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Abstract

The present investigation was carried out at the experimental
farm of Rice Research and Training Center, Sakha, Kafer El-Sheikh,
Egypt during 2008 and 2009 seasons to study the physic-
morphological behavior of some rice genotypes under low and high
nitrogen application. Twenty one genotypes, 10 japonica/japonica,
6 japonica/indica japonica and five indica japonica/indica japonica
were tested under three different nitrogen levels i.e., 0, 75 and 150
kg N ha™ for ten traits: flag leaf area, chloraphyil content, days to
heading, panicle weight, no. of filled grains/panicle, no. of
panicles/plant, 1000-grain weight, grain yield t/ha, Grain yieid
efficiency index (GYEL) and nitrogen use efficiency (NUE). The
genotypes were divided into three groups i.e., japonica/japonica
(3/1), japonica/indica japonica (J/13) and indica japonicafindica
japonica (1J/D). Genotype No. 17 (GZ6296 x Gizal78 (I)/1])) and
genctype No. 19 {GZ6296 x Giza 178 (1J/1])) gave the highest
values of no. of filled grains/panicle and no. of panicles/hill under
low input of nitrogen. Giza177/5akhal01 and Gizal76/GZ6%44 (J/])
gave the highest grain yield under low input of nitrogen followed by
the genotypes derived from Gizal78/GZ6296 (1)/11).

Key Words: Rice, nitrogen, physio-morphological traits, low input,
NUE, GYEI.

INTRODUCTION

Rice (Oryza saliva L.) is one of the important food crops. It is grown in 154
miflion hectars’ world-wide in a wide range of environments. However, rice is the
principle food crop for more than half of the world's population. It is staple food in the
diet of the population of Asia, Latin America, and Africa. Nitrogen fertilizer is one of
the most important agronomic inputs and limiting factors realizing the potential rice
grain production in the world. Use of adequate nitrogen rate is important not only for
obtaining maximum economic return, but also to reduce environmental poliution.
Excessive nitrogen application can result in accumulation of large amounts of post
harvest residual scil N. Residual soil N may be available for subsequent crops in the
next season, but such N is highly susceptible to leaching during non-crop periods
(Fageria and Baligar 2003). It is important to achieve efficient use of nitrogen as
chemical fertilizers, not only through cultivation techniques, but also by breeding rice
varieties, which are characterized with high nitrogen use efficiency to reduce nitrogen
inputs from farming to the environment {Fageria et al. 2008, Sachiko et. a/ 2009).
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The objective of this'study was to determine the genotypes which give high
yieid under low nitrogen apblication.

'MATERIALS AND METHODS

The presént investigation was carried out at the farm of Rice Research and
Training Center, Sakha, Kafr El-Shelkh, Egypt, during 2008 and 2009 seasons to
compare the genetic behavior of twenty one rice genotypes (Table 1) selected from Fn
under different nitrogen levels (0, 75 and 150 kg N ha?). Nitrogen fertilizer was
supplied in the form of urea (46.5% N) in two equal splits, i.e., half as basal
incorporated into the dry soil immediately before flooding, followed by the second
dose 30 days after transplanting. Pre-germinated seeds were uniformly broadcasted in
the nursery on 5t and 8&‘ May of the two seasons, respectively. Twenty five day old
seedlings of each genotype were transplanted at 20 X 20 cm spacing with two
seedlings per hill. Plot size was 15 m2 All other agronomic practices were followed as
recommended during the growing seasons.

The genotypes were divided into three groups i.e., japonica/japonica (3/1),
japonicafindica japonica (J/IJ) and indica japonica/indica japonica (1J/13). The
parentage and variety group of genotypes are given in Table 1. The experiment was
laid cut in a split plot design in four replications, where varieties were represented in
the main plots, while nitrogen levels were distributed in sub plots. Al collected data
were subjected to statistical analysis following the procedure described by Gomez and
Gomez (1984) using the computer software (IRRISTAT).

Ten rice traits were recorded viz. flag leaf area {cm?) at heading, days to
heading, total chlorophyll content in the ﬂég leaf were recorded using chlorophyll
meter (SPAD-502 Minolta Camera Co. ltd., Japan) at heading stage, 7, 14 and 21 days
after flowering, no. of filled grains/panicle, panicle weight (g), no. of panicles/hill,
1000-grain weight {g), grain yield t/ha (grains adjusted to 14% moisture content),
grain vield efficiency index (GYEL) and agronomic nitrogen use efficiency (ANUE, kg
kg?). The cluster anal'ysis was carried out according to Rohlf,(2000).

Grain yield efficiency index (GYEI) was computed according to Fageria et al.
{1988) as follows:

GYEI (Yield at low nutrient level)/{Exp. mean at low nutrient level)

(Yield at high nutrient level) (Exp. mean at high nutrient level)
Nitrogen use efficiency (ANUE) was computed according to Saleque et af
{2004) as follows:
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NUE (Grain yield in fertilized pldt kg) - (Grain yield in unfertilized plot kg)

(Quantity of nutrient applied) kg
Tablel. Origin and parentage of tested genotypes selected from Fn generation.

Number | -  Parentage ' Origin | Variety Group

1 - | Giza176/Glza177 | Egypt Japonica/Japonica(Japonica)
2 Gizal76/Sakhal01 N Egypt | Japenica/Japonica{Japonica)
3 Giza176/GZ6379 Egypt Japonica/Japonica()aponica)
4 Gizal76/ GZ6944 Egypt . Japonica/Japonica{Japonica)
5 Giza177/Sakhal01 Egypt Japonica/Japonica(Japonica)
6 ‘ Glizal77/Sakhal02 - Egypt Japonica/Japonica(2aponica)
7 Sakha101/Sakhal03 Egypt Japonica/3aponica(Japonica)
8 Sakha101/Sakhal04 | Egypt Japonica/Japonica(Japonica)

"9 Sakhal01/GZ6906 Egypt _Japonica/Japonica(Japonica)
10 Sakha102/GZ6379 Egypt | Japonica/Japonica(Japonica)
11 Gizal?76/Gizal78 ‘ Egypt Japonica/Indic Japonica(l/J}
12 Giza178/ Sakha102 Egypt Japonica/Indic Japonica(l/J)
13 Sakhal01/GZ6296-1 . EgYDt Japonica/Indic Japcnica(l/)
14 Sakha101/GZ6296-2 | Egypt Japonica/Indic Japonica(l/J)
15 Sakha101/GZ6296-3 Egypt - | Japonica/Indic Japonica(l/J)

‘16 Sakha101/GZ6296-4 Egypt Japonica/Indic Japonica(l/J)
17 Giza178/GZ6296-1 . | Egypt. Indica Japonica/Indic Japonica(1/J)
18 Gizal78/GZ26296-2 Egypt Indica’ Japonica/Indic Japonica(l/J)
19 Gizal78/GZ6296-3 Egypt Indica Japonica/Indic Japonica(1/)
20 Gizal7B/GZ6296-4 Egypt Indica Japoriica/!ndic Japonica(¥/1}
21 Gizal78/GZ6296-5 Egypt Indica Japonica/Indic Japonica(l/J)

RESULTS AND DISCUSSION

Flag leaf area :( cm?)

Data in Table (2) indicated that the mean values of flag leaf area {cm?) were
significantly increased with increasing nitrogen levels from 0 up to 150 kg ha'. This is
mainly due to the fact that nitrogen is the major factor influencing leaf growth and it
affected average leaf size. These findings are supported by the results of Mhaskakr et
al. (2005).

Generally the increase in flag leaf area of japonica/indica japonica was higher
than japonica/japonica, mainly due to hybrid vigor resulting from crosses between
japonica and indica japonica (there are genetic diversity among them). However, no
significant differences were found between japonica/ indica japonica and indica
japonica/indica japonica. The promising lines 16 and 14 (3/13) recorded the highest
flag leaf area in the two seasons, indicating that these lines responded more to

applied -N.
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The japonica/indica japonica (I/1]) entries No. 11 and 14 recorded the highest
values of flag leaf area followed by the japonica/indica japonica (3/1]) promising line
No, 16 and the indica japonica/indica japonica (13/1J) entry No. 20 in the two seasons
of study. The J/1] genotypes gave values of flag leaf area higher than J/3 and 1J/1]

genotypes.

Table 2. Flag leaf area (cm2) at heading for 21 rice genotypes selected from Fn
generation as affected by nitrogen application in 2008 and 2009.

2008 2009
Genotype Nitrogen igvels kg ha* G Mean Nitrogen levels kg ha & Mean
0 75 150 0 75 150

b T5]
1 2453 | 2680 |31.23 | 2752 2436 | 2640 |3236 | 2771
2 2506 |3546 | 4143 | 33.89 2400 3663 | 4173 | 3378
3 2730 | 3220 |3836 | 3262 27.03 {3133 |37.23 | 3186
4 2763 | 3203 |3553 |31.73 2676 | 3130 | 3606 |[3137
5 24.46 | 2786 | 33.23 | 2852 24.43 | 27.53 | 3243 | 2813
6 2256 | 2566 | 2823 | 2549 2226 | 2536 | 2833 |2532
7 19.06 | 24.26 | 3346 | 2560 1926 | 2433 | 3216 | 2525
8 2130 (2373 | 2780 | 2427 2083 | 2236 | 27.03 | 2341
9 2573 | 3170 | 3623 | 3122 2530 | 3220 | 3496 | 30.82
10 2350 | 2853 {3550 | 29.17 2350 | 2840 | 3466 | 28.85
yn
11 2366 (3090 | 4736 | 33.97 2426 | 3046 | 4523 | 33.32
12 2100 | 2886 | 3210 | 27.32 2250 | 2506 | 32.66 | 26.74
13 3240 | 3683 | 4053 | 36.58 33.00 | 3640 | 40.03 | 36.47
14 3226 | 3693 | 4540 | 38.20 3246 | 3560 | 4550 | 37.85
15 30.23 3520 3833 | 3458 2633 13476 | 3830 | 33.3
16 3420 |39.06 | 43.36 | 38.87 3330 [ 3736 | 43.30 | 37.98
/D
17 30.80 | 3630 | 4050 | 35.86 2943 | 34.43 [40.26 | 34.71
18 27.10 | 3323 |3626 3220 2583 | 3130 | 3550 | 30.87
19 3083 | 33.60 | 4090 | 35.11 3113 | 3253 | 41.36 | 35.01
20 2636 | 4096 | 4360 | 3697 2583 | 41.00 | 4290 | 3657
21 30.20 | 3273 [3830 | 3374 2933 | 33.10 | 37.30 | 33.24
N- Mean 2667 | 3202 13751 2624 | 3128 | 37.11

L.S.D at 0.05 2008 2009

Nitrogen {(N) 0.78 0.49

Genotypes (G) 1,15 0.93

N X G Interaction 2.03 1.62
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In the two seasans of study, nitrogen doses had a significant effect on days to

heading (Table 3). Maximum days to heading was observed In the plots fertilized with

150 kg N ha! followed by75 kg N ha, while minimum days was observed in

unfertilized plots. Since application of nitrogen increases vegetative growth and make

the plant luxuriant, this in turn gets more days to heading. Days to heading differed

significantly among genotypes and varied from 94.67 and 94.78 days in genotype No.
10 (3/1) in 2008 and 2009, respectively, to 105.33 and 104.67 days in genotype No.
13 (J/13) in 2008 and 2009, respectively.

Table 3. Days to heading for 21 rice genotypes selected from Fn generation as
affected by nitrogen levels in 2008 and 2009.

2008 2009
Genotype Nitrogen levels kg ha? G Mean | —Nitrogen levels kg ha™ G Mean
0 75 150 0 75 150

3/3
1 95.0 97.0 95.0 97.0 96.0 | 96.6 99.6 97.4
2 1020 {1040 | 106.0 104.0 101.3 | 103.0 106.0 | 103.4
3 93.0 95.0 97.0 95.0 93.3 94.6 97.6 95.2
4 92.3 96.0 100.0 96.1 916 | 953 99.0 95.3
5 96.0 96.3 98.0 96.7 9%.6 | 96.6 99.0 97.4
6 98.0 1000 1§ 101.0 99.6 97.0 101.0 101.7 | 99.8
7 94.0 97.3 99.0 96.7 93.0 | 97.0 99.3 96.4
8 91.0 96.0 98.0 95.0 92.3 94.0 98.0 94,7
9 94,0 100.0 { 102.0 956 93.3 95.0 102.7 | 98.3
10 92.0 95.0 97.0 946 91.3 95.0 98.0 94.7
yn
11 93.0 95.3 97.0 95.1 92.6 95.0 97.3 95.0
12 94.0 95.0 96.0 95.0 936 | 9.0 97.0 95.5
13 102.0 [ 106.0 | 108.0 105.3 101.3 | 105.0 107.7 | 104.7
14 101.0 | 1043 { 106.0 103.8 1003 { 103.3 1053 | 103.0
15 98.0 101.0 | 103.0 100.7 97.3 100.0 102.0 | 99.7
16 99.0 104.2 | 107.0 1033 98.6 104.0 107.3 | 103.3
/13
17 100.0 | 102.0 | 105.0 102.3 1003 { 1013 1050 | 102.2
18 101.0 | 103.0 | 106.0 103.3 100.3 | 103.0 1050 | 102.8
19 100.6 | 102.0 | 105.3 102.7 100.0 | 102.3 1040 | 102.1
20 99.6 102.0 | 104.0 101.9 99.0 101.0 1033 | 101.1
21 99.0 100.0 | 102.0 100.3 96.0 100.0 101.0 | 99.0
N- Mean 96.8 99.5 101.7 964 | 99.2 101.7

L.S.D at 0.05 2008 2009

Nitrogen (N) 0.52 0.63

Genotypes (G) 0.99 1.34

N X G Interaction 1.72 2.31
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Chlorophyll content by SPAD at heading 7, 14 and 21 days aﬁ:'er heading:
Results in (Tables 4, 5, 6 and 7) showed that nitrogen fertilizer rates and B
genotypes had significant effects on chlorophyll content. The highest value of leaf
chlorophyll content was obtain_ed from 150 kg N ha! urea fertilizer. Among genotypes,
the J/) crosses had the"highest chlorophyll content compared with the other groups
where 1)/1) crosses recerded the lowest value of SPAD reading-in ieaQes at the four
stages. From the day ()_to’the day 21 after heading, leaf chlorophyll eehtent decreased
gradually at each leaf of Anitrogen levels 'in all genotypes. These results indicated that
the degradation for chle'rebh\/Il content was associated with leaf senescence: This is a
normal process in the f.g‘r'owt‘h cycle of rice. The degradation for i:hlo‘rophyll content
was faster in 1J/1] then the i/J_. - ' .
Number of filled gra"ihs per panicle -

Number of filled grains per panicle (Table 8) was significantly affected by both
nitrogeh fertilizer application and genotypes. Plants fertilized with 150 kg N ha
produced the highest number of filled grain per panicle, followed by plants which
received 75 kg N ha'. However, plants that didnt receive nitrogen gave the lowest
values of number of filled grai-ns per panicle.

It could be concluded that nitrogen fertilization {as a very important plant
nutrient) resulted in an increase in the amount of metabolites synthesized by .rice plant
and this, in turn, might account much for the superiority of number of filled grains per
panicle. These results were true in both seasons and are in good agreement with
those obtained by Khanda and Dixit {1995).

The tested genotypes of rice showed significant differences in number of filled
grains per panicle at the same treatment. Under the nitrogen contrg! plots, number of
filled grains per panicle ranged from 71.03 to 122.67 and from 61.00 to 118.67 in
2008 and 2009 respectively. The promising line No., 17 (11/1)) gave the highest
number of filled grains per panicle under nitrogen control treatments in the two
seasons of study, thus we can utilize this genotype in breeding pragram for low inpuit.
However, under fertilized plots, the promising lines No. 19 and 21 (1J/1)) were
superior in 2008 and 2009 respectively. In general, 1)/I) genctypes are the most
promising for low N input breeding program,

Panicle weight (g):

Panicle weight increased significantly by N application up to 150 kg followed
by plants fertilized with 75 kg N ha as in (Table 9).The lightest panicles were
obtained when no nitrogen was applied. The significant increase in panicle weight by
increasing nitrogen level ub to 150 kg N ha? is attributed to the increase in number of
filled grains per panicle. These findings agreed with Raghuwanshi et. a/. (2003).
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Paniclé weight was significantly varied among genotypes and varied from 2.74
and 2.67 g produced by genotype, No. 14 (I/1]J) in the two seasons of study
respectively to 3.87 and 3.69 g in 2008 and 2009 produced by promising lines No. 2
(3/3) and promising lines No. 11 (3/13), respectively.

Table 4. Leaf chiorophyll content SPAD at heading for 21 rice genotypes selected from
generation as affected by nitrogen levels in 2008 and 2009. .

2008 2009
Genotype N:—, en le;rsels kg ::‘; M:an N:)gggen Ie7vsels kg ::; | & Mean

3/3 ‘
1 4100 4400 | 4733 |44.11 | 4067 |4433 |4567 | 4356
2 4300 | 4500 (4800 4533 !41.00 |4533 | 4633 | 44.22
3 4200 | 4600 |4867 | 4556 |41.67 |4433 |4800 | 4467
4 4167 14500 |47.00 | 4456 |41.00 |4533 |46.00 | 44.11
5 41.00 |46.00 |48.00 4500 {4033 .{4500 | 4600 | 43.78
6 40.00 | 4400 |47.00 |4367 4100 |4500 |4600 | 44.00
7 4200 14500 (4800 |4500 |4333 |4333 |4767 | 4478
8 43.00 | 4500 |49.00 |4567 (4233 | 4467 | 4800 | 45.00
9 4200 | 44.00 | 4667 |4422 |4167 |4433 |48.00 | 4467
10 44.00 | 4500 | 4800 | 4567 4267 | 44.67 | 4633 | 4456
D -
11 41.00 | 43.00 4333 | 4244 |4133 |43.67 |4333 4278
12 41.00 | 4500 |4667 |4422 | 4167 | 4367 |4700 | 4411
13 41.00 | 43.00 [4600 |[4333 [4133 4233 {4500 | 42.89
14 4000 | 4400 | 4633 [4344 |4033 | 4267 |4533 | 4278
15 41.00 |44.00 [4600 [4367 |3933 |4233 4533 | 4233
16 4067 | 44.00 | 45.00 [ 43.22 | 42.00 | 4367 |46.00 { 43.89
/D
17 3600 |39.00 [43.00 |3933 [33.00 3800 |4333 |38.11
18 39.00 | 41.00 | 4400 {4133 |38.00 (4200 [4300 {4100
19 3800 |41.00 |4233 4044 |3500 |4033 |4167 | 39.00
20 3700 | 40.00 |43.00 [ 4000 | 3500 39.00 | 4133 | 38.44
21 3500 | 3667 ) 41.00 {3756 | 3433 |3733 |4000 {3722
N- Mean 4044 | 4332 {4592 39.86 | 42,92 | 4521

L.S5.D at 0.05 2008 2009

Nitrogen {N) 0.78 0.53

Genotypes (G) 0.99 1.44

N X G Interaction 1.76 2.45
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Table 5. Leaf chlorophyll content SPAD at 7 days after heading for 21 rice genotypes
selected from Fn generation as affected by nitrogen levels in 2008 and

2009.
2008 2009
Genotype Nitrogen levels kg ha™ Nitrogen levels kg ha™
G Mean G Mean
0 75 150 0 75 150
b 7B
1 34.00 38.33 43.00 [ 3844 32.33 36.67 | 43.33 37.44
2 36.00 41.00 44.00 | 40.33 34.00 41.00 | 41.67 | 38.89
3 34.00 42.00 45.00 | 40.33 31.00 41.33 | 44.67 | 39.00
4 37.33 41,67 44.67 | 41.22 3533 41.00 | 44.00 | 40.11
5 37.00 43.00 45,00 41.67 33.33 42.33 44,33 40.00
6 37.00 40.00 44,00 41.22 35.33 41,00 | 43.00 38.78
7 37.67 41.00 45.00 40.33 3533 40.00 4500 | 40.11
8 37.67 42.00 46.00 | 41.89 36.67 . | 41.33 ‘| 44.67 | 40.89
9 39.00 41.67 44.67 | 41.78 37.00 4167 | 4367 | 40.78
10 41.00 41.33 44,00 | 4211 40.00 41.67 | 42.00 | 41.22
3/
11 35.00 38.00 41,00 | 38.00 34.33 39.00 | 40.00 | 37.78
12 36.00 41,00 45.00 | 40.67 37.33 40.00 | 44.67 | 40.67
13 37.00 41.00 42.00 | 40.00 35.00 35.00 | 41.00 | 3833
14 32.33 35.00 43.00 | 38.11 29.33 38.00 | 41.00 36.11
15 35.33 39.00 43.00 39.11 34.33 40.00 | 41.00 | 38.44
16 38.00 41.00 41.00 40.00 36.33 40.67 42.00 39.67
/D
17 27.67 34.00 40.00 33.89 26.00 34.33 39.00 33.11
18 33.00 37.33 41.00 | 37.11 3333 35.67 | 41.33 36.78
19 3133 33.33 38.00 1 34.22 3233 34.00 | 36.00 | 34.11
20 30.00 35.00 38.00 34.33 27.00 34.33 35.00 32.11
21 28.67 31.00 38.00 32.56 26.33 33.33 { 3467 31.44
N- Mean 35.00 39.13 42.64 33.43 38.87 41.52
L.S.D at 0.05 2008 2009
Nitrogen {N) 0.34 0.34
Genotypes {G) 1.06 1.35

N X G Interaction 1.81 2.29
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Table 6. Leaf chlorophyll content SPAD at 14 days after heading for 21 rice genotypes
selected from Fn generation as affected by nitrogen levels in 2008 and

2009.
2008 2009
Genotype Nitrogen levels kg ha™ G Nitrogen levels kg ha™ G
0 75 150 | Mean 0 75 150 Mean

/]
1 29.00 133.00 |37.00 |33,00 j28.00 |33.00|38.00 33.00
2 28.00 38.00 41.00 | 35.67 | 28.00 38.33 | 41.33 35.89
3 . 27.00 31.00 39.00 | 32.33 | 26.67 31.33 | 38.33 32.11
4 31.00 36.00 42.00 | 36.33 | 30.00 35.67 | 41.00 35.56
5 25.00 | 36,00 |40.67 |33.89 |26.00 {3500 |40.00 33.67
6 31.33 35.33 38.00 | 34.89 | 25.00 33.33 | 37.00 33.11
7 29.00 37.00 41.00 ! 35.67 | 28.33 34.00 | 42.00 34.78
8 31.00 37.33 41.00 | 356.44 1 30.00 35.67 | 41.33 35.67
9 34.67 38.00 42.00 | 38.22 | 33.67 35.00 | 41.00 36.56
10 36,67 |37.67 |41.00 |38.44 |33.33 | 34.67 | 41.33 36.44
3/1
11 30.67 | 33.00 3533 {33.00 [31.33 | 34.00 | 33.67 33.00
12 31.33 38.00 42.00 | 37.11 |31.33 35.00 | 41.00 35.78
13 32.67 36.00 35.00 | 34.56 | 31.00 35.00 | 35.00 33.67
14 29.00 ]33.33 |38.00 |33.44 |27.00 |31.67 |37.00 31.89
15 32.00 33.67 37.67 | 34.44 | 31.67 33.67 | 35.00 33.44
16 33.00 36.00 38.00 | 36.67 | 32.00 34.00 | 36.33 34.11
13/1)
17 23.33 28.33 34.67 | 28.78 | 21.67 26,67 | 32.33 26.89
18 24.67 29.00 36.67 | 30.11 | 23.00 27.00 | 36.33 28.78
19 24.67 27.00 31.00 | 27.56 | 22.00 25.67 | 32.67 26.78
20 24.00 29.00 31.00 | 28.00 | 22.33 26.00 | 30.67 26.33
21 22.00 |26.67 |30.00 |26.22 |23.67 |23.00 | 30.00 25.56
N- Mean 25.04 33.78 37.71 28.10 32.27 | 37.21

L.S.D at 0.05 2008 2009

Nitrogen (N) 0.69 0.71

Genotypes (G) 1.04 1.39

N X G Interaction 1.083 2.40
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Table 7. Leaf chiorophyll content SPAD at 21 days after heading for 21 rice genotypes
selected from Fn generation as affected by nitrogen levels in 2008 and

2009.
2008 - 2009
Genotype Nitrogen levels kg ha Nitrogen levels kg ha™
0 75 150 | GMean 0 75 150 G Mean

33 7 .
1 18.33 2500 | 2767 | 2367 19.33 | 24.67 | 29.00 24.33
2 21.00 29.00 | 3167 |27.22 2267 | 28.00 | 30.00 26.89
3 19.33 26.00 | 3267 | 26.00 20.33 25.67 | 32.00 26.00
4 20.00 29.00 | 34.67 | 27.89 21.00 | 28.00 | 31.67 26.89
5 16.67 2500 | 3733 | 2633 16,33 | 24.67 | 36.67 25.89
6 23.67 26.67 | 3033 | 26.89 2033 | 2567 | 29.67 25.22
7 24.00 29.00 | 39.00 | 30.67 2433 | 27.00 | 36.00 29.11
8 28.00 3033 | 38.00 | 32.11 2500 {29.00 | 35.00 29.67
9 29.00 31.00 | 39.00 | 33.00 26.00 | 3233 | 36.00 31.44
10 28.00 31.00 | 38.00 | 32.33 25.00 | 31.33 | 35.00 30.44
jm
11 17.33 2333 | 2500 | 21.89 1933 | 21.00 | 26.67 2233
12 23.00 27.00 | 39.00 | 29.67 2367 | 2500 | 36.00 28.22
13 20.00 2767 | 3133 | 2633 21.00 | 2567 | 3267 26.44
14 20.00 2400 | 3233 | 2544 19.67 | 26.00 | 33.00 26.22
15 17.33 27.00 | 33.00 | 25.78 19.00 | 26.67 | 32.33 26.00
16 22.67 28.33 [ 33.00 | 28.00 23.67 | 26.00 | 31.33 27.00
/0 _
17 18.00 2233 | 2600 | 2211 14.00 | 22.00 | 24.00 20.00
18 16.33 21.67 | 29.00 ; 22.33 13.67 | 20.67 | 26.00 20.11
19 18.00 2000 | 25.00 | 21.00 1467 | 16.67 | 23.00 18.11
20 14.33 17.00 | 2500 | 18.78 16,67 | 1833 | 22.00 15.00
21 14,00 19.00 | 25.00 | 19.33 15.00 | 16.00 | 22.00 17.67
N- Mean 2043 2568 | 3200 2003 | 2478 | 3048

L.S.D at 0.05 2008 2009

Nitrogen (N) 0.21 1.19

Genotypes (G) 1.39 1.33

N X G Interaction 2.35 2.40
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Table 8. Number of filled grains per panicle for 21 rice genotypes selected from Fn
generation as affected by nitrogen levels in 2008 and 2009.

2008 2009
Genotype Nitrogen levels kg ha™ Nitrogen levels kg ha™
0 75 5o | GMean | 75 159 | ©Mean

343
1 8433 [ 11267 | 168.67 | 121.89 88.33 | 115.00 | 167.67 | 123.67
2 109.00 | 134.33 | 163.33 | 135.56 104.00 | 133.67 | 166.33 | 134.67
3 89.00 | 126.00 | 14433 | 119.78 83.00 {12533 | 143.00 | 117.11
4 107.33 | 140.67 | 174.67 | 140.89 10500 | 144.33 | 182.67 | 144.00
5 71.033 | 13433 | 154.67 | 120.11 61.00 | 13567 | 150.67 | 115.78
6 110.67 [ 130.00 | 147.67 | 129.44 112.67 {129.33 | 143.00 | 128.33
7 80.33 | 111.67 | 143.33 | 111.78 75.00 | 107.67 | 136.00 | 106.22
8 104.00 | 123.67 | 159.33 | 129.00 101.67 { 126.00 | 160.67 | 129.44
9 101.67 | 112.00 | 154.00 | 122.56 97.67 | 115.00 | 155.00 | 122.56
10 95.33 | 123.00 | 143.67 | 120.67 89.00 | 123.67 | 143.33 | 118.67
kTl
11 93.33 | 160.00 | 172.00 | 141.78 89.33 | 161.00 | 171.67 | 140.67
12 109.67 | 130.67 | 157.00 | 132.44 113.00 { 130.67 | 156.67 | 133.44
13 102.33 | 13633 | 139.67 | 126.11 103.00 { 133.00 | 138.67 | 124.89
14 82.00 | 125.00 | 155.00 | 12067 88.00 | 12433 | 15333 | 121.89
15 96.00 | 13500 | 163.00 | 131.33 92,67 | 139.33 | 164.67 | 132.22
16 81,67 1 112.67 | 160.00 | 118.11 80.00_ ! 116.00 | 16533 | 120.44
/D
17 122.67 | 137.67 | 17533 | 145.22 11867 | 139.67 | 169.67 | 142.67
18 116.00 | 142,67 | 167.67 | 142.11 116,00 | 137.67 | 168.33 | 140.67
19 104.33 [ 15633 | 18833 | 149.67 105.67 | 155.33 | 174.67 | 145.22
20 11633 | 131.33 | 184.00 | 143.89 11500 { 133.00 | 172.67 | 140.22
21 113.33 |} 145.33_ | 180.00 | 142.22 111.00 ! 148.00 | 178.67 | 145.89
N- Mean 9956 J 131.49 | 161.70 97.60_ | 132.08 | 160.13

L.S.D at 0.05 2008 2009

Nitrogen (N) 3.97 2.68

Genotypes (G) 6.03 4.63

N X G Interaction 10.58 8.05
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Table 9. Panicle weight (g) for 21 rice genotypes selected from Fn generation as
affected by nitrogen levels in 2008 and 2009,

2008 2009
Genotype Nitrogen levels kg ha* G Nitrogen fevels kg ha™? ¢
0 75 150 Mean 0 75 150 Mean

/3
1 2.80 1.50 393 3.41 2.23 337 3.73 3.1
2 3.00 3.67 4.93 3.87 273 3.60 4.70 3.68
3 203 2.90 4.83 3,26 193 333 4,27 3.18
4 1.90 3.20 3.70 2.93 1.80 23 3.60 2.88
5 1.80 3.00 3.77 2.86 1.67 283 4.00 2.83
6 2,50 3.23 3.83 3.19 2,13 320 3.77 3.03
7 2.00 3.30 4.00 3.10 217 3.23 4.07 3.16
8 2.80 3.63 4.80 3.74 2.53 3.63 4.50 3.56
9 2,30 3.13 3.77 3.07 217 3.20 3.87 3.08
10 2.20 3.10 4.10 3.13 2.03 3.10 3.97 3.03
J/o
11 297 3.77 4.77 383 270 3.70 4.67 3.69
12 2.50 3.17 373 313 230 3.3 3.60 3.04
13 2.00 3.10 4.80 3.30 233 313 4.60 3.36
14 217 270 3.37 2.74 2.10 2.70 3.20 2.67
15 2.70 3.20 4.67 3.52 2,53 3.37 4,53 3.48
16. 2.60 3.40 4.40 347 2.40 3.30 4.07 3.26
/1
17 2.70 3.63 4,77 3.70 2.50 3.70 4,73 3.64
18 233 3.70 4.80 3.61 213 3.27 4.80. "3.40
19 2.90 3.87 4.50 376 2.53 3.60 4.67 3.60
20 2.97 3.40 5.00 3.79 3.03 3.43 4.97 381
21 2.70 3.63 5.00 3.78 2,5G 3.70 4.97 3.72
N- Mean 2,47 3.34 4.36 231 3.33 4.25

L.S.D at 0.05 2008 2009

Nitrogen (N) 0.10 0.14

Genotypes (G) 0.24 0.21

N X G Interaction D.41 0.37
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Number of panicles per hill

A significant positive effect on the number of panicles per hill of the rice
entries was observed from the application of nitrogen fertilizer (Table 10). The
application of nitrogen fertilizer at the rate of 75 or 150 kg N ha ' increased number of
panicles per hill over the control. The effect of nitrogen application on number of
panicles per m? attributed mainly to the stimulation effect of nitrogen on effective
tillers formation. These findings are consistent with those reported by Ebaid and
Ghanem (2000), Chopra and Chopra (2004) and Singh ef. /. (2004).

Genotypes differed significantly in the number of panicles per hill under ali
nitrogen levels in the two seasons of the study. The genotypes No. 17 (I)/1J), 19
(L/D), 21 (1/13), 7 (3/3) and 16 (3/13) produced the greatest number of panicles per
hill in the first season while in the second season the greatest number was recorded
by promising lines No. 21 (1J/12), 17 (1J/11), 18 (1)/11), 6 (3/3}, 7 {J/1) and 16 (3/11).
1000-grain weight (g):

Resulted in (Table 11) revealed that application of nitrogen significantly
decreased the 1000-grain weight. Thus, the highest values of 1000-grain weight
appear when nitrogen was not applied. This is mainly due to the higher number of
spikelets per panicle in plants received nitrogen at any of the rates than those did not
received any nitrogen. So the sink capacity Is high and the source is limited, therefore,
the filling of grains will be more consequently the weight of grains will be high. These
findings are in agreement with those reported by Lai ef a/ (1995), Xu and Zhou
(1999) and Singh et. a/. (2004).

Grain yield (t/ha):

Grain yield was significantly varied among nitrogen leveis and genotypes. The
application of nitrogen fertilizer up to 150 kg N ha! increased rice grain yield in all
genotypes in the two seasons of study (Table 12). Grain yield, in fact, is the out-
product of its main components. Any increase in one or more of the components
without decrease in the others will lead to an increase in grain yield. Therefore, the
increase in grain yield due to applying nitrogen was the logical result due to achieving
increase in yield components, i.e., number of panicles per hill and number of filled
grains per panicle. Similar trend was found by Ebaid and Ghanem (2000), Chopra and
Chaopra (2004), Singh et al (2004) and Mhaskar et al (2005). The promising line No. 19
(1J/11) gave the highest grain yield in the two seasons of study. The yield of genotypes
No. 17 (13/1)) and No. 21 (13/1]} were statistically similar to that of line No. 19 /1y
in 2008 season only. Under the nitrogen control plots, the promising line No. S (3/J)
gave the highest grain yield (9.04 and 8.93 t ha! in 2008 and 2009, respectively).On
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the other hand, this genotype yielded 10.97 and 10,79 with 75 kg N ha™, as well as,
12.25 and 11.78 with 150 kg N ha™ in the two seasons of study.
Generally the 1J/IJ crosses gave the highest grain yield foilowed by J/]

crosses, while, 3/1) crosses gave the lowest grain yield, This is mainly due to the

genetic diversity among them.

Table 10. Number of panicles per hill for 21 rice genotypes selected from Fn
generation as affected by nitrogen levels in 2008 and 2009.

2008 2009
Genotype Nitrogen levels kg ha™ G Nitrogen levels kg ha™
0 75 | 150 | mean | O 75 | 1so | GMean

N _
1 1567 ] 2000 |22.00 1922 {1500 |19.00 |2133 | 1844
2 16.00 18.33 21.67 18.67 15.00 17.67 | 20.33 17.67
3 16,33 | 19.00 | 20.33 18.56 17.00 18.00 | 21.00 1} 18.67
4 1667 | 2000 |23.00 [1989 | 1667 | 1967 | 2267 | 19.67
5 17.67 | 20,67 | 23.33 20.56 18.33 2000 [ 23.00 | 2044
6 1667 | 2000 | 2100 {1922 {1600 |19.00 2200 |19.00
7 1833 | 21.00 24.00 21.11 17.00 20.67 | 23.00 | 20.22
8 18.00 [ 19.00 {2200 |19.67 | 1833 | 2000 | 2133 | 19.89
9 15.00 | 19.00 | 2100 | 1833 [17.00 {1867 | 20.00 ! 18.56
10 1633 | 1900 }21.00 |1878 |1567 |1833 | 2167 | 18.56
3D
11 1633 | 1900 | 2200 1911 |1767 | 2000 | 2267 | 20.11
12 1733 [ 2000 | 2167 {1967 |1667 | 19.00 | 2267 | 19.44
13 18.67 | 20.00 | 22.00 20.22 17.00 - | 20.00 | 22.33 19.78
14 1633 | 1967 }2133 | 1911 [ 18.00 {2000 |21.00 {19.67
15 1600 | 19.00 | 2100 | 1867 | 1567 ]2000 | 2000 | 1856
16 1700 | 22.00 |24.00 }21.00 |1667 ]21.00 }23.00 | 2022
/0 '
17 17.67 | 22,00  25.00 21.56 18.33 2100 | 23.00 1§ 20.78
18 17.33 | 2100 | 2300 |2044 |1667 | 2033 |23.00 [ 2000
19 17.00 | 2033 | 2400 | 2044 | 17.67 | 19.67 | 22.67 | 20.00
20 1667 | 1967 {2200 | 19.44 {1600 | 1900 |21.00 | 1867
21 17.67 | 21.00 | 2400 | 2089 [ 1900 | 20.00 } 2400 | 21.00
N- Mean 1689 | 19.98 | 22.35 1692 | 19.57 | 2198

L.S.D at 0.05 2008 2009

Nitrogen (N) 0.23 0.60

Genotypes (G) 1.14 1.19

N X G Interaction 1.94 2.06
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Table 11. 1000~ grain weight for 21 rice genotypes selected from Fn generation as
affected by hitrogen levels in 2008 and 2008.

2008 2009
Genotype Nitrogen levels kg ha™’ Nitrogen ievels kg ha?! G
0 75 150 [ GMean [ 4 75 150
Mean
313
1 26.33 25.00 21.00 | 24.11 2570 | 2433 | 21.00 23.68
2 28.67 26.67 2400 | 26.44 28.00 | 26.00 | 24.67 26.22
3 29.67 27.00 2400 | 26,89 29.00 | 26.00 | 23.33 26.11
4 26.67 25.00 21.33 | 24.33 26.00 | 2467 | 21.00 23.89
5 28.67 26.00 2400 | 26.22 28.00 | 25.67 | 23.33 25.67
6 29.67 28.67°° | 2500 | 27.78 20.00 | 27.00 .| 25.00 27.00
7 28.33 26.00 2400 | 26.11 28.00 | 25.00 | 23.67 25.56
8 31.00 28.033 ] 25.00 | 28.11 20.67 | 27.00 | 24.67 27.11
9 27.67 25.00 22.00 | 2489 28.00 | 24.67 | 20.33 24.33
10 25.00 24.33 19.00 | 22.78 25.00 | 2300 | 1833 2211
3o
11 27.67 25.67 23.00 | 25.44 27.00 | 2500 | 2267 24.89
12 24.00 24.00 21.00 | 23.00 25.00 | 2267 {2033 2267
13 27.00 24.00 20.00 | 23.67 26.00 ] 23.00 | 19.67 22,89
14 26.00 23.00 1900 | 2267 25.00 [ 23.00 | 18.00 22.00
15 25.67 24.00 1800 | 2256 2500 | 24.00 | 17.00 22.00
16 26.33 25.00 21.33 | 24.22 27.00 | 2467 | 20.33 24.00
D/
17 25.67 24.00 23.00 | 24.22 26.00 | 2433 | 22.00 24,11
.18 25.67 2433 2233 | 2411 25.00 | 23.00 | 22.00 23.33
19 28.00 ° | 24.67 2267 | 25.11 26.00 | 2467 | 2267 24.44
20 '25.33 23.00 2033 | 22.89 24.00 | 2367 | 20.67 22.78
21 28.33 25.00 2233 ) 25.22 2700 | 2533 | 21.33 24.56
N- Mean 27.21 25.18 22.02 2664 | 2460 | 2152
L.5.D at 0.05 2008 2009
Nitrogen (N) 0.49 0.46
Genotypes (G) 0.83 1.01
N X G Interaction 1.44 1.74
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Table 12. Grain yield (t/ha) for 21 rice genotypes selected from Fn generation as
affected by nitrogen levels in 2008 and 2009,

2008 2009
Genotype Nitrogen levels kfﬂ" | _Nitrogen levels kg ha? | G
0 75 150 | GMean 75 150 | o an

/3
1 6.59 1097 | 1313 | 10.23 6.30 1091 | 12.89 10.03
2 5.72 9.86 1266 | 9.41 5.48 922 | 1155 8.75
3 525|875 | 1184 |86 543 | 858 |11.20 | 840
4 8.81 1085 | 1248 | 1071 7.64 10.79 | 12.37 10.27
5 9.04 1097 | 1225 | 1075 8.93 1079 | 11.78 10.50
6 6.01 9,33 11.08 | 8.80 5.89 9.39 | 10.79 8.69
7 5.66 8.81 1114 [ 854 | 583 863 | 1079 | 842
8 7.29 1050 {1225 | 10.01 7.35 992 (1190 |9.72
9 6.01 9.33 1091 | 8.75 5.72 9.16 | 10.50 | 8.46

10 5.48 7.64 9.86 | 7.66 5.60 7.53  |9.10 7.41
3/0
11 5.08 8.81 1050 | 8.13 4.73 840 | 10.15 7.76
12 4,96 7.64 10.03 | 7.54 4.38 723 | 9.63 7.08
13 5.76 7.58 910 | 7.49 5.60 7.8 | 9.04 7.27
14 5.08 6.77 881 | 688 4.90 671 | 881 6.81
15 5.48 7.47 | 1045 | 7.70 5.60 712 | 9.2 7.31
16 6.07 8.05 1097 | 8.36 5.89 7.58 | 10.38 7.95
D/n
17 7.88 1091 | 1388 | 10.89 7.18 1015 | 13.71 10.34
18 7.29 10.27 | 13.65 | 10.40 7.41 1021 | 1271 10.11
19 7.64 1138 | 1423 | 11.08 7.23 1120 | 1429 10.91
20 6.65 1085 | 13.07 | 10.19 7.35 10.62 | 13.18 10.38
21 7.82 11.03 {1412 | 10.99 7.29 1085 | 13.48 10.54
N- Mean 6.46 9.42 1172 6.27 9.15 11,31

L.5.D at 0.05 2008 2009

Nitrogen (N) 0.22 0.14

Genotypes {G) 0.29 0.30

N X G Interaction 0.51 0.51
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Grain yield efficiency index (GYEI):

The Grain vield efficiency index helps to separate genotypes into high-yielding,
stable, nutrient efficient genotypes and low-yielding, unstable, nutrient inefficient
genotypes. Tolerant genotypes have a GYEI of 1 or higher response. The susceptible
or nutrient inefficient genotypes have a GYIE in the range of 0 to (.50 and the
genotypes between these two limits are considered intermediate types (Fageria et al.,
1988, Fageria, and Baligar, 2003). Data in (Tabie 13) indicated that the genotypes No.
1, 4, 5 and 8 (J/]) and genotypes derived from crossing between Gizal78/GZ6296
gave more than unity of GYEL This indicated that these genotypes should be classified
as tolerant, high-yielding, stable and nutrient efficient genotypes. While the other
genotypes gave intermediate values. There are wide variations in GYEI among
genotypes under low and high nitrogen condition. The results provide under low soil
fertility conditions or for sustainable agriculture using different fertilizers.

Nitrogen use efficiency (NUE):

The nitrogen use efficiency can be defined as the maximum economic yield
produced per unit of nitrogen applied, absorbed or utilized by the plant to produce
grain and straw. However, in the literature, nutrient use efficiency has been defined is
several ways. Nitrogen use efficiency (ANUE) is one of the most important nitrogen
use efficiencies. ANUE were from 21.07 to 61.47 kg kg™'(Table 13). Generally NUE
decreased with increasing N rate. Similar results are reported by Saleque et al (2004)
and Xie et al (2007). The tested genotypes showed a wide variation in NUE, The
highest NUE was obtained with promising line No. 1 (3/]) and the lowest with
genotypes No. 13 (1J/1J) and No. 5 (3/]).

Clustering rice genotypes:

Cluster analysis was carried out using the mean values of all traits studied for
the 21 genotypes. The genctypes were grouped into four main clusters (Fig 1.).
Cluster I consisted of 8 indica/japonica type genotypes, {promising lines No, 18, 19,
21, 20 and 17) as sub clusters indicating high similarity among them, while the lines
no. 11 (J/12), No.4 (3/1) and No.2 (3/1) cluster together in the first group. Cluster II
consisted of six rice genotypes, 15, 16, 14, 13 (J/1J) and the line No.10 (J/]) and No.5
{3/]) type. On the other hand the cluster 1V consisted of six rice genotypes, included
one rice variety (J/1}) type No.12, the other S genotypes of (J/]) type. These
classification by cluster analysis corresponded to genotypes characteristics The
varieties in cluster I aiways had an increase grain yield with an increase in nitrogen
application, also these genotypes had the highest values of grain yield efficiency index
and nitrogen use efficiency (Table 13).
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Table 13. Grain yield efficiency index GYEI and agronomic Nitrogen use efficiency
ANUE (kg kg™) for 21 rice genotypes as affected by nitrogen levels in 2008

and 200S.
GYEI ANUE
2008 2009 2008 2009
Genotype Nitrogen levels kg ha™
75 150 75 150 75 150 75 150
1/3
1 1.19 1.14 1.20 1.15 58.40 43.60 61.47 43.93
2 0.93 0.96 0.88 0.89 55.20 46.27 49.87 40.47
3 0.75 0.82 0.81 0.86 46.67 4393 42.00 38.47
4 1.57 1.45 1.44 1.33 27.20 24.47 42.00 31.53
5 1.63 146 1.68 1.48 25.73 21.40 24.80 19.00
6 0.92 0.88 0.96 0.90 4427 33.80 46.67 32.67
7 0.82 0.83 0.88 0.89 42.00 36.53 37.33 33.07
8 1.26 1.18 1.27 1.23 42.80 33.07 34.27 30.33
9 0.92 0.87 0.91 0.85 4427 32.67 45.87 31.87
10 0.69 0.71 0.74 0.72 28.80 29.20 25.73 23.33
1/
11 0.74 0.70 0.69 0.68 49.73 36.13 48.93 36.13
12 0.62 0.66 0.55 0.59 35.73 33.80 38.00 35.00
13 0.72 0.69 0.70 0.71 24.27 22.27 21.07 22.93
14 0.57. 0.59 0.57 0.61 22.53 24.87 24.13 26.07
15 0.67 0.73 0.69 0.73 26.53 31.13 20.27 24.13
16 0.80 0.88 0.78 0.86 26,40 32.67 22.53 29.93
/0
17 141 144 1.27 1.39 40.40 40.00 39.60 43.53
18 1.23 1.31 1.32 1.33 39.73 42.40 37.33 35.33
19 1.43 1.44 1.41 1.46 99.87 43,93 52.93 47.07
20 1.19 1,15 1.36 1.37 56.00 42.80 43.60 38.87
21 1.42 1.46 1.38 1.39 42.80 42.00 47.47 41.27
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Fig. 1. Hierarchical cluster analysis based on all studied characters for the
21 rice genotypes select from Fn generation.
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