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Abstract

A two-year experiment was carried out on rice (Dryza sativa L.), during
2006 (SI) and 2007 {S82), at the Rice Research and Training Center (RRTC) at
Sakha, Kafr El-Sheikh Governorate, Egypt. The trail included three factors, viz.
irrigation intervals (6 "1-6", 9 "1-9" and 12 "1-12" days), three rice cuitivars
(Sakha 101"Sk-101", Sakha 103 "Sk-103" and sakha 104 "Sk-104") and three plant
trans spacing (I5x 15 "PSI", 15x20 "PS2" and 15x25 "PS3" cm). A split-split'plot
design was used. Experimental plot area was 15 m’. Eight traits were studied.
Water use efficiency was estimated. Simple correlation coefficients were
calculated. Curve estimation was performed too. The obtained results in both
seasons showed the following: Significant differences were detected on all traits as
respects the studied three factors. Concerning irrigation effect, a general trend was
observed in most traits, where the 1-6 significantly exceeded 1-9 which surpassed
1-12. An opposite trend was observed with sterility% and 1000 grain weight. The
highest grain yield/fed. was 4.52 in S1 and 4.17 ton in S2. Among cultivars, Sk-
101 was the superior one in most cases followed by Sk-103 then Sk-104, such
‘superior cultivar yielded 4.27 and 4.23 ton grain/fed. in S1 and S2, respectively.
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Sakha-104 gave the pronounced straw yield/fed., viz 9.85 ton in SI and 9.04 ton in
S2. According to spacing, the narrowest one 15x15 cm "PSI” out yielded the other
two spacings. Such superior spacing treatment produced 4.49 and 4.12 ton/fed. in
S1 and 82, respectively. The 1000 grain weight was the highest when planting was
done at wider spacing (15x25 cm).

For first order interactions,'signiﬁcancy was shown with irrigation x
cultivar in four traits including grain yield/fed. The combination 1-6xSk-101
yielded 5.31 in S1 and 4.74 ton/fed in S2. For irrigation x spacing interaction,
significant differences were obtained also in the same four traits previously
mentioned, with minor deviation. The (1-6xPSI) yielded the pronounced grain
yield/fed., viz 5.59 in S1 and 4.62 ton in S2. The first order interaction showed its
highest significant grain yield by Sk-101xPS! which yielded. 5.28 in SI and 4.69
ton/fed. in S2. The second order interaction showed insignificant effects with all
aspects.

Water use efficiency was significantly affected by the three main factors
and the first order interaction irrigation x cultivar only. The pronounced treatments
previously mentioned produced the highest WUE. Correlation was highly
significant in all aspects. It was positive in most cases. However, the correlation of
sterility % and 1000 grain weight with other traits was negative. Curve estimation
illustrated that the relation between grain yield and total applied water was a
quadratic one in both seasons.

Key words: Rice , Irrigation Cultivars, Plant Spacing, Yield and Yield

Components.
INTRODUCTION

In Egypt, conventional irrigation method of rice consumes greater
water, putting rice in the first demand among summer crops, sugar cane,
maize and cotton. The high demand by rice lies in high water applying/fed.,
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i.e. more than 6000 m” as well as the increased rice cultivated area which
exceeded 2.0 million fed., in the last few years .

The total high water use by rice causes certain difficulties which
negatively affect yields of summer thirsty crops. FAO STAT, (2005) stated
that the Egyptian total consumption, production and export of milled rice
were 3.28, 3.74 and 1.07 million ton, respectively. Egypt is mainly
depending on water from River Nile (55.5 Milliard m’ yearly). Rice alone
consumes about 25% of such water. No doubt, the Government lightly
intends to reduce rice growing areas by almost 50% of its current area, as a
wise step to achieve better water management .

| The successful fit policy of water saving depends on some factors,
including lengthening irrigation interval, use of early rice cultivars and good
weed control. Several researchers showed that rice can normélly grow with
high yield under shallow water depth than under deep one, In this respect,
Mosalem et al, (1998) Abou Khalifa, (2001) and EI-Sharkawy et al. (2006)
reported that continuous flooding irrigation every three days resulted in
highest grain yield without significant difference with irrigation every 6
days. Egyptian rice cultivars produced higher yield when water control of
soil is kept near saturation throughout the growing season (2005).

Irrigation interval was prolonged in the assay of Abou Khalifa etal,
(2001) to 4:7 days. They concluded that such interval surpassed the others in
the term of grain yield production. The interval of 6-days gave reasonable
production of rice grain and most of its components. as mentioned by
Ibrahim et al, (1988 and 1995) Mosalem et al, (1998) El-Kalla et al, (2006)
as well as El-Bably er al, (2000). On the other hand. lengthening irrigation
interval over 6 days considerably reduced grain yield and most of yield
components. Prolonging irrigation interval causes a degree of water stress.

which is considered, in studies of Vivekananglan‘ et al, (2005) and Sarvestani
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et al, (2005), as negative effects on grain yield. Water stress begins through
8-12 days. However, some investigators estimated water stress after 8 days.
El-Refaee et al, (2005) 9 and 12 days. Mosalem et al, (1998) and 10 days.
In addition. Nour ef al, (1994) considered [2-day interval as the successful
procedure to save water without remarkable reduction in grain yield .

The cultivars are the pass word of pronounced crop production.
expressing different phenotypes. Such differences characterize the cultivar
to be more suitable for certain purpose than other one. Several rice cultivars,
with different ideal types spread all over the world. Thereafter, it could be
expected that the rice varietal variation was detected in many studies.
Generally such variation is attributed to the different genetic structure,
however the hybrids vary than inbreds, (Gautam et al, 2005 and Mishra et
al, 2005) . Sbme authors attributed varietals variation to crop duration,
Nayak and patra, 2000. In contrast, varietais' variation was absent in the
assay of Kadum et al, (2008) and Sarvestani et al, (2008). Some studies
confirmed the superiority of Sk-IOI over Giza 177. In addition, Abd El-
Maksoud, (2008) pointed out that Sk-103 and Sk-104 RRTC (2000) out
yielded Sk-104 in respect of yield and most yield components. Oppositely.
Sk-104 exceeded Sk-103 in its yield, EI-Reface ef al(2004) as well as Fawzi
and Badawi (2006) .

Plant spacing had a significant role on irrigation regime. Wider
spacing increases the evaporation from the soil surface and consequently
increases evapotranspiration. It may also enhances the growth of
accompanied weeds which consume water as or higher than rice itself.
Varying reports on the effect of spacing show its dependence on some
factors including cultivar (tillering ability) and soil fertility. The wider
spacing, (20x20 cm) and more were recommendable in many studies. of
them Gupta and Sharma, (1999), Mishra et al, (2005) as well as Sultan and
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Kaleem (2008). Oppositely. many investigators believed in the value of
narrower spacing (15x15 cm) and less. The list of such believers includes
Zayed et al (2005) and Salem (2006) .

The interaction between irrigation and varieties is a good
establishment as was observed in the studies of Singh and Choudhury
(2007). In Egypt. Abou El-Hassan er al, (2006) found insignificant
interaction between irrigation and cultivars. Oppositely. El-Refaee er al,
(2004) found positive interaction between 3-day interval and both Sk-101
and Sk-104. Abou EI-Hassan et al, (2006) found similar interaction between
6 days interval and Sk-101 cv. He added that such effect saved 8.6% of
iigation water. El-Kalla er al, (2006) pointed out that Sk-I04 cultivar ‘was
more tolerant to prolongirfg irrigation interval .

As regards the interaction between cultivar and spacing. Lourduraj,
(1999) reported that the yield of low tillering cultivar declined as plant
spacing increased from (15x15 to 25x25 ¢m) and in reverse. He added that
medium duration cultivérs achieve maximum yield by (20x10 cm) spacing.
With this point, Nayak and Patra. (2000) found that a cultivar with 100 days
duration requires (10x10 cm) spacing. While a cultivar with 135 days
duration needs a spacing of (15x10 cm). khawshi et al, (2009) concluded
similar trends. Also, Badawi and Ghanem. (2004) reported that plant
spacing depended upon the variety and its tillering ability. However a
variety with low ability can grow in narrow spacing and inverse. In addition.
Guatam et al. (2005) and Mishra et al, (2005) feported that a certain variety
needs certain spacing .

The current study aimed to investigate the effect of irrigation
intervals, spacing of transplanting on the yield and some yield components
of three newly rice cultivars. The final target was to develop a combination
among the three factors giving good features and high rice yield .
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MATERIAL AND METHODS

A two-year experiment was running in Rice Research and Training
eenter (RRTC) Sakha, Kafr El-Sheikh Governorate. Egypt in 2006 (S I) and
2007 (S2). The study involved three rice cultivars, three irrigation intervals

and three trans plant spacing .
In both seasons, samples for soil analyses were taken from the layer

0.0-30.0 cm depth. Such samples were tested in the laboratory, according to
Black, (1965). The chemical and physical properties of the soil are presented
in (Table. 1).

Table 1: Some chemical and physical properties of soil, average over the

two $easons.

Chemical analysis Physical analysis
pH 8.1 Available K (ppm). 412.50 Sand % 12.95
EC ds/m 20 Availabie Zn (ppm). 0.85 Silt % 32.90
Organic matter% 1.9 Available Fe (ppm). 245 Clay % 34.15
Available N (ppm). 17.0 Available Mn (ppm). 335 Soil Texture Clay
Available P (ppm). 16.5

Treatments : Three irrigation intervals, three cultivars and three plant

spacing were tested as follows :

A- Irrigation intervals: B- Cultivars : C- Plant spacing :
1- [rrigation every 6 days, 1-6 1- Sakha 101, SK-101. 1- (15 x 15 cm). PSL.
2- Irrigation every 9 days, 1-9 2- Sakha 103, SK-103. 2- (15 x 15 cm). PS2.
2- Irrigation every 12 days, 1-12 | 3- Sakha 104, SK-104. 3- (15 x 15 cm). PS3.

Experimental Design: A split-split plot design with three replicates was
used. The main plots were devoted to irrigation intervals. the sub-ones were
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occupied by cultivars. while spacing were distributed at the sub-sub plots.
Randomization was considered in all cases, Plot area was 15.0 m’ (3x5)m.
Agricultural Practices: In both seasons. preceded crop was Egyptian
clover. Seedbed of the nursery. area of 350 m” for 1 fed. (I fed. = 4200.78
m?) was well prepared and fertilized with calcium super phosphate (15.5%
P,05) at 100 kg/fed. before ploughing. Rice commercial grains of the three
cultivars were soaked in running water for 48 hr., then incubated for another
48 hr. Before seeding, 10 kg/fed. of zinc sulphate were added. Seeds were
handly broadcasted in the nursery on April 20", at 60 kg/nursery. At 7 days
age, weeds were chemicalty controlted by Saturn 50% (Thiobencarb) at 2
litres dissolved in 100 litres of water/fed. and sprayed by a knapsack sprayer.
Two weeks after sowing, a rate of 40 kg N/fed. was added at once as urea
(46% N). Before transplanting, permanent field was well prepared. calcium
super phosphaie 15.5% P,Os at rate 100 kg/fed. was added to the soil before
ploughing. Flushing irrigation was done. Nitrogen as urea (46% N) was
applied in two rates, two-thirds in dry soil before transplanting and the
remainder third at panicle initiation. Transplanting of seedlings from
nursery to permanent field was done 25 days after sowing. Planting was
spaced at the tested spacing. as three plants/hill, After four days, weeds were
controlled by Saturn 50% as previously mentioned. Irrigation was withheld
15 days before harvest. Harvest was carried out according to each cultivar
duration. All remainder agricultural practices were carried out as usual . |

The tested three cultivars are characterized as short grain, resistant to
~ blight disease and 72% milling. Such cultivars differ in grain yield (more
than 5.0. 4.0-4.5 and 4.0-5.0 ton/fed,) and to maturity time (135. 125 and
135 days), for Sk-101. Sk-103 and Sk-104, respectively .
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Irrigation discharge was adjusted by using triangular weirs (V
notch). The height of flowing water was fixed at 30 cm. Water discharge
was counted according to the equation of Hansen et al (1980) as follows :
Q=0.0138 X h** x 3.6 where :

Q= Water discharge. m'hr .

0.0138 and 3.6 = constant values, where 3.6 was added for obtaining Q in

m’/hr .

h= Water height or pressure head (cm).

The used irrigation regime is illﬁstrated in (Table, 2).

Table 2: Irrigation intervals (days) , total applied (m3/fedA), number of
irrigation (m*/fed.).

Total applied water Number of Quantity of one
Irrigation interval (days) 3 3
(TAW) (M /fed.) irrigation irmigation (M /fed.)
1-6 500%* 16 3125
1-9 4500%* 10 45.0
1-12 4000 8 500.0

+ Without nushing irrigation .
+ The quantities were reduced by 312.5 and 450.0 m'ffed. with respect to Sk-103 cv. for its short

duration. i.e. 125 days .

Studied Topics :
A-plant Traits:

At the end of the season. a random sample from the inner part of
each experimental plot was taken. Eight traits were studied on that sample
as follows :

1- No. of panicles/m’.
2- Sterility %
3- No. of spikelets x10°/m’.
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4- No. of grains/panicle.

5- 1000-grain weight (gm).

6- Straw yield (ST) (ton/fed.) was calculated on the base of yield/plot then
per fed.

7- Grain yield (G.Y) (ton/fed.) was calculated on the base of yield/plot then
per fed.

8- Harvest index %, (H. I %), according to Wilox (1974), as follows :

Grain yield (ton/fed), Gy
H1%)= x 100
' Grain yield (ton/fed.), Gy + Straw yield (ton/fed.), (St.)

B- Water Relationship:
Water use efficiency (W.U.E.' Kg/mB) was calculated according to
Vites, (19695) as follows . _
Grain yield, Ks/fed . GY
W.UE (Kg/m’) = ( )=
Total applied water, m’/fed. TAW
Statistical vAnalysis: In both seasons, data were subjected to analysis of

variance. Means were compared by Duncan's, (1955) muitiple range test at
a 0.05 level of significance. Simple correlation coefficients were estimated
among every trait and all the remainder seven ones. Coefficients of
correlation were tested at 0.01 level of significance. All statistical
procedures were performed as described by Snedecor and Cochran, (1981)
as well as Gomez and Gomez (1984) .
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RESULTS AND DISCUSSION

I-Analysis of Variance :

A: Main Effects :

1- irrigation Effect: Table (3) gives the means off all studied traits as
affected by irrigation intervals. In the two seasons, it is clear that all traits
were significantly affected by irrigation treatments. A certain tendency was
detected. However, the highest values were recorded on 1-6 followed by 1-9
then 1-12 days. This means that the most abundant irrigation, i.e. 5000
m'/fed. promoted the growth and yield of rice. While lengthening irrigation
interval to 12 days gave the poorest products. Okasha et al, (2009) that
enough watering enchanted growth features such as plant height, leave area
index, chlorophyll content, No. of panicles/plant and panicle length. Such
positive effects were turn in No. of panicles/m® and produced its highest
value, viz. 458.12 in S! and 439.16 in S2. Moreover, abundant watering
reduced sterility %, through enhancing pollination. Thereafter, it was shown
that the lowest sterilities, viz 10.39 in SI and 10.84 in S2 were produced by
1-6. While the highest ones were recorded on 1-12 treatment (14.26 and
13.90% in SI and S2, respectively). In addition, it seemed that abundant
moisture within the rice plant (self pollinated crop) during heading phase
supported successful pollination and consequently reduced sterility % Abd
Allah et al (2009) reported that sterility is greatly affected by revealing
environments. It is matter of fact that abundant water promotes and secures
fertilization and hence increase the No of spikletes/m®. Pronounced values
of such trait were 84.89x10° in SI and 77.71 x 10° in S2. The present results
did not differ from those found by EI Bably ef al (2007). Enough watering
as a reducer of sterility and raising pollination in spikeletes completed its
positive role on No. of grains/panicle. Such latter trait increased by 1-6 to
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193.96 in SI and 188.67 in S2. The present findings are in good convenient
with Abou Khalifa et al, (2007). Such progressive effects may encourage
panicles formation, with higher numbers of spikelets and grains/panicle. The
1000 grain weight is negatively correlated with No. of grains/panicle.
Thereafter, the former trait increase on the expanse of the latter one and in
reverse. Thus, the heaviest grains were recorded when lengthening irrigation
interval because of their good filling .

Such heaviest grains were formed without competition to each other.
In addition, the irrigation intervals 1-6, 19 and I 12 yielded grain as 22.35,
23.87 and 25.25 gm in SI and 2175, 2347 and 24.65 gm in S2,
respectively. Mosalem et al, (1998) as well as Abou Khalifa et al (2007)
approached similar results. As regards straw yield/fed., it was observed that
1-6, 1-9 and 1-12 intervals produced 9.37, 9.13 and 8.35 ton/fed. in SI and
9.03, 8.29 and 7.51 ton/fed. in S2, respectively. This means that highest
irrigation amount of 5000 m’/fed.(1-6) gave the highest straw yield. No. of
panicles/plant and panicle length are makers. of straw yield. Such makers
were found in positive relation with increasing watering quantity.
Consequently, no surprising herein that higher water supplies promoted
straw yield/fed. The present results confirmed those reported by many
authors of them El-Rafaee et al (2005) .

Table (4) gives the obtained means of the studied traits as affected
by irrigation intervals in the two seasons. In the first season, 1-6, 1-9 and
1112 days yielded 4.52, 3.90 and 2.48 ton/fed. and 4.17, 3.74 and 3.25
ton/fed: in S2, respectively. It seemed that short interval (1-6) secured the
required water for good growth. Moreover such positive progressive value
were turn in yield component which provided them to grain yield/fed. Abou
- Khalifa et al, (2007) found similar results. In contrast, Kadum et al, (2008)

found insignificant effect due to watering on rice grain yield .
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2- Cultlvars Effect: Table (3,4) includes the means of the studied traits of
the three cultivars in SI and S2. It is obvious that significant responses were
observed with all aspects. Mostly, Sk-101 cultivar significantly surpassed the
other two cultivars, except with sterility%, 1000 grain weight and straw
yield, where the lowest values were observed on such cultivar sterility %
where Sk-101 expressed the lowest sterility %, ie. 11.61 % in SI and
11.34% in S2. The results confirmed the findings of Abou Khalifa et al,
(2009). It is well known that Sk-101 is the superior cultivar over the
Egyptian ones. In the previous part of the present study, Okasha ez al, (2009)
named the growth features enhancing grain yield/plant in leaf area index,
total chlorophyll, No. of panicle and panicle length. Hence, no surprise
herein that yield ciomponents were better with Sk-.101 too. Thus, it seemed
that yield components benefited the positive effects of growth traits and
‘turned them into grain yield/fed. of Sk-101 viz., 4.27 and 4.23 ton/fed. in S1
and S2, respectively. In addition, superiority in favour to Sk-103 over Sk-
104 was measured on some components including grain yield itself.
However, grain yields of Sk-103 were 3.56 in S I and 3.70 ton/fed. in S2.
While those of Sk-104 were 3.07 in S1 and 3.23 ton/fed in S2. In addition,
Sk-104 significantly exceeded Sk-103 with most yield components;
including straw yield, viz in S1 (9.85) and S2 (9.04) ton/fed. Many
researchers reported the superiority of Sk-101, of them El-Khoby et al
(2008). The excess of Skk104 over Sk-103 was found by different authors
of them, Fawzi and Badawi (2006). But Abd EI-Maksoud, (2008) found
superiority in favour to Sk-103 over Sk-104 .
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Table 3: No. of panicles/m’, sterility %, No. of spikeletsx 10°m? and No. of
~ grains/panicle IS affected by irrigation intervals, culti.ars and plant

spacina and their interactions in the two seasons .

Treatments No. of 9|n}c!eslm' Sterility % No. of spikelets 110"/’ No. of greinsipanicle
st S2 St st St S2 8! 52
4 45812 » 43916 1039 ¢ 1084 ¢ 8458 ¢ . NN 2 19196 138‘67 ]
+9 40140 b 41825 b | 12.17’ bo1246 b 7055 b 6930 b 174468 b 16864 b
‘ L1 BIS ¢ BN ¢ M6 DI @ S 4980 ¢ 687 ¢ MOIE ¢
Sk-101 - 19224 @ 48822+ 1160 ¢ ”.34 ¢ 811 s 7932 4 13407 l’ﬁ.s'l ¢
Sk-103 3299 ¢ 248 ¢ 149 v 2 » S c $7.02 ¢ 1ML b 16605 .b
Sk-104 140 b 3&5.53 b 30 ¢« DM a0 633 b 6106 b 15897 ¢ 15392 ¢
st 47586 489.80 2 1073 b 1106 ¢ 857 e ‘KUO a2 18729 s 18082 1 -
P32 3833 b 169.30 b ) 1295 & 1242 b 6511 % 5959 b 16930 b 16397 b
el . 33584 ¢ M ¢ 1345 & 1 a0 %% ¢ $3.68 "¢ 15882 ¢ 15290 ¢
‘ 1-618k-101 56441 a 537167 3 9.8 292 10702 3 9368 & 20088 20187
1-628%-103 17882 ¢ AT 4 10.32 10.40 7020 4 6734 4 19456 18894
L6xSk-104" ) 2944 ¢ 40266 « e 124 nn o« Mt ¢ 17943 171542
1-9xSk-191 9601 b 51206 b ) 1B F!.JO 88.86 b 8426 b 18112 180.53
1-9xSk-193 s T 388 e 12.09 12,18 828 6057 1 I 168.86
1-9x8k-104 37627 e 18348 ¢ 1293 1331 8457 ¢ 6486 ¢ 16160 15653
l~|2!5k-(b! - 41458 4 41492 ¢ 1347 1n 8579 ¢ 004 11574 150.06
Fzshethy DAL N W0 g WI6 . B 4L6 b 006 b a3 n
1-12x5h-104 ‘ 3“\4‘9 3 Hon f 5.4 15.4¢ 4118 4&.2! R 1) 10
X1 T 4118 a 33941 » 9.08 947 10518 a. 99.36 2 20140 103‘49~
1ExPs2 ) 44085 ¢ 40670 ¢ 10.56 ] 10.86 1988 ¢ 037 ¢ 19108 ‘ 186.53
16xP} : 18‘6,25 ¢ MW de 1 12.06' T 139 ¢ 11938 17396
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Table 3: Continue

19231 47952 B MMM b 108 I L b 19039 183.68
1:9xPs2 TR T 15 B AL 1248 633 ¢ 6329 ¢ 120 16675
19xPe3 1842 ¢ B3I e 104 1379 st 102 ¢ 16155 153.48
RN 079 4 41 ¢ 14 1240 5466 ¢ 6368 ¢ 160.08 asz?aa
2P Cams4 e N3ES T 15 1392 4941 g el T a0 13861
112585 28386 2660 g . 1527 15.39 35 b 4083 g 158 m?zs
Sk-101aP81 588.00 & $99.66 a 1004 1042 107.96 10143 5 20073 193.35
Sk-101xPs2 a6 b e b 123 1136 8199 WA e 184 175.53
Sk-101aP33 4o d ‘um‘ ¢ tm [F XTI T 1 @Il 4 1703 163.68
5K-103xPst. 39349 & 42066 ¢ 10.66 1081 70.82 79 ¢ 15188 180.85
Sk-103xPs2 M6HT g 3TAE ¢ 1288 113 $3.98 sted £ 16983 1648
Sko103xPed 130 b 962 f 1306 1342 4704 652 g 15942 153,10
Sk-104xPs1 4506 ¢ 44909 b 1140 1225 78.40 78.07 b 17338 16765
Sk-104xPs2 3931 33880 ¢ 1315 1376 £9.54 5539 ¢ 15662 15219
$k-104xPg3 3481 g 30905 ¢ 1396 1521 52,08 ©8 W 18192
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Table 4: 1000-grain weight (g). straw yield (tonJred.). grain yield (lon/fed.),
har.est index. and W.U.6 Kg/m' as affected by irrigation inter.als.
culli.a., and plant spaeinc and their interactions in the two seasons .

Treatments  1000-graic weight {3)  Staw yied (tonlfed.)”(uinia yiehd {tonifed.) Auml indcx‘% © WUE Kgim'
- 8 s2_ -8 52 S1 52 Sl‘ §? §i 82
+ Wike UM ¢ 9 e 903 » 452 s 1T 3 3166 2 3150 2 088 b 081 b
.l~9 B8 BT L 3L 82 b 1900y 1M b B b 338 050 ¢ 0.86
2 B4 U6 0 B3¢ 151 M8 e 32 ¢ 2294 t 1052 ¢ 065 ¢ 086

Sk01 246 ¢ 2263 b 830 ¢ TS50 ¢ 427 » 423 & 3339 s 3626 & 093 094 1

$k403 CBAbL 2M L 6L 829 b 366 30 b N D T D 083 b 081 b

Sk-104 2608 AT 2 985 2 S04 a2 30T ¢ 323 ¢ 2336 ¢ 2648 ¢ 047 ¢ 072 ¢

1] 230c 1M ¢ 1055 97 2 449 n 417 & 1948 @« V8 ¢ 100 8 09 s
P52 DML 12 b 94 b 83T b 3T b 373 b 2697 ¢ 3034 b 07 b 084 b
73] WAz a U 725 ¢ 654 ¢ 188 ¢ 332 ¢ 2O b 066 2 084 ¢ 075 ¢

FSEI0L 2008 1B 8.50 8148 $3 2 4N o 25 2 3695 e Lol s 030 ¢

WSKI0) 2198 N6 9 S84 443 ¢ AdS ¢ M2 ¢ MM & 030 ¢. 08 d

HoxSk-104 2402 28 - W8 9.86 382 4 362 ¢ 2646 7 206 g 073 ¢ 069 F

Hask1t 248 7.8 8.38 1.51 4550 425 b 3833 b 3638 b 102 2 095 b

(22 R X)) .98 KX 830 18 4 Im 4 BT 4 U8 e‘i 094 b 092 ¢

FoaSk104 2566 24.66 99t 908 33 ¢ 3T WE g W b 0T e 0N

Fi2ask-101 2378 B9 M 681 - 292 170 de 51,57 ¢ 344 ¢ 01T 4 09T »

| LISHI0 2483 W (3] 752 43 g 327 25 b I f 0 064 1 085 4

FIZaSk104 2714 5.90 9.07 82 110 b 282 g 1813 0 2581 055 § WM e

Hoapsi 097 08 1 1038 53 0 482 06 4 3043 1 108 a2 0.90

1-6xPs2 71 un 10.09 935 439 ¢ 418 3036 4 309 4 086 b 03l

HoxPs3 o nw nsn .78 1.4 18 e 30 NS b WM s 00 4 0N

Habst ns .28 1061 973 482 b 4 NI ¢ I g L1 s 056

) 19aPsl nn” N4 9 8.59 L B BN W65 1 3045 ¢ 087 b 086

[22141] 2549 un 230 §.33 9 f W B¢ BT H oA 4 M
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Table 4 : Continue

1- 12xPs2 25.16 24.62 8.66 778 | 2411 326 21897 | 2960 h | 064e | 086

I- 12xPs3 26.93 25.98 6.67 5.94 197h | 29 284h | 3287c | 052 ] 076

Sk-101x Psi 21.01 21.45 9.65 8.80 5284 | 4409 3484 a | 3469¢c | 1154 1.04

Sk-101x Ps2 22.35 22.60 3.61 177 415¢ | 424 3207¢ | 3526 1091 ¢c| 094

Sk-101x Ps3 23.95 23.58 6.63 5.93 338 e 1 377 3324b | 38834 | 074e | 084

Sk-103x Psl 21.94 21.58 10.54 973 441 b 1 410 2006d 1 2060 f | 1.02b 1 097

Sk-103x Ps2 23.34 274 9.40 859 |347e¢ | 371 2654 f | 3013 ¢ [ 081d | 087

Sk-103x Ps3 25.01 23.99 1.24 6.55 282 f 1 330 2762 ¢ | 3348d | 066 f | 0.78

Sk-104x Ps! 239 23.20 11.46 10.61 | 380d] 357 | 454 ¢ | 25164 | 083 d 079

Sk-104x Psl 25.51 24.44 10.22 9.36 298 f 1 323 22280 | 2562 h | 065¢f | 072

Sk-104x Psl 2134 2519 7.88 715 243 ¢ | 288 2325h | 2867 ¢ | 053 p | 064

3-Spacing Effect: Means of the studied traits as affected by spacing in the
two seasons are included in Tables (3 and 4). Significancy of the obtained
differences were calculated on all aspects. Narrow spacing (15x15 cm) gave
the highest significant products with all aspects, except sterility % and 1000
grain weight. The obtained values of 1000 grain weight were 22.30 and
22.08 gm in SI and S2, respectively. In seemed that the narrow spacing
produced higher number of stands and consequently high No. of
panicles/m’. No dought that higher stands and panicles give higher straw
yield/fed. In addition, No. of pf:nic]es/m2 is a main maker of grain yield/fed.,
the former could be automatically expected by narrow spacing. Many
authors believed in the positive value of narrowing spacing of them Salem
(2006). The superiority of 1000 kernel weight in wider spacing may be
attributed to the good growth for single plants under wider spacing. The
present results are in good convenience with the findings of Intikhab et al,
(2007) as well as Wilcox (1974).
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B- First Order Interaction :

1- Irrigation x Cultivars: Table (3-4) present the obtained means of the

studied traits as affected by the interaction irrigations x cultivar. It was

obtained that highest significant values were detected only with (1-6x Sk-

101) on No. of panicles/mz, No. of spike]ets/mz, grain yield/fed. and harvest

index, in the two seasons. This means that each level of Sk-IOI significantly

interacted with 1-6 as respects the previous four traits. In addition, the
treatments 1-12x either with Sk-103 or Sk-104 achieved the lowest values in
all traits. Such results confirm the superior value of 1-6 interval and Sk-101
treatments, as previously explained. Abou Khalifa, (2001) reported the
value of Sk-101x1-3 interval for producing higher yield and some yield
components Vivekanandan et al, (2005) stated that adaptability of available
soil moisture (ASM) was exhibited by certain cultivars EI-Kalla et al,

(2006) found significant effect due to the interaction on all trait. Singh and

Ch'oudhury; (2007) agreed with similar trends. Kadum et al, (2008) reported

 significancy on No. of tillering/m’ and sterility .%

2 Irrigation x Spacing: Means of the studied traits as affected by irrigation
X spacing interactions in the two seasons are given in Tables (3 and 4). In
the two seasons, only No. of panicles/m?, No. of spikelets/m2 and harvest
index ‘were significantly affected by the interaction. Grain yield/fed. was
significantly affected only in the first season producing 5.59 ton/fed. by I-6x
PS1. Such interaction also achieved the hiéhest values on most traits,
especially those which were significantly affected .

3- Cultivars x Spacing: Table (3 and 4) declare the obtained means of the
studied traits as affected by cultivar x spacing interactions in the two
seasons. It is obvious that No. of panicles/m2 and harvest index in the two
seasons, No. of spikelets/m” in $2 and grain yield in SI were the only traits
which significantly responded to the interactions. The (Sk-101xPSI)
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interaction highly yielded the highest values in most of the remainder traits.
The highest grain yield/fed. for the mentioned interaction in SI was 5.28 ton,
it seemed that such grain yield benefited No. ofpanicles/m2, as well as No.
of spikelets/panicle to produce its superior value. Pawar et al, (2005) found
no significant effect due to (irrigation x spacing) interaction. Some authors
contribute the success of such interaction to the cultivar it self and its
tillering ability Badwi et al, (2004). Some pointed to cultivar duration,
Guatam et al, (2005) and Mishra et al, (2005) generalizing that a certain
variety needs certain spacing .

C- Second Order Interaction: Data did not show any significant
differences as a result of the combination among the three factors, in the two
seasons, except harvest index in S1. The value herein was 38.79%. Harvest .
index is a ratio usually does not exceed the unit value, where the numerator
is occupied by grain yield, while the denominator is devoted to the
‘summation of grain yield + straw yield. Thereafter, the peréentage of
harvest index is lesser than 50%. In other words greater harvest index %
means greater grain yield versus the straw one. It was observed, in spite of
the absence of significance, that the interaction (1-6 x SkI0 x Ps!) gave the
highest grain yield, viz 6.57 and 5.25 ton/fed. in S1 and S2, respectively .

II- Water Relationships :

Water Use Efficiency, WUE:

Table (4) presents the obtained WUE values for different aspects.
Obviously, WUE was the greatest by 1-9 (0.9 - 0.86), Sk-101 (0.93-0.94)
and PSI (1.0 - 0.93) kg/m® in SI and S2, respectively. The superiority of
WUE with 1-9 could be attributed to the middle TAW (4500 m3/fed.).
While the super WUE of Sk-101 as well as PSI could be attributed to the
pronounced grain yield in the numerator in Vites, (1965) equation. Abou
Khalifa, (2001) reported that 1-3 produced the highest utilization efficiency,
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followed by 1-6. EI-Khoby er al, (2008) reported that Sk-IOI gave the
highest WUE, consuming 1181 mm .

As regards the interactions, it was observed that the cultivars Sk-101
successfully interacted with all irrigation interval to produce remarkable
WUE which were ranged between 0.77 to 1.02 kg/m®, which were produced
from Sk-101xI-12 and 1-9, respectively. All estimations in such cases
increased because of the pronounced grain yield of such cultivar .

Similarly it was noticed that 1-6 or 1-9 combined with the closer
spacing (15x [Scm) produced the considerable WUE in the two season
where the lowest and highest WUE were 1.09 and 1.11 kg/m® respectively.
Such two limits were produced by I-6x and 1-9xPSI, respectively. Such
pronounced WUE could be attributed to grain yield/fed. rather that TAW .

Similarly, Sk-101 x PSI gave the greatest WUE among the other
combinations in the interaction in S, ie. 1.15 kg/m3. Herein also the
numerator played the most important role for increasing WUE. It was
expected that water use efficiency could be greater with a combination
included I-9xSk-0IxPs] .

III-Correlation: Table (5) represents simple correlation coefficients among
each trait and the other ones in the two seasons. It is clear in the first seasons
that all coefficient values were highly significant except that between straw
yield and harvest index, i.e. -0.14. Most of simple correlation coefficients
were positive. The negative signs were detected on the correlation of
sterility% with all traits except 1000 grain weight. The latter trait was
negatively correlated with all traits. Such results could understand where
éten'lity % and 1000 grain weight were affected by treatments in different
direction to other traits. In the second season, similar results were obtained,
with a very minor deviation where the only insignificant correlation
coefficient was detected between straw yield/fed. and WUE, i.e. 0.16. These
results refer, in general; to the high strong link, regardless the correlation
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sign, among yield and all of its components. Also WUE was shown in
strong correlation with most variables . o

Iv-curve Estimation: Figure (1) illustrate the relation between grain yield
(ton/fed.) and total applied water (m3/fed.) in the two seasons. It is $0 Clear
that grain yield/fed. gradually increased as total applied water increased. But
the curve analysis showed that the relation between the two variables was a
quadrafic one either in the first or the second season. The obtained equation
of the first season was Y = -37.68+0.0164X-0.0000016X". In the second
season, the equation was Y = -2.83+0.002X-0.000000 12X>.
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Table 5: Simple correlal;on coefficients (r), Imonl each trail and The olher

ones in the Iwo Seasons .

Trsits Grain yield *  Panicle leagth  No. of panicles DAS to $0% - Total Chlorophyll Light Leal ares
olemt (g} {em)iplan - beading © content " penttaation index

Si1 812 S! 82 §1 82 8! 82 . s §2 St 82 st $§2

Plant height S 02 05 68 09 0.6 RIEX] 03
{cm) : :
5 04 04 0.6 L R 04
Lesfares S 09 08 09 07 Y] 457 )
index . docaressel -
: s X 09 or 0.1 09 058
Light Y 457 462 FY YY)
s 054 3.6 251 4m 041
Total s 03 08 [T ’
confent -
S 09 09 08 07
DASt050% § - . 09 - 0.7 09 .
heading G e
5 08 08 038
No. of 5. 09 Y :
fplant -
%] 07

Panicke ~  § 0.8
(em) :

s 09
Al coeflicients are significant at 2 0.0) level in (he two seasons.
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