 1000- grain weight, plant biomass, grain
yield and harvest index over the control. While split applied
nitrogen, with four equal doses significantly increased panicle
weight with 17 and 20%, 1000 - grain weight with 7 and 5%,and
plant biomas with 4.6 and 6.1% while, the increase in grain yield
was 5.0 and 5.4 % in 2003 and 2004, respectively.

The increase in grain yield when nitrogen fertilizer was
applied with four equal doses could be attributed to the increase in
grain yield components (panicle weight, number of filled grains /
panicle and 1000 - grain weight). These results mean that the role
of nitrogen fertilizer applied at heading caused a continuos
production of photosynthesis afier heading for a large sink size in
hybrid rice cultivars than Sakha 104 (Chaudhary e/ al 1994) and
(Miah er al 1998) reported that the efficiency of hybrid rice
cultivars for utilization of fertilizers applied was higher than in
inbred. Data in Table (3) also showed that no significant
differences were obtained among nitrogen application methods for
harvest index in 2003 and 2004.
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Concerning the interaction between rice cultivars and split -
applied nitrogen, data indicated a significant effect on panicle
weight, 1000 grain weight and grain yield. The highest panicle
weight (4.4g) was obtained when hybrid 1 was fertilized with 100
Kg N/ha as four equal doses while, the lowest panicle weight
(2.8g) was obtained from Sakha 104 with no nitrogen applied.

Figure (5) indicats that the highest 1000- grain weight (26.1g)
was recorded when hybrid 1 was fertilized with 100 Kg N/ha as
four equal doses. On the other hand, hybrid 2 under no nitrogen
applied recorded the lowest 1000-grain weight (21.2g). Fig (6)
indicates that the highest grain yield (13.7t/ha) was recorded when
hybrid 1 was fertilized by 100 Kg N/ha as four equal doses, while

the lowest grain yield (9.0 t/ha) was recorded when no nitrogen
was applied. '

1V- Nitrogen % and uptake by grain and straw and protein
content in rice grain

in 2003 and 2004. _

Data in Table (4) indicated the effect of split - nitrogen
applied in two rice hybrids and Sakha 104 rice cultivar on N% and
N uptake in both straw and grain and protein content in 2003 and
2004.

Data in Table (4) indicated that Sakha 104 rice cultivar
recorded the highest N % in grain while, no significant difference
was recorded between the two rice hybrids in this trait. On the -
other hand, hybrid 2 recorded the highest N% and N uptake in
straw. Data also indicated that hybrid 1 recorded the highest N
uptake by grain. This could be due to the highest grain yield in H1
while, no significant difference was observed between hybrid 2
and Sakha 104 in N% in grain.

Concerning protein content in rice grain, Sakha 104 rice
cultivar recorded the highest protein content (8.4 and 8.9 %) in
2003 and 2004 respectively while, no. significant difference
between the two rice hybrids in protein content in grain in both
seasons. These results could be due to the high N% in rice grain in
this cultivar than the other two rice hybrids.
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Table 4: Effect of split- applied N on N% and N uptake in both
grain and straw and protein content in grain in two rice
hybrids and 104 rice cultivars in

2003 and 2004 summer seasons.

N% in grain N% instraw | N uptake by grain | N uptake by Protein % in
Main effects (Kg /ha) straw (K g/ha) grain

2003 | 2004 | 2003 | 2004 2003 2004 2003 | 2004 | 2003 | 2004

A- cultivars
Sk2034(HLY | 126 | 122 | 028 | 027 104.0 101.7 334 | 327 74 7.3
Sk2035 (H2) 123 128 | 032 | 033 96.3 97.5 385 | 375 73 7.6

Sakha 104 1.41 £50 § 025 | 026 91.2 934 323 | R0 8.4 89

LSD (5%) 008 | 007 | 008 08 5.7 4.2 1.1 1.0 0.3 0.2
B- N doses

0 088 | 097 | 015 | 0.18 57.70 624 210 | 232 52 58

2 doses 140 | 132 | 022 | 025 100.0 101.2 340 | 321 8.1 76

3 doses 148 1.38 | 026 | 031 1072 | 1057 ( 353 | 364 88 82

4 doses 158 { 161 | 033 ]| 037 127.6 125.0 478 | 48.0 94 9.6

LSD ( 5%} 0.5 06 | 008 | 0.07 9.3 10.8 7.5 8.7 0.5 0.7

AXB-F NS NS | NS NS * * NS NS . *
test

Data in Table (4) further indicated that nitrogen application
significantly increased N% in both grain and straw, consequently,
N uptake in both grain and straw compared with the control in
2003 and 2004. Furthermore, nitrogen application as four equal
doses yielded the highest N% and N uptake in both grain and straw
and protein content in rice grain in 2003 and 2004 seasons
compared with the other nitrogen doses. These results could be
attributed to the role of nitrogen in increasing amino acids content
and its role as a contributor to the bulk of plant tissues. (Bonner
1969). reported that amino acids content in the plant organs
depended on nitrogen levels in  plant nutrition, the more nitrogen
supply at heading period in rice plant, the more amino acids and
protein composed in plant leaves and the longer period the
chlorophyll molecules existed. So, the photosynthetic ratios
increased and also, the accumulated sugars and in particular -
sucrose and starch. Consequently, the metabolites synthesized by
the rice plant increased. Thompathon and Kelly (1957) clarified
that nitrogen was a constituent of amino acids and protein, tended
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to encourage the development of vegetative growth of the plant
and imported a deep green color of leaves.

Data in Table (4) indicated that a significant effect was
recorded due to the interaction between rice cultivars and split -
applied nitrogen on N uptake by grain Fig(7) and protein content
in rice grain Fig (8). The highest N uptake by grain was obtained
when H1 was fertilized with nitrogen as four equal doses while,
the lowest N uptake by grain was obtained when no nitrogen
fertilizer was applied to Sakha 104 rice cultivar. A similar trend
was detected in protein content in rice grain in both seasons.

Generally, it can be stated that hybrid rice cultivars had a high
efficiency in the utilization of nitrogen fertilizer than the inbred.
Also, split more applied nitrogen as four equal doses, increased
grain yield and its components in rice hybrids than two or three
doses. -
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