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ABSTRACT: The present investigation included field experiments executed at the
experimental farm (Abees region) of the Faculty of Agriculture (Saba-Basha), Alexandria
University, Egypt, during both 2012 and 2013 growing seasons. Experiments were carried out to
study the effect of irrigation with agricultural drainage water and/or canal water on yield and
quality of four rice varieties (Oryza sativa L.). Five irrigation treatments were practiced as follow;
(T1) Irrigation throughout the season using agricultural drainage water, (T2) Irrigation with
agricultural drainage water then using canal water in sequence, (T3) Using agricultural drainage
water for irrigation till end of the vegetative growth stage and the canal water starting from
reproductive stage,(T4) Using canal water at the vegetative growth stage and agricultural
drainage water right before panicle initiation, (T5) lIrrigation throughout the season with canal
water. Four Egyptian rice cultivars namely; Hybrid 1(SK 2034), Sakha 104, Giza 177, Giza 178
were used. Some growth characters, grain yield and its component characters, some yield
related characters, and some grain quality characters were subjected to determine the effect of
these two variables. The main results showed that, increasing of the dose of canal irrigation
water starting from T1 (irrigation throughout the season using agricultural drainage water) and
ending by T5 (irrigation throughout the season by canal water) significantly increased the mean
values of most of studied characters and maximized by using T5 in 2012 and 2013 seasons.
Meantime, the differences between the effect of T5 and T3 (using agricultural drainage water for
irrigation at the vegetative growth period and the canal water right before reproductive stage)
were not significant in case of most studied characters .The highest grain yields was obtained
for Hybrid 1 (°.++ t/fed. ) .rice cultivars while; Giza 177 rice cultivar produced the lowest grain
yield (3.18 t/fed.) during both seasons But also, all milling characters and quality characters
Giza 178 rice cultivars obtained the heist values than the other cultivars. These findings assure
the great amount of genetic variations between the tested cultivars. Interaction between
irrigation treatments and rice cultivars had significant effect on most tested characters except
harvest index in both seasons and grain yield (ton/fed.) in 2013 season only.
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INTRODUCTION

Rice (Oryza sativa L.) is the most important food for more than 50% of
the world’s population, and it is grown on almost 155 million ha worldwide.
In Egypt, rice cultivation takes place in Egyptian Nile delta especially in the
northern part. Due to the intrusion of sea-water, most of agricultural lands in the
northern Nile delta are affected by different degrees of salinity. In these areas,
rice production helps to leach the salt from upper soil layers and thus reclaim
the land for agricultural activities. Because of limited water resources, the
government of Egypt has tried to limit rice cultivation. Egyptian government
aims to reduce rice fields from 1.7 million fed. To only 1.00 million fed. as a part
of a strategy to save irrigation water (Allam and Wahba, 2008). It is well known
that at the terminal of the irrigation canals, the farmers suffer from sharp
decrease in irrigation water accordingly they obligatory use drainage water
directly by pumping it from drains close to their fields. This is termed unofficial
reuse. Estimates of the amount of drainage water unofficially used for irrigation
range from 2800 million m*to 4 000 million m®per year (FAO, Y:+6). Water
availability for irrigation could be enhanced through judicious and proper
recycling of drainage waters for irrigation. Considerable amounts of such water
are available in various places in the world, including Australia, Egypt, India,
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Israel, Pakistan, and USA. Waters generally classified as unsuitable for
irrigation can, in fact, be used successfully to grow crops without long-term
hazardous consequences to crops or soils, with the use of improved farming
and management practices. The development of rice varieties with increased
salt tolerance and the adoption of new crop and water management strategies
will further enhance and facilitate the use of saline waters for irrigation and crop
production, while keeping soil salinity from becoming excessive. In Egypt, El-
Mowelhi et al. (2006) reported that Egypt produces approximately 2.4 million m®
of secondary treated wastewater (TWW) annually, used for irrigation directly or
indirectly by blending drainage water (BDW). The annual re-use of BDW is
approximately 4 million m3. TWW can be used for high production of oil crops
compared to canal water, while BDW can be used for high production of tolerant
crops. It is better to use alternative irrigation with canal water under a
drip irrigation system to maximize crop production and minimize the adverse
effects of such waterin field crops quality. In the North Nile Delta,
marginal water can be safely used without significant negative impact on the
environment. As long as, the national policy of water management, the scarcity
of water irrigation, the high soil salinity in North delta and the high profit of rice
cultivation. The present study aimed to evaluate the effect of irrigation using
drainage water or the mixture between canal and drainage waters at different
growth stages on rice plant also yield, yield components and quality of grains of
four rice cultivars.

MATERIALS AND METHODS

Field experiments, were conducted at the Experimental Farm (Abees
region) of Faculty of Agriculture (Saba-Basha), Alexandria University, Egypt,
located at Abees region during 2012 and 2013 growing seasons. The
experiment was carried out to study the effect of irrigation with agricultural
drainage water on yield and quality of some rice (Oryza sativa L.) varieties
namely (Hybrid 1, Sakha 104, Giza 177 and Giza 178) which are varied in their
genetic characters.

Experimental design

This field experiment was carried out in a strip plot design in both
seasons with three replicates. Main plots (columns) were devoted to Irrigation
treatments as follows:
(T1) Irrigation throughout the season using agricultural drainage water,
(T2) lIrrigation with agricultural drainage water then using canal water in
sequence,
(T3) Using agricultural drainage water for irrigation at the vegetative growth
period ( about 45 days after transplanting) and then canal water till harvesting,
(T4) Using canal water at the vegetative growth (about 45 days after
transplanting) and then agricultural drainage water till harvesting and
(TS) Irrigation throughout the season using canal water.
While, cultivars were allocated to sub plot (rows) including the following :
1. Hybrid 1, (SK 2034), suitable for normal and saline soils.
2. Sakha 104, suitable for normal and saline soils.
3. Giza 177, not recommended for saline soils.
4. Giza 178, suitable for normal and saline soils and water shortage.
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Cultural practices
1. Nursery

The four cultivars were grown in well prepared seedbed. Seed bed was
tilaged three times, then dry leveled and water leveled. Nitrogen fertilizer was
applied at the rate of 60 kg N/fed as Urea form (46% N) on dry soil before
flooding and nursery was not fertilized with super phosphate (15.5% P20s)
because the previous crop was Egyptian clover (Trifolium alexandrinum). Zinc
sulfate at the rate of 10 kg/fed was applied after puddling. Seeds were soaked
in enough water for 24 hours then incubated for 48 hours to enhance
germination .The peregrinated seeds were broadcast into the seed bed at the
rate of 7-10 kg seeds/fed. for rice cultivar Hybrid 1 and at the rate of 40-60 kg
/fed. for other cultivars. For controlling weeds, herbicide (Saturn 10%) at the
rate of 2 liters/fed was applied 5 days after seeding into 3 cm water depth. Rice
seedlings were carefully pulled from the nursery after 25 days from seeding and
transplanted to the permanent filed.

2. The permanent field

The permanent field was mechanically tillaged and dry leveled. The
experimental site was divided into 60 plots each plot was 2x3 m? Columns
were irrigation treatments .Drainage water was pulled up from the drain next to
the experimental field. Two seedlings, (25 days old) were lined transplanted into
plots according to the planting spacing, for the four cultivars 20x20 cm between
rows and hills. Thiobencarb (Saturn 50%) as herbicide at the rate of 2 liters/fed
was applied 4 days after transplanting for weed control. All plots were
continuously flooded with 5-7 cm water depth throughout the growing season
except at the time of the second dose of nitrogen application. All remaining
agricultural treatments were applied as the recommendations of the National
Rice Campaign booklet (2012) for hybrid variety. Fifteen days before maturity,
all plots were flushed and irrigation was stopped two weeks before harvesting.

3. Soil and Water analyses

Before transplanting the rice seedlings in the permanent field, soil
samples were collected randomly from 0-30 cm depth from the experimental
sites, air dried and ground to pass 2 mm sieve. Another soil samples were also
collected from each strip individually before drying the permanent field for
harvesting. Sub samples were then taken to the laboratory and prepared prior
to the mechanical and chemical analysis including heavy metals according to
Black et al. (1965) .Samples were analyzed at “Soil, Water and Plant Analysis
Laboratory” of Soil and Agricultural Chemistry Department, Faculty of
Agriculture —Saba Basha, Alexandria University. Heavy metals analyzing
showed that the all soil samples didn’t contain of heavy metals neither nor all
water samples. Heavy metals analyzing were conducted at the Central
Laboratory, Faculty of Agriculture, Alexandria University.

The soil were analyzed for the determination of particles size distribution
(sand, silt and clay) by hydrometer method (Black et al., 1965). The electrical
conductivity (EC) of 1:1 soil-water ratio extract was measured by conductivity-
meter, the pH was measured in 1:1 soil water suspension by pH meter, the
concentrations of water soluble cations Ca'™, Mg'™ were determined by
Na,EDTA method, those of Na+, K+ were measured by flame photometer, the
content of Bicarbonate was determined by titration with standard HCI acid
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solution,the chloride by titration with AgNOj3 solution and SO, was obtained by
the difference(Black et al., 1965). The available K, P, N were extracted with 0.5
M NaHCO; then K was measured by flame photometer, P and N were
measured by colorimetric method (Jackson, 1973).

The analytical results of the soil sample collected before and after cultivation
are shown in Tables (1 and 2).

Water samples were collected from both irrigation canal and drainage
water and chemically analyzed according to Jackson (1973) as shown in Table
(3). Quality of the irrigation water was determined according to the methods
described in Wilcox (1958) and FAO (1976). The water quality parameters are;
Soluble Sodium Percentage (SSP), Sodium Adsorption Ratio (SAR), Residual
Sodium Carbonates (RSC), Soluble Magnesium Percentage (SMgP) and
Potential Salinity (PS).

Table (1). Soil mechanical and chemical characters of the experimental
site before cultivation in 2012 and 2013 growing seasons

Characters 2012 2013
Particle size distribution (%),
Sand 11.2 11.5
Silt 33.2 33.7
Clay 55.6 55.8
Soil texture Clay Clay
pH (1:1, soil: water suspension ) 7.95 7.15
EC (1:1, soil: water extract), dS/m 5.48 5.71
Soluble Cations (meq/l)
Ca™ 7.83 8.30
Mg* 15.93 16.35
Na* 27.82 30.05
K* 1.75 1.8
Soluble Anions (meq/l)
HCO3 1.98 1.97
cr 6.88 6.78
SO4~ 45.53 47.80
Available K (mg/kg) 1125.0 1127.0
Available P (mg/kg) 29.30 28.90
Available N (mg/kQ) 68.29 67.94
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Table (2). Soil chemical characters of the experimental site after
cultivation in 2012 and 2013 growing seasons

T1 T2 T3 T4 T4
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

pH 8.14 8.23 7.91 8.1 7.5 7.8 7.88 7.92 7.84 7.95
EC (dS/m) 5.35 5.45 5.21 4.84 4.99 4.45 5.68 5.98 5.29 5.48
CaCO;% 1794 1894 13.89 1473 8.98 9.47 10.89 11.57 5.21 4.21

Soluble Cations (meq/l)
Ca 6.182 5.83 4.66 5.103 4.63 4.75 3.04 3.21 5.98 7.99
Mg 16.32 16.62 1468 1332 1283 1158 19.69 1866 16.57 16.25
Na 28.79 3.52 30.56 28.30 30.14 26.79 3193 3522 28.77 28.38
K 1.99 1.94 1.80 1.62 2.32 1.41 1.67 1.80 1.47 1.76
Soluble Anions (meq/l)
HCO; 1.54 1.64 2.20 1.86 1.82 1.61 1.91 2.21 1.94 1.90
Cl 6.08 6.47 6.54 5.74 6.92 7.03 7.45 7.85 6.25 6.89
SO, 4588 46.18 42.76 40.56 4094 3589 4744 49.38 44.66 45.59
Available Nutrients (mg/kg)
K 1150 1150 1150 1150 950 950 1000 1000 1125 1125
P 26.32 271 26.45 27.4 25.89 26.1 38.42 38.1 28.21 29.3
N 8765 9584 6958 5645 8974 o0 0% 1327 9465 68.29

(T1) Irrigation throughout the season using agricultural drainage.

(T2) Irrigation with agricultural drainage then using canal water in sequentially.

(T3) Using agricultural drainage water for irrigation at the vegetative growth period then switch to canal water right before
panicle initiation till harvest.

(T4) Using canal water at the vegetative growth and agricultural drainage right before panicle initiation then before witch to
drainage water till harvest.

(TS) Irrigation throughout the season using canal water.

Table (3). Chemical composition of irrigation water used for the present
experiment (2012 and 2013 growing seasons)

EC H Soluble cations (meq/l) Soluble anions (meq/l)
dsm P Na® K Ca® Mg® CI  HCO; SO,

Parameters

Canal Water - 537 740 12.82 098 462 510 846 13.05 1.76

(inside location)

2012
e e’ 200 778 1825 129 618 311 1244 1375 2.14
S ey 243 740 1310 086 485 535 734 1434 196
2013

Drainage Water
29s 778 18.80 1.19 6.48 3.06 11.13 1558 2.23

(inside location)

The studied Characters
1. Quality of irrigation water

Quality of the irrigation water was determined according to the following
parameters (Wilcox, 1958 and FAO, 1976):
1. The soluble salts concentration of water, which can be expressed in terms of
electrical conductivity (ECiy, dS/m).
2. The chemical composition of water, by determining the concentrations of
cations (Ca**, Mg, Na*, K* and anions (COs*, HCO3, ClI" and SO,* ions)
according to Jackson (1973).
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The quality parameters were calculated as follows(Richards, 1972):
a. Sodium Hazard:
Can be expressed in terms of Sodium Adsorption Ratio (SAR) or Soluble
Sodium Percentage (SSP, %).

SAR = Na
J(Ca® + Mg
SSP=— 2 100
> Cations

(The concentration of cations was expressed in me/L).
b. Magnesium hazard (SMgP):
It can be expressed by the value of Soluble Magnesium Percentage (SMgP, %),
SMgP [Mg2+] 100
= X

c. Bicarbonate hazard:
It can be expressed by the value of Residual Sodium Carbonate (RSC, me/L):

RSC =[ COT+HCO; |-[ Ca™ +Mg™ ]

(The concentration of ions was expressed in me/l.)
d. The concentration of toxic compounds can be expressed by the values of
Potential Salinity (PS):

PS(me/)=Cl'+0.5xSO;

2. Growth characters
1. Number of days to heading (days).
2. Plant height (cm).
3. Panicle length (cm).
3. Yield and Its components
1. Number of panicles/hill.
2. Number of filled grains/ panicle.
3. 1000 grains weight.
4. Grain yield ton/fed.
4. Yield related characters
1. Sterility percentage (%)

No. of unfilled grains/panicle

Sterility % = x100

Total spikelets/panicles

2. Harvest Index (HI)

HI = Economical yield (grain yield) 100

- Biological yield (grain +straw yields)

5. Grain Quality characters (Milling characters)
1. Hulling % (Brown rice %).
Hulling % = Brown rice weight

100

Rough rice weight (100 g)
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2. Milling % (total white rice %)
Milling % = Milled rice weight

Rough rice weight (100 g)

3. Broken rice %

Broken rice weight

Broken rice % = x100

Rough rice weight (100 g)

6. Cooking and Eating Quality

1. Gel Consistency (G.C.) was measured according to Cagampang et al. (1973)
2. Gelatinization temperature (G.t.) was measured according to little et
al.(1958).

7. Statistical Analysis
The analysis of variance was carried out according to Gomez and Gomez
(1984) and means were compared using the LSD at 0.05 level of significant.

RESULTS and DISCUSSION
1. Quality of irrigation water

The water quality parameters for canal and drainage waters are
presented in Table (4). From these data, it appears that for the two types of
water, the EC,, ranged from 2.37 to 2.96 dS/m. The critical level of EC;, to
cause severe salinity problems is 3.0 dS/m as reported by FAO (1976). The
values of EC;, for canal and drainage waters are less than the critical limit and
no problems for using these types of irrigation water. Therefore, it is expected
that continuous irrigation without good water management (leaching
requirements) can led to severe problems from the salinity point of view.

The data presented in Table (4) also revealed that the SAR (Sodium
Adsorption Ratio) value of all water sources is relatively low in comparing with
the critical level of sodium hazard (less than 10) as reported by Richards
(1972). With respect to the SSP as indicator for sodium hazard, the values of
SSP for all types of water were ranged from 54.33 to 63.67%. The data
revealed that all values of SSP were around the critical limit (< 60%) as
reported by Wilcox (1958).

Magnesium hazard (Soluble Magnesium Percentage) is one of the
criteria for suitability of water for irrigation. In this respect, the values of SMgP in
Table (4) indicated that all types of water have a values ranged from 32.05 to
52.50%. The values are below the harmful level (> 50%). This means no
problem of Magnesium hazard.

The RSC (Residual Sodium Carbonates) evaluates the tendency of
irrigation water to form carbonate and to dissolve or to precipitate calcium and
to a less degree, the magnesium carbonate. The precipitation of poorly soluble
carbonates increases the sodium hazard of irrigation water and as a result
increases the sodicity of irrigated soils. The present values of RSC have values
ranged between 3.33 and 6.05 meg/l. which means that Ca** + Mg** is less
than the COs* + HCO7; that resulted in more problems of sodium hazard.
Potential salinity (PS) for all water types used ranged from 8.31to 13.51 meq/I.
The high values of PS over the critical level (5 meqg/l) as reported by Richards
(1972) may be due to high chloride and sulfate concentrations in the two
irrigation waters.
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Generally, from the presented data, it appears that the two water types
used in this work may cause one problem or another according to the water
type. By applying the criteria used for interpreting water quality for irrigation, the
most domain problems are salinity and sodicity hazards.

Table (4). Water quality parameters used as irrigation water in the present

study
EC SSP SMgP RSC PS
Year Type dS/m % SAR % meg/l  meq/l
Canal
0012  (inside location) 2.37 54.50 5.81 52.50 3.33 9.34
Drainage
(inside location) 2.90 63.31 8.47 33.45 4.46 13.51
Canal
2013 (inside location) 2.43 54.23 5.80 52.48 4.14 8.31
Drainage

(inside location) 2.96 63.67 8.61 32.05 6.05 12.24

2. Growth characters

There are high significant differences among the mean values of the four
rice cultivars regarding all the growth characters (Number of days to heading,
plant height (cm) and panicle length (cm) under study in the two, and this was
attributed to the differences in their genetic back ground (Table 5). Additionally,
it is clear that all growth characters were affected significantly by different
irrigation treatments. However mostly there were insignificant difference
between the mean values of T5 (Irrigation throughout the season by canal
water) and T3 (Using agricultural drainage water for irrigation till the end of the
vegetative growth stage and the canal water starting from reproductive stag)
.For No. of days to Heading This might be due to the role of drainage water
push the plant to reproduce new canopies to replace the affected one that
resulted in prolonging the vegetative phase of crop. From another point of view,
the increase in plant height and panicle length might be enhanced by the
availability of sufficient water that are necessary for all various biological and
physiological processes including cell division and cell elongation of the plant.
These results are agree with those results reported that plant height and panicle
length significantly decreased as irrigation intervals increased to twelve days
(El-Refaaee et al., 2005) or nine days (El-Refaee et al. , 2008) in both seasons.
and this might be due to that panicle length was significantly decrease with the
increased salinity stress (Shereen et al., 2005 and Mirza et al., 2009) . Also,
Ernesto et al. (2007) reported that both PEG and NaCl delayed flowering and
maturity, with a longer delay observed with the high-level stress. On the other
hand, Gomaa et al. (2005) concluded that plant height, panicle length and No.
of days to heading were not significantly affected by different irrigation water
forms. .Interaction between cultivars and irrigation treatments. in the two
seasons, was significant for all growth characters except for leaf area index.

3. Yield and Its components

Data represented in Table (6 and 7) showed that there were highly
significant differences between the mean values of all cultivars under study
regarding yield and yield component characters in cultivars under the conditions
of the present study.
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Table (5). Effect of irrigation treatments and rice cultivars on Number of days to heading, plant height, panicle length

(in 2012 and 2013 seasons)

Number of days to heading

2012 2013
Cultivars
(C) Irrigation treatments (T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 96.57 95.53 93.96 94.00 94.03 94.82 96.50 95.34 94.29 9390 9423 94.85
Sakha 104 1027 102.10 100.26 99.94  100.03 101.01 103.27 101.84 100.19 100.11 99.90 101.06
Giza 177 97.20  97.20 96.37 95.09 9523  96.22 97.27 97.07 96.21 95.09 95.06 96.14
Giza 178 96.06  96.56 95.63 95.77 9577  95.96 95.99 96.36 95.43 95.54 9557 95.78
Averages 98.13 97.85 96.56 96.20 96.27 97.00 98.26 97.65 96.53 96.16 96.19 96.96
| C I*#C | C I1*C
LSD 0.05 023 027 049 15D 0.05 030 022 0.44
Plant height (cm)
2012 2013
Cultivars — Y
(C) Irrigation treatments (T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 92.7 9143 9260 9340 9350 92.72 93.20 9274 9443 9323 9432  93.58
Sakha 104 103.0 100.37 104.2 1024 10427 10291 101.81 101.74 105.56 104.13 105.63 103.77
Giza 177 92.5 91.56 9427 9377 94.27 93.27 92.03 9293 9583 9508 9590 94.35
Giza 178 97.4 97.46  98.53 9847 9947 98.27 98.53 9843 10041 99.54 100.56  99.49
Averages 96.5 95.21 97.4 97.01 97.88  96.79 96.39 9646 99.06 98.00 99.10 97.80
| C I*#C I C I*#C
LSD 0.05 0.17 0.27 0.47 LSD 0.05 0.36 0.22 0.56
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Table (5). Cont...

Panicle length (cm)
) 2012 2013
Cultivars T A
(C) Irrigation treatments (T) Averages Irrigation treatments Averages
T1 T2 T3 T4 TS T1 T2 T3 T4 TS
Hybrid 1 20.99 20.56  23.47 2253 2357 @ 2222 21.19 2270 2447 2387 2457 23.36
Sakha 104 19.96 20.67  23.03 19.87  23.07 21.32 2046 2120 23.60 2140  23.73 22.08
Giza 177 19.43 1950 1938 2148 1951 19.86 2040  20.67 2242 2148  22.55 21.50
Giza 178 17.43 1823 2039  20.55 20.23 19.37 18.30 18.70  20.83 20.18  20.93 19.79
Averages 19.45 19.74  21.57 21.11 21.60  20.69 20.09 20.82 2283 21.73 2295 21.68
I C I*#C I C I*#C
LSD 0.05 0.30 0.26 0.47 LSD 0.05 0.32 0.16 0.52
(TDIrrigation throughout the season using agricultural drainage water.
(T2) Irrigation with agricultural drainage water then using canal water in sequentially.
(T3) Using agricultural drainage water for irrigation till end of the vegetative growth stage and the canal water starting from reproductive stage.
(T4) Using canal water at the vegetative growth stage and agricultural drainage water right before panicle initiation.
(TS) Irrigation throughout the season by canal water:
447
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Table (6). Effect of irrigation treatments and rice cultivars on Number of panicles/hill and Number of filled-
grains/panicle (in 2012 and 2013 seasons)

Number of Panicles/hill
. 2012 2013
Cul(té\;ars Irrigation treatments (T) Averages Irrigation treatments(T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 17.00 18.00  26.13 2500 2633  22.49 18.53 17.14  25.61 2433 2585  22.29
Sakha104  18.00 17.4 20.67 19.3 21.23 19.32 18.17 17.61 22.07 19.73 22.23 18.00
Giza 177 17.00 17.33 19.77 19.13 20.33 18.71 18.40 18.17 21.51 19.47 21.70 17.00
Giza 178 18.00 19.03 19.60 19.37 20.2 19.24 18.93 19.50 21.77 20.31 22.01 18.00
Averages 17.50 17.94 21.54 20.70  22.02 19.94 18.51 18.11 22.74 20.96 22.95 17.50
I C I*C I C I*C
LSD 0.05 0.86 0.84 1.75 LSD 0.05 0.27 0.25 0.43
Number of Filled-grains/panicle
. 2012 2013
Cultivars Irrigation treatments (T) Averages Irrigation treatments (T) Averages
(©) T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 118.20 121.00 127.88 121.67 128.53 12346 120.20 121.14 126.63 125.33 127.53  124.17
Sakha 104 75.45 80.23 87.65 82.00  88.01 82.67 76.77 81.87 86.07 82.43 86.87 82.80
Giza 177 71.00 77.21 89.87 79.02  90.12 81.44 71.07 77.54 90.95 84.06 91.03 82.93
Giza 178 100.10 111.00 113.83 108.33 114.12 109.48 102.60 111.47 113.64 110.07 114.13 110.38
Averages 91.19 97.36 10481 97.76 10520 99.26 92.66 98.01 10432 10047 104.89 100.07
| C I*C | C I*C
LSD 0.05 1.13 0.58 1.85 LSD 0.05 1.00 1.28 2.25

(T1)Irrigation throughout the season using agricultural drainage water.

(T2) Irrigation with agricultural drainage water then using canal water in sequentially.
(T3) Using agricultural drainage water for irrigation till end of the vegetative growth stage and the canal water starting from reproductive stage.
(T4) Using canal water at the vegetative growth stage and agricultural drainage water right before panicle initiation.
(TS) Irrigation throughout the season by canal water
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Table (7). Effect of irrigation treatments and cultivars on grain yield ton/fed and 1000-grains weigh (t in 2012 and 2013

seasons)
Grain yield (ton/fed)
. 2012 2013
Cultivars
(C) Irrigation treatments (T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 TS T1 T2 T3 T4 TS
Hybrid 1 4.51 4.95 4.79 4.69 5.00 4.79 4.71 5.09 5.20 4.69 5.20 4.98
Sakha 104 4.02 3.95 4.08 4.10 4.17 4.06 4.26 3.92 4.24 4.20 4.25 4.17
Giza 177 3.18 3.60 3.70 3.70 4.10 3.66 3.45 3.47 3.63 3.70 4.13 3.68
Giza 178 4.55 4.85 4.59 4.83 4.80 4.72 3.81 3.75 4.62 4.17 4.79 4.23
Averages 4.07 4.34 4.29 4.33 4.52 4.31 4.06 4.06 4.42 4.19 4.59 4.26
I C I*C I C I*C
LSD 0.05 0.13 0.21 0.26 LSD 0.05 0.20 0.19 n.s.
1000 grains weight (gm)
Culti 2012 2013
" (tgars Irrigation treatments (T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 TS T1 T2 T3 T4 TS
Hybrid 1 21.9 20.13 21.2 21.17 21.6 21.20 21.1 21.27 21.73 20.27 21.8 21.23
Sakha 104 2343 23.83 233 23.67 24.8 23.81 23.6 23.7 24.03 24.77 24.13 24.05
Giza 177 20.03 21.2 21.27 22.63 25.77 22.18 21.1 21.07 22.63 22.63 22.8 22.05
Giza 178 24.1 24.25 25.02 24.16 25.33 24.57 24.03 24.05 24.11 24.73 25.13 24.41
Averages 22.37 22.35 22.70 2291 24.38 22.94 22.46 22.52 23.13 23.10 23.47 22.93
I C I*C I C I*C
LSD 0.05 0.36 0.41 0.74 LSD 0.05 0.44 0.38 0.80
(T1) Irrigation throughout the season using agricultural drainage water.
(T2) Irrigation with agricultural drainage water then using canal water in sequentially.
(T3) Using agricultural drainage water for irrigation till end of the vegetative growth stage and the canal water starting from reproductive stage.
(T4) Using canal water at the vegetative growth stage and agricultural drainage water right before panicle initiation.
(TS) Irrigation throughout the season by canal water
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These findings could be attributed to the differences between their genetic
makeup. In addition, it is recognized that all studied characters; number of
panicles/hill, number of filled grains/ panicle, grain yield (ton/fed) and 1000
grains weight (g) significantly increased gradually by increasing the dose of
canal irrigation water starting from T1(irrigation throughout the season using
agricultural drainage water) and ending by T5 (irrigation throughout the season
by canal water).Data further revealed that the differences grain yield and its
attributes mean values T(5) and T(3) were not significant. These results was
also found by Zeng and Shannon (2000) whereas ,tiller number per plant and
spikelet number per panicle contributed the most variation in grain weight per
plant and spikelet number per panicle were the major causes of yield loss in M-
202 under salinity. The compensation between spikelets and other yield
components was confounded with salinity effects, but was believed to be minor
relative to the reduction of spikelets due to salinity and, therefore, not sufficient
to offset yield loss even at moderate salt levels. Ernesto et al. (2007) reported
that 1,000-grain weight showed significantly decrease when they applied salt
(NaCl) and polyethylene glycol-6000 (PEG) as sources of osmotic stress during
the reproductive stage than during the vegetative stage. Ascha and Wopereis
(2001) explained that Floodwater EC < 2 mS /cm hardly affected rice yield. For
floodwater EC levels >2 mS/cm, a yield loss of up to 1 t/ha per unit EC (mS/cm)
was observed for salinity stress around Pl (at canal water yields of about
81t/ha). Use of a salinity tolerant cultivar reduced maximum yield losses to
about 0.6 t /ha per unit EC .Different results were obtained for the interaction
between cultivars and irrigation treatments. In the two seasons, this interaction
was significant for all yield components, except that of grain yield (ton/fed.)
which was not significant in 2012 season only. Also, El-Refaaee et al.(2005)
reported that, Sakha 104 and Giza 178 rice cultivars gave nearly the same yield
and surpassed the yield of the cultivars, while the short duration cultivars, Giza
177 was highly affected by water stress up to 12 days which caused soil salinty
and gave yield reduction by about 47, 49, 46, and 51% over both seasons,
respectively compared with continuo's flooding. Generally, Sakha 101, Sakha
104, and Giza 178 rice cultivars can be grown better in the irrigated areas
where water is limited as at the end of canals

4. Yield Related Characters

Table (8) showed that there were highly significant differences between
the mean values of all cultivars in case of some yield related characters; Sterility
percentage (%) and Harvest index (HI) for study in the two seasons. These
were attributed to their genetic differences. For irrigation treatments it was
recognized that all studied characters increased gradually by increasing the
dose of canal water used in irrigation till they maximized at (T5) irrigation
throughout the season by canal water completely. This result in accordance
with Ascha and Wopereis (2001); Abdullah et al. (2001) and Fabre et al. (2005)
who reported that saline conditions affects negatively sterility percentage. Also,
The results are in conformity with Zeng and Shannon (2000) who concluded
that Harvest index was significantly decreased when salinity was at 3.40 dS/m.
As for the interaction between cultivars and nitrogen levels, different results
were obtained as it was significant for sterility while, it was not significant in
case of straw yield and harvest index, in both seasons.
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Table (8). Effect of irrigation treatments and cultivars on Sterility percentage (%) and Harvest Index (HI )in 2012 and
2013 seasons:

Sterility percentage (%)

Cultivars 2012 2013
(©) Irrigation treatments (T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 9.22 9.25 7.87 9.35 7.67 8.67 10.35 6.68 8.68 6.47 8.21 8.08
Sakha 104 12.27 11.85 7.47 7.98 7.59 9.43 11.59 9.24 7.28 7.14 6.79 8.41
Giza 177 13.41 12.49 6.78 11.31 7.22 10.24 13.40 11.08 6.59 6.94 6.18 8.84
Giza 178 10.63 11.37 4.99 8.08 5.01 8.02 7.78 10.92 5.49 5.17 5.26 6.92
Averages 11.38 11.24 6.78 9.18 6.87 9.09 10.78 9.48 7.01 6.43 6.61 8.06
I C I*C I C 1*C
LSD 0.05 1.19 1.35 1.87 LSD 0.05 0.69 0.37 1.01
Harvest Index (HI)
Cultivars — 2012 _ 2013
(©) Irrigation treatments (T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5

Hybrid 1 39.15 40.02 40.35 3991 4042 39.97 40.39 40.88 40.75 39.91 39.79 40.35
Sakha104  40.61 39.62 39.50 40.88  40.84 40.29 40.53 39.96 40.19 41.38 39.28 40.27
Giza 177 39.41 39.74 40.00 40.26  41.41 40.16 39.03 39.43 3941 40.26 41.26 39.88
Giza 178 39.43 39.72 40.30 4038 4044 40.05 40.53 40.41 41.89 40.21 39.92 40.59
Averages 39.65 39.77 40.04 4036  40.78 40.12 40.12 40.17 40.56 40.44 40.06 40.27

I C I+C I C C*1
LSD 0.05 1.25 0.83 ns. 15D 0.05 0.87 0.95 n.s.

(T1) Irrigation throughout the season using agricultural drainage water.

(T2) Irrigation with agricultural drainage water then using canal water in sequentially.

(T3) Using agricultural drainage water for irrigation till end of the vegetative growth stage and the canal water starting from reproductive stage.
(T4) Using canal water at the vegetative growth stage and agricultural drainage water right before panicle initiation.

(TS) Irrigation throughout the season by canal water
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Table (9). Effect of irrigation treatments and cultivars on Hulling percentage (%), Milling percentage and Broken
grains percentage in 2012 and 2013 seasons:

Hulling percentage
2012 2013
Cultivars
(C) Irrigation treatments (T) Averages Irrigation treatments(T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 84.28 81.44  82.00 81.57 79.88 81.83 84.42 84.2 81.64 81.57  80.22 82.41
Sakha 104 8098 80.75  80.40 81.25 79.22 81.25 83.54 84.32 80.26 82.92  79.79 82.27
Giza 177 8237 81.12  81.42 82.13 79.04 81.42 82.24 82.2 81.45 81.12  80.49 81.9
Giza 178 82.42 8147  79.78 82.09 79.78 80.71 82.22 82.4 80.2 81.39  80.58 81.36
Averages  83.67 8047  80.90 81.26 79.48 81.30 83.48 83.53 80.89 81.75  80.27 81.98
LSD 0.05 ¢ 1 1 LSD 0.05 ¢ I 1
n.s. 0.52 0.71 0.22 0.42 0.79
Milling percentage
2012 2013
Cultivars — . .
(©€) Irrigation treatments (T) Averages Irrigation treatments(T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Hybrid 1 73.65 7137 7081 71.04 69.28 71.23 73.79 71.57 70.95 7141  69.68 71.48
Sakha 104 7234 7273  71.77 72.12 70.95 71.98 75.12 75.69 71.29 7429  71.63 73.60
Giza 177 71.1 7134 70.09 70.13 68.01 70.13 71.03 70.71 70.17 7021  70.21 70.47
Giza 178 73.44  73.58 72.2 72.58 72.04 72.77 73.33 73.84 71.84 7251  71.31 72.57
Averages 7263 7226 7122 80.47 70.07 71.53 73.32 72.95 71.06 72.11  70.71 72.03
LSD 0.05 I ¢ I*C LSD 0.05 I ¢ I*C
0.42 0.38 0.58 0.43 0.27 0.75
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Table (9). Cont......
Broken grains percentage
2012 2013
Cultivars
(C) Irrigation treatments(T) Averages Irrigation treatments(T) Averages
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5

Hybrid 1 10.87 10.41 9.46 9.55 9.85 10.03 10.54 10.21 9.79 9.81 9.54 9.98
Sakha104 931 9.14 8.36 8.27 8.08 8.63 9.50 9.64 8.13 8.35 8.00 8.72
Giza 177 10.03 9.21 9.69 10.51 9.60 9.81 9.91 9.14 9.70 10.11 9.68 9.71
Giza 178 6.93 6.34 6.19 6.28 5.98 6.34 6.71 6.58 6.42 6.25 6.18 6.43

Averages 9.29 8.78 8.43 80.47 8.38 8.70 9.17 8.89 8.51 8.63 8.35 8.71

I C I*C I C I*C
LSD 0.05 0.45 0.36 0.68 LSD 0.05 0.65 051 0.86

(T1) Irrigation throughout the season using agricultural drainage water.

(T2) Irrigation with agricultural drainage water then using canal water in sequentially.

(T3) Using agricultural drainage water for irrigation till end of the vegetative growth stage and the canal water starting from reproductive stage.
(T4) Using canal water at the vegetative growth stage and agricultural drainage water right before panicle initiation.

(TS) Irrigation throughout the season by canal water
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Table (10). Effect of irrigation treatments and cultivars on Gel Consistency (G.c.) and Gelatinization temperature (G.t.)
in 2012 and 2013 seasons:

Gel Consistency (G.C.)
. 2012 2013
Cultivars
(C) Irrigation treatments(T) Averages Irrigation treatments (T) Averages
T1 T2 T3 T4 TS T1 T2 T3 T4 TS
Hybrid 1 87.69 87.78 87.31 87.41 87.85 87.61 87.89 87.92 87.64 87.41 87.38 87.65
Sakha 104 90.07 90.01 89.94 89.95 90.15 90.02 90.23 89.98 89.28 90.05 90.05 89.92
Giza 177 89.31 89.25 89.54 90.11 90.31 89.70 88.38 89.12 89.91 90.11 89.34 89.37
Giza 178 86.83 87.12 86.23 87.03 86.27 86.70 86.84 86.92 87.17 86.83 87.07 86.97
Averages 88.48 88.54 88.26 88.63 88.65 88.51 88.34 88.49 88.50 88.60 88.46 88.48
I C I*C I C I*C
LSD0.05 0.56 0.41 0.78 LSD 0.05 0.51 0.39 0.79
Gelatinization temperature (G.t.)
Culti 2012 2013
u (tg;ars Irrigation treatments (T) Averages Irrigation treatments(T) Averages
T1 T2 T3 T4 TS T1 T2 T3 T4 TS
Hybrid 1 1.6 1.7 1.27 1.37 1.23 1.43 1.13 1.84 1.6 1.37 1.43 1.47
Sakha 104 4.53 4.2 4.3 4.1 4.18 4.26 4.7 4.07 4.37 4.2 4.04 4.28
Giza 177 2.8 2.33 32 24 2.27 2.60 2.87 2.2 2.23 24 2.3 2.40
Giza 178 3.21 3.27 34 3.3 3.7 3.38 3.14 3.07 3.37 3.03 3.5 3.22
Averages 3.04 2.88 3.04 2.79 2.85 2.92 2.96 2.80 2.89 2.75 2.82 2.84
I C I*C | C I*C
LSD0.05 0.12 0.11 0.24 LSD0.05 0.14 0.14 0.25
(T1) Irrigation throughout the season using agricultural drainage water.
(T2) Irrigation with agricultural drainage water then using canal water in sequentially.
(T3) Using agricultural drainage water for irrigation till end of the vegetative growth stage and the canal water starting from reproductive stage.
(T4) Using canal water at the vegetative growth stage and agricultural drainage water right before panicle initiation.
(TS) Irrigation throughout the season by canal water
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5. Grain Quality characters (Milling characters)

Table(9) indicated that the differences between the four tested rice
cultivars regarding milling characters were significant in the two seasons. These
differences might be due to almost their different genetic background. Irrigation
throughout the season using agricultural drainage water (T1) caused the
highest percentages of hulling and milling percentages, also it produced the
highest percentage of broken grains in the two seasons. In contrary the lowest
hulling and milling percentages and the lowest percentage of broken and chalky
grains were found at T(5) treatment when canal water used in irrigation
throughout the season. It is obvious that increasing the dose of the canal water
used in irrigation under the present study might improve grain filling processes
at the caryopsis of the spikelet's which caused heaviest brown rice and lightest
hulls. But increasing the dose of drainage water for rice irrigation might be
caused male formation of grain endosperm that produced more brittle caryopsis
which led to high broken percentage. The interaction between rice cultivars and
irrigation treatments on milling characters was significant in the two seasons. It
is worthy to note that mean values of the tested cultivars regarding all milling
characters were improved gradually with increasing the quantity of canal water
used in irrigation.

6. Cooking and Eating Quality

There were significant differences between the mean values among
cultivars except cultivars effect of amylase content in the first season regarding
all the cooking and eating quality characters under study in the two seasons
(Table, 10). While among the cultivars Sakha 104 followed by Giza177 rice
cultivars were proved to has the softer GC in both seasons. This varietal
variation might be due to their differences in their genetic makeup. Additionally,
it is revealed that all studied characters; Gel Consistency (GC) and
Gelatinization temperature (GT) increased gradually by increasing the dose of
canal water used in the irrigation in different growth stages. Different results
were obtained for the interaction between cultivars and irrigation treatments. In
the two seasons, this interaction was significant for all cooking and eating
quality characters the two seasons of study.

CONCLUSION

This study recommend using rice cultivar Giza 178 as the best cultivar
among studied characters under the same soil and water condition. In addition
using agricultural drainage water for irrigation till the end of the vegetative
growth stage. Irrigation by canal water starting from reproductive stage gave
same results as irrigation throughout the season by canal water for most of
studied characters including grain yield. Rice is salt-sensitive (Shannon, 1997).
The threshold for yield reduction is 3 dS/m of electric conductivity in the
saturated soil past extract (EC¢), with 90 percent yield loss at 10 dS/m ECe.
Rice is relatively salt tolerant during germination, tillering, and toward maturity,
but is sensitive during early seedling and at flowering and grain filling.
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