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ABSTRACT

This investigation was carried out at the Experimental Farm station, El-Karada, Kafr El-
Sheikh Governorate, Egypt during 2002 and 2003 seasons to investigate the effect of water
salinity levels (100% drainage water "ws", 50% fresh water + 50% drainage water “wy" , 66.67%
fresh water + 33.33% drainage water “ws™ , 75% frash water + 25% drainage water “ws,” B0%
fresh water + 20% drainage water "ws” and 100% fresh water “ws™) on yield of three rica cultivars;
(Giza 177", v4" Giza 178 “v;" and Sakha 104 “v3"). The results indicated that Giza 178 produced
the highest average values of leaf area, root length,. number of root per plant, root volume,
shoot/root ratio, panicle fength, No. of branches per panicie and panicie weight in both seasons.
On the other hand, Sakha 104 cuitivar had the highest average values of No. of filled
grains/panicle, 1000- grain weight, spikely ratio, grain yield per fed. and water utilization efficiency
in the two seasons. Giza 177 had the highest average values of dry matter accumulation and
plant height at harvest in both seasons. Using the irrigation water with 100% or 80% frash water
recorded the highest average values of the forementioned characters, whereas, the lowest averge
values were obtained by wy and wz treatments. Data clear that no significant differences among
the three rice cultivars for rice quality. Also, rice quality had no significant effect due to imigation
with water salinity . Generally, from the result of this study, the mixed water of the fresh and the
drainage water for sakha 104 cultivar produced the highest yield.

INTRODUCTION

Rice (Oryza sativa L.) is one of the most important cereal crops in the
world due to its grain nutritive value and the relatively lower cost of production
than any other food sources. In Egypt, rice is one of the principal cereal food as
well as exporting agriculture crop. RRTC {2002) reported that the total cultivated
area in 2001 was 1.340 million feddan produced 5.230 million tons of paddy rice
with an average yield about 3.900 ton/fed.

Under the conditions of arid and semi-arid regions, as in Egypt, irmgation
water is a limiting factor for agricultural expansion. The use of low water quality,
such as drainage water might be requested. About 7.7 billion m® of drainage
water are expected to be used for imigation in the Delta (Abu zeid, 1995). The
policy of the government in Egypt is to reuse drainage water for irrigation by
mixing with Nile water 1: 1 if the concentration is 700 to 1500 mg/L., ratios of 1:
2: 1:3 if its concentration is 1500 to 3000 mg/iL respectively and 1.4 if its
concentration is more than 3000 mg /L . Studying crop production under
different levels of saline water is considered for evaluation water use. It is
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known that field crops and their varieties differ greatly in their response to
salinity, Actual response to salinity varies also with stage of pilant growth,
(Jefferies, 1988). The degree of injury, however, depends on the nature and
concentration of salts, soil pH , water regime, method of planting, seedling age,
growth stage of the plant, duration of exposure to salt, and temperature (US
Salinity Labs. Staff, 1954). Ponnamperuma and Bandy Opadhya (1980).
reported that, symptoms of salt injury in rice are stunted growth, rolling of
leaves, white leaf tips, white blotches in the laminae, drying of older leaves, and
poor root growth. The percentage of dead leaves is a good measure of sait
injury. Also, salinity during reproductive stage decreases grain yield much more
than salinity during vegetative growth stage (Akbar and Ponnamperuma 1982).
Most rice cultivars are severely injured in submerged soil culture on EC of 8-10
dsm™ at 25C’; sensitive ones are damaged even at 2dsm™ (Mass and Hoffman
1997). Continuous irrigation in saline soils is generally recommended to help
salt leaching from the root zone, particularly with poor quality water. It was found
that irrigation at 4-day interval under these conditions gave the highest yield
(Abo-Soliman et al. 1992, El-Mowethi et al. 1995 a or b and Zayed 1997).

The objective of the present investigation was to study the response of
some rice cultivars to different irmigation water qualities and also to define the
adapted cultivar with using low water quality.

MATERIALS AND METHODS

Two field trials were conducted at the Farm of El-Karda Agricultural
Research station, kafer El-sheikh Governorate, Egypt, during 2002 and 2003
growing seasons to study the effect of different levels of water salinity on some
rice cultivars. Some physical and chemical properties of the soil site for the two
experiments were determined according to FAQ (1976) and Black (1965) and
presented in tables (1and 2). The chemical analysis of fresh and drainage water
were according to Richard’s Analysis (1969} and are presented in Table (3).
Each experiment included 18 treatments, which were the combination of the
three rice cultivars Giza 177 (v;} , Giza 178 (v;) and sakha 104 (v;} and six
water salinity levels as follows:
1-100 % Drainage water (w,).
2-50% fresh water + 50% drainage water (w.).
3-66.67% fresh water + 33.33 % drainage water (w,).
4-75% fresh water + 25 % drainage water (w.).
5-80% fresh water + 20 % drainage water (ws).
6-100% fresh water (ws).

The total water applied in the two seasons was 4192.91 and 4402.56
m’/fed., respectively.

The design of each experiment was split-plot design with four replications.
The main-plot was assigned for the six water salinity levels and the sub-plot for
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the three rice cultivars. Therefore, six main plots were utilized each was 10x20
m and was surrounded by two meter wide ditches for water delivery.

Rice grains at a rate of 50 kgffed. was used and sown as usuai on 15" and
17" May the first and second seasons, respectively. A recommended
phosphorus fertilizer was added to all plots during the preparation of the soil site
at the rate of 15 kg P.Os/fed. Nitrogen fertilizer was applied in the form of
ammonium sulfate (20.50%j at the rate of 60 kg N/fed.

Seedling (3-4/hill) were transplanted in hills 20cm apart and 20cm between
rows. The weeds were chemically controlled using Saturn (2 /fed.) at 7 days
after sowing in the nursery and at four days after transplanting in the field.

The two outer rows were excluded to eliminate the border effect and
growth attributes samples were taken from inter three rows of each plot and the
following characters were estimated:

[-a. Growth characteristics:

1- Dry matter accumulation: samples were randomly taken at 20, 35, 50 and
65 days after transplanting. Samples were air dried and then to a constant
weight in a forced air-oven at 70°c and dry weight was recorded.

2-Leaf area: Leaf area was measured according to the method proposed by
Gomez (1972).

3- Growth rates: were estimated according to Radford (1967) and Hunt (1989)
as follows:

3.a) Crop growth rate: (CGR).

W2-W1  (g/m’week)
T2-T1
loge"toge ¥, (g/g/week)
T2-T1
Where, w, and w; refer to the weight of dry matter attime t, and t;
3.c) Net assimilation rate: (NAR)=
W2 - w1 . loge

3.b) Relative growth rate: (RGR)

(g/cm?iweek)
T2-T1 LA2 —L A1
Where, LA, and LA, refer to the leaf area attime ¢; and t,

I.b. Shoot and Root characters at panicle initiation:

1- Root length “cm”

2- Number of roots /plant .Number of all developed secondary and tertiary
roots/ plant was counted (IRRI, 1984).

3- Root volume (cm®: volume of the root /plant was determined at the
maximum tillering stage in cubic centimeters by emerging the roots in a
measure cylinder tube filled with water. (IRR1, 1984).

4- Shoot/Root ratio.
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ll- Yield and its components:

At harvest, plants of ten guarded hills were taken at random from the fifth
inner rows in each sub-plot (3x4m) to determination the following characters:
panicle length (cm), number of branches/panicle, number of filled grains/panicle,
panicle weight (g), 1000-grain weight, spikely percentage, and piant height
according to the standard evaluation system for rice IRRI (1996).

In addition, the five central rows of each plot were harvested and left for air
drying about three days, then tied and threshed. Grain yield (kg/m?® was
determined (at grain moisture content about 15%) then converted to estimate
grain vield in tons/fed. Water utilization efficiency was calculated as follows:

WUE= Rice grain yield (tons/fed) /total water applied (m*/fed).

For the quality characteristics. grain length, grain width was determined as
average of 15 grains of rough rice per genotype. Grain shape was determined
according to Khush et al. (1979). Gel consistency was measured as described
by Cagampang et al. (1973). Moreover, gelatinization temperature was
measured in terms of alkali disintegration, six uniformly milled grains /replicate
were placed in smail petri plate containing 1.7% KOH solution at 30  1° ¢ for 14
hours samples were scored for the nature and degree of disintegration following
the procedure outlined by IRRI {1§75).

ill - Irrigation water applied:

Discharge measurements were made by using a fixed crested weir using
its Empirical equation according to Masoud (1967), as follows:

Q= CLH¥?
Where:
Q = Discharge in cubic meter per minute.
L = Length of the crest in meter
H = water head in meter
C = Coefficient of discharge

All collected data were statistically analyzed using the I[RRISTAT.
computer program (IRRI, 1991). Duncan's {1955) multipie range test (DMRT)
was used to compare means at 0.01 and 0.05 level of probabifity.

RESULTS AND DISCUSSION
i-a Growth characteristics:

1-Dry matter accumulation (g/hill):

The data presented in Table (4) indicate that the response of (DMA) to
water salinity levels was positively affected. The treatments of 100% or 80% of
irrigation with fresh water recorded significantly the highest average values.
Whereas. the lowest average values were obtaned by 50% or 100% of
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dramnage water, this reduction might be attributed to the hazard effect of high
salinity levels on plant photosynthesis. Aiso, the drainage water caused a
harmful effect on the seed germination. Data also, indicate that sakha 104
cultivar had a highest dry matter accumulation comparing with Giza 177 and
Giza 178 in the first and second growth stages while, in the third and fourth
growth stages Giza 177 was the highest.

The effect of the interaction among cultivars and irrigation with water
salinity levels on dry matter accumulation was significant in both seasons. The
highest average values were recorded by Giza 177 with ws and wy treatments,
while, the three cultivars with w; and w, treatments gave the lowest average
values. Similar results were obtained by Ei-Mowelhi et al. (1995 a or b), Assey
(1987), Zayed et al. (1997) and Zein and Shahawy (2000).

2- Leafarea:

it is clear from Table (5) that leaf area was affected significantly by
irrigation with water salinity in both seasons. The highest averages were
recorded by all treatments, except, w; and w; treatments which had the lowest
averages in the two seasons.

Data also, indicate that no significant differences were obtained between
cultivar Giza 178 and Sakha 104 in all growth stages except Giza 178 which
surpassed significantly all other cultivars in the fourth growth stage in both
seasons.

The effect of the interaction between cultivars and irrigation with water
salinity levels on leaf area was significant in both seasons. The three cultivars
with the two treatments ws and wg gave the highest averages, while, wy and w;
treatments gave the lowest ones in both seasons. Similar results have been
reported by Matsushima (1966), Technical report No. 48 (1986), Ebaid (1995)
and Fukai (1996).

3- Crop growth rate {CGR), relative growth rate (RGR) and net assimilation
rate {(NAR)

Data in Figs.(1, 2 and 3) showed that these characters responded
significantly to irrigation with different levels of water salinity in both seasons.
All the mixed water gave the best results for these characters, except those of
w, and w, The lowest average values for dry matter accumulation which
affected badly with w, and w; treatments and also, this reduction might be
attributed to the hazard effect of high salinity and sodocity of drainage water on
photosynthesis rate. Data showed that cultivars varies significantly in CGR,
RGR and NAR in both seasons. Giza 177 produced significantly the highest
values for these characters, while Giza 178 had the lowest vaiues in the two
seasons. This superiority of Giza 177 over the other two cultivars can be
attributed to its relatively higher dry matter accumulation (Table 4) while, the
opposite was true for Giza 178 in both seasons. Similar results have been
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reported by Radford (1967) and Hunt(1989). The interaction had a significant
effect in both seasons.

I-b Root characteristics:

The data presented in Table (8) showed that all these characters were
affected significantly by irrigation water salinity levels in both seasons. The
highest average values for these characters were recorded by ws and wg
treatments, while, wy and w. treatments had the lowest values, due to its high
salinity and sodocity levels. Data also, indicate that significant differences
among the three cultivars in root length, number of roots/plant, root volume and
shootfroot ratio in both seasons. Giza 178 produced significantly highest
average vatlues for these charactars, while, Sakha 104 had the lowest averages
only in the number of roots/plant and root volume. These results are in harmony
with those obtained by Ebada (1992) and Zayed (1997) which they found that
Giza 178 gave the highest averages for root length and shoot/roots ratio
chracters compared with sakha 102 and Saicha 104 cultivars.

The interaction was significant between cultivars and irrigation with water
salinity levels in the two seasons. The highest average values for these
characters were recorded by cuitivars with ws and ws treatments, while, the
lowest average values were recorded by cultivars with wy and w, treatments.

Il. Yield and its components:
Il. a. yield components:

Data presented in Tables (7 and 8) showed that these characters were
affected significantly by irrigation with water salinity levels in both seasons.

The use of imigation water with 100% or 80% fresh water recorded the
highest average values of the forementioned characters, whereas, the lowest
average values were obtained with 50% or 100% of drainage water treatments,
which have high salinity and sodocity levels.

Data also, indicate that significant differences among the three rice
cultivars in plant height, panicie length, panicle weight, number of
grains/panicle, 1000-grains weight and spikely percentage characters, except
number of branches/panicie in both seasons. 1t is clear that Sakha 104
Produced significantly highest average values followed by Giza 178 cultivar, for
these characters except, plant height, whereas, Giza 177 gave the highest
average value for plant height .

The interaction was significant between cultivars and irigaition water
salinity levels in both seasons. Giza 177 with all mixed water except drainage
water only “wy" produced the highest average values in plant height, panicle
length and number of branches/panicle while, Sakha 104 produced the highest
values for number of grains/ panicle, 1000- grains weight and spikely
percentage characters when irrigated with all levels of water salinity except
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100% drainage water treatment. These results showed great similarity to those
obtained by Mass (1990), Ebada (1992), Ebaid (1995) and Mass and Hoffman
(1997).

Il. b. Grain yield and water utlization efficiency(WUE):

Resuits indicate that these characteristics responded significantly to
irrigation water salinity levels in both seasons. The resuits showed that using
fresh water (wg) for irrig;ation produced the best grain yield. and WUE (4.69
tons/fed and 1.12 kg/m” of water, respectively) in the first season and ( 4.46
tons/fed and 1.06 kg/m® of water, respectively) in the second season. Also, it
was found that mixed water gave siightly reduced grain yield, white, reusing
drainage water (w,) significantly dropped the grain yield and WUE (the reduction
rates of grain yield and WUE were 45.59 and 45.63% , respectively) in both
seasons. These resuits are in agreement with those obtained by Yadov (1973),
Verma and Neue (1984), Technical report No.48 (1986) Ebaid (1995), El-
Mowelhi et al (1995a or b), and Mass and Hoffman (1997).

Data also, showed that cultivars had highly significant variation in grain
yield and WUE in both seasons. Sakha 104 produced significantly highest grain
yield and WUE while, Giza 177 had the lowest averages in grain yield and WUE
in both seasons (Tables 7 and 8 and Fig. 4 ). This superiority of Sakha 104
cultivar in grain yield over the two cultivars can be attributed to its relatively
higher panicle weight, number of filled grains/panicle and 1000-grain weight,
while the opposite was true for Giza 177, in both seasons.

The interaction was significant between rice cultivars and irrigation water
salinity levels. The highest average values were obtained by Sakha 104 with all
mixed water salinity levels except wy treatment, of compared with the other two
cuitivars. Similar findings have been reported by Ebaid (1995), El-Mowetlhi et al
(1995 a or b) and Mass and Hoffman (1997).

lll. Rice Quality

Data presented in Table (9) showed that these characters insignificant
affected by all irrigation water salinity levels in both seasons. Data also, showed
no significant differences among rice cultivars for all these characters in both
seasons. All rice cultivars were in soft gel consistency and had low GT.
indicating less resistance and shorter cooking time. These results showed great
similarity to those obtained by Cagampang et al. (1973), Khush et al. (1979}, Ei-
Kady ef al. (1992), Rafey et al. (1992) and IRRI (1996).
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Table 1. Soil physical properties of the experiment site.

Particle size distribution Soil texture
Soil depth
cm Sand % Silt % Clay %

0-20 15.60 2220 62..00 Clay
20-40 18.30 25.20 56.50 Clay
40-60 2235 26.20 51.45 caly

Table 2. Scil chemical properties of the experiment site.

Ee PH Soluble cations (meq/L) Soluble anions (meq/L)
2.

So“;::pth dvem 125 Mg++ Na+ K+ Coy Heoy cl-  So-
0-20 198 82 56 5.00 9.2 0.65 - 9.1 65 4.85
20-40 220 8.1 64 570 9.7 0.75 - 900 69 665
40-60 260 82 69 585 14.3 0.85 - 102 12,1 560

So, = Was determined by difference between cations and anions.
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Table 3. Chemical analysis of fresh and drainage water (averages of four
random samples during).
Samples PH Ee Soluble cations {meq/L) Soluble anions {(meg/L) SAR
ds/em  Ca++  Mg++ Na+ K+ Co;  Hco, ¢l Sos

157672007

f ¢

e WAIST ¢4 061 335 200 066 028 320 180 147 040

Crrainage

el 79 121 468 252 272 LI0 - 640 345 234 143
51872002

frshwater o0 055 218 197 144 086 - 400 125 052 093

Drainage "

Wt 762 172 622 433 516 226 812 675 213 224
12/6/2003

freshwaler 00 046 150 150 165 026 - 310 12 08 135

Deai

e, 760 174 743 326 442 157 . 74 TUS 285 181
11/872003

fresh water

81 062 138 275 125 092 - 323 203 LI3 087
Drainies 76 212 s14 703 497 407 . 682 887 552 201

Vol. 9 (3), 2004 717



J. Adv. Agric. Res. {Fac. Ag. Saba Basha)

Table 4. Effect of irrigation with different levels of water salinity and rice cultivars
as well as their interaction on dry matter accumulation (g/hill) at four
growth stages in the two seasons (2002 - 2003).

Treatments Growth-1 Growth-2 Growth-3 Growth-4
45 days 60 days 75 days 20 days
2002 2003 2002 2003 2002 2003 2002 2003
water salinity
levels
Wi 32.23f 50.661 64471 62.54f 70.17f 68.07f 95 08e 92.23¢
W2 6527 63352 77.38e 75.06¢ 83.36¢ 80.86e 128.714d  124.87d
Wl 74.35d 72.92d 360.41d R3.82d 1093 107.60d 139 42¢ 123.24¢
W4 8252 80.04¢ 94 95¢ 92.iGc 123.17¢ 1§9.48¢ 179 57b 154.78b
W3 9246k 8%05b 103.82b  i00.70b  t31.54b  12760b  172.88a 167.6%
Wé 09872 106582 122.11a 118.43a 148.78a 144.32a 170.06a 164.95a
Cuitivars
Vi 8G.42b  78.01b 92.66¢ 89.88¢ 114.99a 111.54a 154228 149.59a3
V2 7t.63¢ 69.49c §3.81b 81.29 109.516  J0622b  131.64¢ 127.69¢
V3 86.30a 83.7la 98 t0a 95.16a 109.48b 106.20b 147.0lb 136.60b
Interaction
Wi 47.8%c 46.43c 60.11c 5831c 73.34de 71.14de 96.4%9¢c 93.59¢
W2 72.04b  69.88b 34.28b 81.75b 87.73d 83.09d  137.25h¢  [33.13bc
Vi W3 75.52b  73.2% 87.76b 85.13b 108.79¢ 105.53¢  14698b  142.57b
W4 78.82b  76.46b 91.07b 88.34b 120.88b  12598b 171.26ab 166.12ab
W5 87.386  84.76b 99.62b 96.63b 144.89a 140.46a 186.35a  180.76a
We 120892  117.26a 133.132  129.14s  145.83a 141.02a 186992 181.38a
Wt 53.78¢ 52.17c 66.02c 64.04¢c 68.64d 66.584d 70.04¢ 67.94¢
w2 65496  63.53b 17.34b 75.02b 81.73¢ 79.28¢ 124.40b  120.67b
V2 w3 T4.96ab 72.71ab  §6.464ab 84.04ab I1ESlbc  108.55bc  126.34b 122.55b
W4 74.40ab 72.17ab  87.20ab 84.58ab 122.1%b 118.52b 15i.87ab 147.31ab
w5 758ab 73.53ab 88.04ab  8540ab  12338h 119.68b  [55.63a 150.96a
w6 8537a R28la 97.61a 94.68a 149.20a [44.72a 161.57a 156.76a
L 55.04e 53.3% 67.28¢ 65.26e 68.54¢ 66.48e 118 72d 115.16d
W2 58.29d¢  56.54d 70.33d 68.41d 80.62d 78.20d 124.56c  12082¢
Vi W3 72.58¢ 70.40¢ 84.82¢c 82.28¢ 112.08¢ 108.72¢  144.95b¢  104.60bc
w4 94.33b 91.50k 106.57b 103.376 H7.45bc  113.93bc  155.57b 150.90b
W3 11421ab 1§0.73ab 123.79ab 120.08ab  126.45h 122.66b 176662  17].36a
Wé 12336a 119662 135608 13153a 151,762 147.21ab 161 6lab 136.76ab

Means followed by a similar letter are not significantly different at the 5 % level by
DMRT.
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Table 5. Effect of irrigation with different levels of water salinity and rice
cultivars as well as their interaction on Leaf area (cm®) at four growth
stages in the two seasons (2002-2003)

Treat-ments Growth-i Growth-2 Growth-3 Growth-4
45 days 60 days 75 days 90 dsys
2002 2003 2042 2003 2002 2003 2002 2003
water
safinity
levels
wi 1713.92bc  1685.71bc 1862.08h 1821.80b - 2258.19c 2i77.30c 2497.55b 2391.27b
w2 1861.057b  1802.52b 2114.01bc 2008.30bc 249295bc 2529.76bc 2856.46b  2713.64b

W3 20647.21b  1853.24b  2378.55b 2259.63b 2830.00b 2549.35b 3037.75ab 284%.45ab

w4 2130.Flab  2023.63ab 2491.49b 236692b 273459 2453.10b 3218.89ab 2807.81ab

W5 2321332 2296992 2611.72ab 2420.85ab 2982 44ab 2842.70ab 3639.31a 3374.15a

wa 2703.78a  2477.10a 3031.89a 2940.58a 3201.05a 3040992 3889.09a 3694.64a
Cultivar

Vi 1787.71b  1698.32b 2395.73ab 227594ab 2159.52b 205154b 2479.16b 2404.7%

V2 2168.14a  2059.73a 243098a 230943a 275865a 2620.72a 3386.35a 3217.03a

V3 2077.51a 1973.63a 2426.50a 2305.18a 2720.79a 2584.75a 2809.91h  2669.41b
Interaction

wi 1654.75d  1572.01d 1942.50¢ 1845.38c 2226254 211494d 2568.75¢ 2440.31c

w2 i812.70d  1722.07d 2058754 1955.81d 2454.04bc 2815.70bc 2815.96b  2675.16b

Vi W3 2133.85¢c  2027.i6c 2475.38bc 2351.61bc 2063.89c 2331.34c 292525b 2669.70b
w4 222743c  2116.06c 2400.75c 2280.7ic 2577.58b 2448.70b 2957.50b  2809.63b
W5 2370.8ib  2527.51b 2538.18b 241E.27b 2B46.75ab 27044lab 3607.502 3427.13a
Wo6 2660.54a  2252.51a 295880a 2810.86a 3052.50a 2899.88a 3444.65a 3272423

W1 1722504 1809.02d 1810.00d 1830.46d 2414.09d 2293.39d 2789.66d 2705974
w2 1904.23d  1911.11d  2170.79¢cd 2062.25cd 2527.31cd 2400.94cd 2754.18¢ 2616474
v W3 2011.67c  163595¢c 2256.43b 2i43.61b 2670.55¢ 2537.97c 3254.94c  3092.23¢
w4 2018.11c  1917.20c 264630b 2513.99b 2671.55¢ 2537.97c 3440.19c 2517.78
WS 2351.18b  2233.56b 2336.05ab 221925ab 3i75.56b 3016.78b 370293b 3268.18b

w6 3001.00a 2851.58a 3366.30a 31978.99a 3591.84a 3412252 4376.19a 4157383a
Wi 1764504  1676.09d. 1833.75d 1789.56d 2134.24c 2123.58c 2134.24c  202753c
w2 1867.78d 1774.39d 211250c 2006.88c 2497.50b 2372.63b 2999.25b 284929
Vi W3 1996.tic  1896.60c 2403.85b 2283.66b 2854.56ab 2778.73ab 2933.06b 2786.41b
w4 2144.8b  2037.62b 2427.43b 2306.06b 295469z 2372.63a 3258.97ab 3096.02ab
w5 2242.0ab  21299ab 2960933 2632.03a 2925.00a 280691a 3607.50a 3427.13a
W6 2449.79a  2327.22a 2770.56ab 2812.88ab 2058.80a 2810.86a 3846.44a 3654.i2a

Means followed by a similar lefter are not significantly different at the § % level by
DMRT.
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Table 6. Effect of irrigation with different levels of water salinity and nce
cuitivars as well as their interaction on root characters and shoot
/Root ratio at panicle initiation in the two season (2002-2003).

Treatments Root length “cm) No.of Rootwplant Root Volume''cm3™ Shoot/Root Ratio
2002 2083 2002 2003 2002 2003 2002 2003
water salinity
bevels
Wi 2844c  2702c 24689  234.55F  3044c 2892 1.50p 1.43b
w2 27.89c  2630c 27033 2568le  3267b  3L04b  1.18cd 1.12cd
w3 29226 2776b  276.36d  262.73d  33.00ab  31.35ab  135¢ 1.28c
w4 30.t1b 2860b  28547c  27120c  34.67ab  3294ab  1.54p 1.46b
w5 32.00ab  30.40ab 327672 31128 3633a  3451a 182 1.73ab
w6 3415a 3240 303.00b  287.85b 3600a  3420a 198 1.88a
Cultivars
Vi 29.05c  27.60c  28800b  273.60b 3367ab 3199ab  §.38b 1.35b
v2 32.00a 30408 294.73a 27999 3528a 13522 L.54a i.46a
v3 30336  288Ib  27222¢  2586ic  326lb  3098b  1.50a 1 43a
Interaction
Wi 2633¢  250lc 258554 245104 27.00b 2565  (.75¢ 0.95¢
w2 2633 250lc  25533d 242564 34.00a 3230a  1.00c 0.95¢
Vi W3 27.33bc  25.96bc  253.67d 240990  3433a  3261a 132 1.25h
w4 3033ak  288lab  27567c 26189  34.67a  3294a  1.3% 1.32b
w5 3200a 30408 38367d 36449 3733 3546 1.7%a 1.69b
W6 3200a  3040a 301672 28659 3467a  3294a 2.0la 1912
Wi 29676 28190  258.00c  24510c  3433b  3261b  1.00c 0.95¢
w2 2933b  27.86b  296.67bc  281.84bc  3233¢  30.7ic  1.34ab }.27ab
V2 W3 3067b  29.14b  30033bc  2853ibe  33.67b  31.99b  1.46ab t.39ab
w4 31.67b 30050  304.07ab 28887sb < 34670  3294b 173 1.64b
w5 31006 29455  30333d 288.16zb 37.33ab  3546ab 1,76b 1676
w6 39.67a 37692  30600a 290.70a 3933a 3736 1.9%a 1.85a
w1 2933b  27.86b  22467¢ 21344 30.00b  2850b  l.14c 1.08¢
w2 2800b  2660b  259.006 246054 31.67ab  30.0%b 1.2ib 1.15b
V3 w3 29672 28.19a 27567 261.89%c 31.00sb 294%ab  1.26b 1.20b
w4 2833 2691b  27667c  26269h 34672  3294a  1.50ab 1.43ab
w5 33.00a 31358 206.00b  28L.20b 34332  326la 192a 1.82a
W6 3367a 3199 3013)a 286262 3400a  3230s 197 1.87a
Means followed by a similar letter are not significantly different at the 5 % level
by DMRT
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Table 7 Effect of irrigation with different leveis of water salinity and rice
cultivars as well as their interaction on grain yield (tonffed.), its
components and WUE (kg/m°) in 2002 season.

Treatments Plant Panicle No.of  Panicke  No.of 1000- % Grain yield WUE
height length bramches/ weight graine/  grains  Spikely  (rons/ fed. (kg/ wh)
“cm™ wem™ panicle g pamicle  weight ]
nl"

walter salinity

levels
wi 8189 20.59d 995bc 290¢ 7867 2i43e 11042 193¢ 0.94¢
w2 8491d 219 10726 290 103444 2340d 651  403c 0.96¢
W3 814.70d 2239 {l06ab 3.03d 103.00d 2480c 532bc 445ab 1.06ab
w4 94 86c 22306 1i6la  332c 11722¢c 2651b 483 447ab 1.07ab
w5 105.72b 23.50ab 116la 4.01b 132.22b 26.60b 3.6lcd 4.37b - 1.04b
Wé 112472 2400a 1228a 439a 143782 3038a 191d 4.69a I.12a

Cuitivars
Vi 9546a 219% 11442 3.16b 10878 25356 428 399 0.95b
V2 9421b  23.70a 11.17a 3572 11333b 21.78c 6242 43lab 1.03b
A2 92.6ic 2167 11002 356a 117.008 2946¢c 6082 445 1.06a
lnteraction

wi 8393¢ 2157c 1017e 2744 7400c 1994de 7.00a 31.60b 0.86b
w2 88.30d 20.20d 1083bc 264d (03.00c 201.00d 5.57a 352 0.84b

vl w3 88.00d 21.17¢  1L17bc 327bc BB67d 2333c  3.i7ab  4.13a 0.98a
w4 94.34c 2227ab 1.83ab 3.19% 124006 27.30b 3.76ab 4202 1.00a
W5 100.93b 2337a 11.83ab 349ab 11567b 2740b 4.25ab 4.00ab (.95ab
W6 117.23a 23.40a {2.83a 3.64a 14733s 33032 1.94b 447 107
Wl 8147d 2147d 1017d 3.i2c 7833c 1966cd 14232 3187 0.92b
W2 8207d  2430ab 11.17ab 3.13¢ 8§933d 20.77b¢ 649b  407ab 0.97ab

V2 W3 86.28¢ 2367 11.17ab 33lc 103.00c 21200 645b 442a 1.05a
W4 9500b 2223¢  tl.d7ab 326c 11433h 21276 447c 4.43a 1.06a
w5 109.57a 25232 11502 4.03b 14633a 22.17ab 4.07c 4402 1.052
w6 110.87a 2530a t1.83a 459 148672 2560a 1.73d 467a Lila
Wi 80.27d 1873d 9.50d 28% B8367c 2470c 1188 433ab 1.03ab
w2 84.37¢  21.33¢  1017cd 292 118.00b 2844bc 746b  4.508b 1.07ab

Vi W3 79.83b 2233b 1083 267c 11733b 2986b 6350 4802 1.14a
Wi 85.23b 2240b 11.83ab 350b 117336 30952b 625b 4.77a 1.14a
w5 106.67ab 21.90b 11.50ab 4.50ab 13467a 3031ab 25c 4.70a l.i2a
W6 109308 23.30a 12172 493a 13533a 3252a 205c__ 493a 1.18a

Means followed by a similar letter are not significantly different at the 5 % level by
DMRT.
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Table 8 Effact of irrigation with different levels of water salinity and rice cultivars as well as their interaction on
grain yiekd (ton/fed ), its components and WUE (kg/m®} in 2003 season.

Treatoe  Plant  Panice Noof Paice  Nool  1000- % Grain WUE
nts height  length  branchey  weight  graim g Spikely yield (hgfom’y
“m® ew” panicle “g"  /penide w:gn {iony/ fed)
003 2003 2003 003 2003 2003 2003 2003 2003
water salinity levels
Wi 7780 1956  9.25bc 2760 T4Te 2036 10492 37k 0.89%
w2 3067d 2084 99% 276d  9827d 223d 618 38k 091¢
w3 3047 21276 1022 2884 97854 2356c S0She 423 1.01b
Wi Qlle 2196 107%b 315 256 2518 459%c 425 1.01b
W5 004  23eb  1680b 381b 2561k 2533b  343ed  415b 09%
W6 108Sta  280a  1142a 417  136%a 2886 1Bld 4462 1.06a
Cultivar
vi 069 208% 1064 3006 B 24086 40T 37% 090¢
V2 89.50b 22522  103Ma 33 076 206% 59 40% 0986
vi 875%c  20.5%c  1023a 338 168 279% 578  4.2a 101
Ineraction
wi MBe W4a% 946k 260d 7030 1354d 6652 342k 081bc

W2 838 1919 1007k 25id 9785 19954 529a 3.3Mbc 0.80bc
VI W3 8360d  20.1ic 10.3%¢ Jilbe 3424d 2216  301ab 3.52ab 0.93ab

w4 8962c  21.168b 11.00ab 3.03¢ {1780b  2594b 3.57ab 3.99ab 0.950b

w5 95880  2220a 11 00ab 332 1098 26126 404ab 380 091b

Wé 16378 22232 1193a 3.46a 13996 3138 1.84b 4258 1.01a
wi 7140d  2040¢  946b 2.96c 7441 1868cd  13.52a 1.68b 0.88b
w2 779 23.09ab  10.3%ab 29% 848d 197 617b 387 0.92b
V2 W3 8197¢  224%  1020eb KA L 9785  20.14b 6.13b 420a 1.00a
w4 90256 2112 10.26ab 310 186> 2021b 425 42la 1.00a
w5 104092 23978 10.70e 3.83b 1390la  2t068b 387 4.18a 1.00a
wé 10533a 23.04a 11002 4.36a MiXe 2437 1.64d 444a 1.06a
wi 7626d 1779 884d 271 4% 2347 11.2%  4llab 0.98sb
w2 80.15¢  2026c  9.46cd 27K 112106 270 7.0% 4,28ab 1.02ab
V3 W3 7584 21210 1007k 2.54¢ 111466 2830 6030 4.56a 1.09
w4 %47 21286 1).00ab 3133 4126 2940sb 594b 4.53a 1.08a
w5 101.34ab 20816  10.70ab 428ab 1279 287 238 4.47ab 1.07ab
Wb 103848 22.14a  11.32a 4.68a 12856a _ 3080a 195 4.68a 1.12a

Means followed by a similar letter are not significantly different at the 5 % level by DMRT.
Table 9. Effect of irigation with different levels of water salinity on Grain quality in both seasons 2002. 2003

Varabis  F Water saliuaty levels “W™ Fist  Culvan "¢ GiW
=T WI W3 WA WS We G Gz Sadm mer
_ 177 118 104
2002 season
Grain length Ns 797 777 78 78 78 783 Ns 783 78 783 Ns
Grain width Ns 320 313 306 320 330 343 Ns 513 318 315 Ns
Grain shape Ns 252 251 253 244 281 268 Ns 269 249 255 Ns
Geloonsisency Ns ®2 O %50 %0 %7 0 N BB &6 W17 Ns
Gelwmizton  Ns 533 500 S33 S67 600 560 Ns S50 533 567 Ns
Temperahmre
2003 season
Grain length Ns 697 720 730 78 79 79 Ns 758 758 745 Ns
Grain width Ns 203 297 298 303 323 330 Ns 303 310 311 Ns
Grain shap Ns 237 242 246 258 246 242 Ns 252 245 239 Ns
Gleomsisttcy Ns D) 00 8600 OB 0 96 N KN BB 910 Ns
Gelaivizzon ~ Ns S04 506 516 57 595 S598 Ns 585 542 S52 Ns

temperature

Means foliowed by a similar letter are not significantly diffarent at the 5 % level by DMRT.
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Fig. (1): Effect of mean interaction between irrigation with different levels of water salinity and three rice cultivars on crop
growth rate at different stages in 2002-2003,
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Fig. (2): Effect of mean interaction between irrigation with different levels of water salinity and three rice cultivars on
relative growth rate at different stages in 2002-2003,
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Fig. (3): Effect of mean interaction between irrigation with different levels of water salinity and three rice cultivars on net
assimilation rate at different stages in 2002-2003.
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Fig. (4): Effect of mean interaction between irrigation with different levels of water salinity and three rice cultivars on grain

yield (ton/fed) in 2002-2003.
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