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Abstract

The interaction between water regimes and potassium levels
was studied, using two rice cultivars, i.e., Sakha 104 and Giza 178,
at the Experimental Farm of Rice Research and Training Center
(RRTC), Sakha, Kafr El-Sheikh, Egypt, during 2003 and 2004 rice
seasons. Four water regimes, namely, continuous flooding,
continuous saturation, irrigation every six and nine days as well as
four potassium levels, namely, 0, 57, 86 and 114 kg K,0O/ ha were
used. The experiments were laid out in a split split-plot design,
with four replications. The water regimes were applied in the main
plots and the cultivars were placed in the sub-plots. Besides, the
potassium levels occupied the sub-sub plots.

The main results revealed that no significant differences were
obtained between continuous saturation and continuous flooding
on grain yield and most of its attributes. Prolonging irrigation
intervals up to nine days resulted in about 17 % reduction in grain
yield. Giza 178 produced a higher dry matter, grain yield and water
productivity than Sakha 104. The results, also, showed that
increasing K levels up to 86 kg K,O/ha increased significantly plant
height, dry matter and grain yield and its attributes under
prolonging irrigation intervals in both seasons.

The present study indicated a reduced water input and an
increased water productivity of rice grown under just-saturated soil
conditions, compared with continuous flooded rice.

Additionally, continuous saturation gave a similar grain yield
as that of continuous flooding with only 3-4% reduction in grain
yield. This means that almost 20-25% of irrigation water could be
saved, if all farmers followed this practice. As a result, a high water
productivity could be obtained and about 1500 million L.E. could be
added to the national income.

Key words. Rice, growth and yield, potassium levels, water
regimes, water productivity.

INTRODUCTION

Rice (Oryza sativa L.) is one of the most important grain crops in the world. It is
not only a stable food, but also contributes the major economic activity and a key
source of income and employment for the rural population. In 2004 season, the annual
area planted with rice in Egypt was about 1.534 million faddans (0.639 million
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hectares) and the total production of rice was about 6.375 million tons with a national
average of 9.97 tons/ha (RRTC, 2005).

Water is critical at any growth stage of the rice plant. It is needed for growth and
transport of nutrients from the soil to the different plant parts. Rice, unlike other
cereals, has a remarkable adaptation to a wide range of hydrological conditions.
Although it can achieve its highest grain yield in waterlogged conditions under
irrigation, it is widely grown in rainfed lowland and uplands where soils are kept
aerobic for certain period or the entire period of crop growth. Aerobic exposure
drastically changes the micro-environment for rice growth and increases environmental
constraints that seriously affect crop production.

In Egypt, irrigation water is relatively limited (55.5 mird m® a year) and
insufficient for both reclamation and irrigation purposes for Egyptian soil. So many
tedious trials were done by rice breeders and agronomists to maximize rice
productivity and rationalize water use. The major and significant change in this respect
is the development of short-duration cultivars, which maintain higher and increased
productivity, as well as saving irrigation water. The productivity of irrigation water can
be increased either by reducing losses of evaporation, seepage and percolation and/or
surface runoff, as well as reusing or recycling water. It can, also, be increased by
developing improved early maturing varieties, improving agronomic practices, reducing '
water use for land preparation and reducing crop growth period and, also, water
distribution strategies. Generally, there are two different ways for increasing water
productivity in irrigated rice areas as follows:(1) Physiologically, by breeding high-
yielding cultivars with short growing cycle, and (2) Technically, by applying water-
saving irrigation methods, as well as by improving management of available water
resources.

El-Wehishy and Abdel-Hafez (1997) found that plant height, number of
panicles/hill, panicle length, number of spikelets/panicle, grain and straw yields, as
well as harvest index were, generally, decreased as the irrigation intervals increased
up to fourteen days, while percentage of unfilled grains/panicle was increased.
However, some studies indicated that irrigation at 8-day intervals did not affected
grain yield (Nour, 1989 and Awad, 2001). Irrigation every eight days recorded the
highest water use efficiency (0.69 kg/m®) and saved about 13.2% of irrigation water,
compared to four days interval (Awad, 2001).

Potassium (K) has been given credit for several important roles in plant nutrition.
An important function of potassium is in the plant water relations of, particularly,
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leaves. If’lants with adequate potassium lose less moisture because they have a slower
transpiration rate. When exposed to stress conditions, they close their stomata much
more quickly than potassium-deficient plants. Janardan et. al. (1994) found that K
fertilizer increased growth, yield components, dry matter and grain yields, as well as K
uptake of rice, compared with no fertilizer application. Kalita et a/ (1995) reported
that grain yield significantly increased with up to 40 kg K;O/ha, which was mainly due
to an increase in number of panicles/m? and number of filled grains/panicle. Mehla
(1995) observed that number of panicles/m?, number of tillers/m? and 1000-grain
weight increased with increasing K application, but spikelets sterility decreased.

Varietal differences in growth, grain yield and its components under both
irrigation and drought conditions were recorded by Abou El-Darag (2000) and El-
Refaee et. al. (2005).

Therefore, the present study was carried out to study the interaction between
water regimes and K-levels on growth, grain yield and water productivity of two rice
cultivars, namely, Sakha 104 and Giza 178.

MATERIALS AND METHODS

Two field experiments were conducted at the Experimental Farm of Rice Research
and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt, during 2003 and 2004
summer seasons. The meteorological data of the experimental sites are presented in
Table (1). :

Table 1. Monthly temperature means (°C), relative humidity (RH %) and evaporation
(E) (mmd) at the study area in 2003 and 2004 seasons.

2003 2004
_— Air terz\ogramre RH (%) E Air tem(o%e)ram RH (%) E
7:30 13:30 et 7:30 | 13:30 (d"a‘:)/
Max. Min. AM p.M day) Max. Min. AM .M
May 322 15.0 84.7 54.2 7.91 285 13.0 76.0 40.0 6.65
June 335 18.7 86.2 43.7 7.50 323 16.2 84.0 46.6 7.65
July 32.6 19.7 84.4 52.6 7.58 331 18.5 86.0 48.0 7.55
August 33.7 199 91.3 55.0 6.59 325 21.0 872.7 47.7 7.01
September 33.0 18.0 88.3 48.9 6.11 32.2 18.0 87.4 48.2 6.21
October 30.0 15.1 81.5 47.3 4.36 29.3 15.8 81.3 474 4.26

The experiments were laid out in a split split-plot design, with four replications.
Four irrigation treatments, namely, continuous flooding (CF), continuous saturation
(CS) and irrigation every six days (6D) and every nine days (9D), were located in the
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main plots with 5-7 cm water head at the time of water addition. The sub-plots were
occupied by the two rice cultivars, Sakha 104 (Japonica) and Giza 178 (Indica-
Japonica). The potassium levels (0, 57, 86 and 114 kg K;O/ha) were assigned to the
sub-sub plots. For the best water control and to avoid the lateral movement of water,
the main plots were separated each other by 2 m wide ditches. The experiments were
preceded by Egyptian clover in both seasons. The soil texture was clay with pH = 8.2
and organic matter content 1.6 %. The total N was 440 ppm and the soluble of P and
K were 12.0 and 1.1 ppm, respectively.

Pre-germinated grains of the two rice cultivars, at the rate of 120 kg/ha, were
broadcasted in the nursery on 8" and 10" of May in 2003 and 2004 seasons,
respectively. Three to four seedlings, thirty days old, were transplanted at 20 x 20 cm
distance among hills and rows. Nitrogen (Urea, 46 %N), phosphorus (15.5 % P;0s)
and zinc (Zn Sos) as well as all other cultural practices were undertaken as
recommended. The total K was applied as a basal dose application according to the
levels. Plant samples were randomly collected from all treatments at booting stage to
estimate the dry matter weight. Number of days to heading was recorded at 50 % of
heading of each sub sub-plot. At harvest, plant height was estimated and the total
number of tillers and panicles were counted from ten random hills and, then converted
into numbers/m?. Ten random panicles were collected from each sub sub-plot to
estimate the panicle length, number of spikelets/panicle, unfilled grains percentage,
panicle grain weight, 1000-grain weight and sink capacity (number of spikelets per
field unit area). Panicle density was estimated as the number of spikelets per panicle
divided by panicle length. Grain yield was measured from 12 m? (3 x 4 m) area at the
center of each sub-sub plot and adjusted to 14 % moisture content.

Water pump, provided with a calibrated water meter, was used for all water
measurements. Water productivity (WP) was calculated as the weight of grains per
unit of irrigation water received during crop growth (kg grains/m® water).

To evaluate the contribution of irrigation regimes in saving irrigation water, it is
necessary to deal with the statistical and economical points of view. Both tools were
used to compare between the different irrigation treatments to stat which one is more
efficient and much effective in saving irrigation water and how much its contributed in
this respect.

Data collected were statistically analyzed, according to Gomez and Gomez
(1984), using IRRISTAT computer program.
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RESULTS AND DISCUSSION
A- Growth characters:

Irrigation regimes significantly affected the growth characters of rice in both
seasons (Table 2). Continuous flooding gave the highest values of dry matter and
plant height. However, increasing irrigation intervals up to nine days significantly
reduced dry matter and plant height, as well as delayed heading. These results might
be attributed to the importance of water in encouraging the cell division, elongation
and vegetative growth to produce more leaves and leaf area, which, in turn, resulted
in more photosynthetic rate for higher dry matter production. Wopereis et al. (1996)
found that flowering and maturity, of stressed plants, were delayed. These results are
in agreement with those obtained by Yang and Hsiang (1994) and El-Wehishy and
Abdel-Hafez (1997).

Cultivars significantly differed only in dry matter production and plant height
(Table 2). Giza 178 rice cultivar produced significantly the highest dry matter in 2004
season. However, Sakha 104 gave the highest values of dry matter in 2003 season
and plant height in both seasons. Such difference could be attributed to the genetic
variability between the two rice cultivars under study. However, the number of days to
50 % heading did not significantly differ between the two cultivars. These findings are
closely related to the findings of Abou El-Darag (2000) and El-Reface et 4/, (2005).
They found significant differences among rice cultivars in some growth characters.

Compared with the control, application of potassium fer '=er significantly
increased only the rice dry matter and plant height (Table 2). The results showed that
increasing K levels up to 86 and 114 kg K,O/ha significantly increased dry matter and
plant height with no significant differences between each other in both seasons. On
the other hand, application of K fertilizer had insignificant effect on number of days to
50 % heading in both seasons. These results agreed with those obtained by Kalita et
al. (1995) and Mehla (1995).

Dry matter production and plant height were, in general, highly significantty
affected by the two-factor interactions in the two seasons (Tables 3 and 4). The effect
of the interaction between irrigation regimes and cultivars was highly significantly with
respect to dry matter in both seasons (Table 3 A). In both seasons, dry matter
production was the highest for Sakha 104 under continuous flooding (CF). However,
the lowest er matter was obtained from both cultivars under irrigation every nine
days (9D).
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Table 2. Dry matter production (g/m?) , number of days to 50 % heading and plant
height (cm) of Sakha 104 and Giza 178 rice cultivars as influenced by
irrigation regimes and potassium levels in 2003 and 2004 seasons.

Dry matter (grmt) | OO 0% | bt height (cm)
Treatments heading
2003 2004 2003 2004 2003 2004
Irrigation regimes (I):
Continuous flooding (CF) 1273.6 1153.3 98.91 94.53 110.9 103.7
Continuous saturation (CS) 1245.9 1137.0 98.38 95.34 100.6 99.5
Irrigation every 6 days (6D) 11324 1042.2 99.06 97.44 94.7 94.9
Irrigation every 9 days (9D) 1090.0 949.1 99.50 98.41 91.2 84.5
L.S.D(5%) 27.9 18.1 0.79 1.71 32 35
Cultivars (C):
Sakha 104 1194.9 1060.3 99.09 96.70 101.8 97.4
Giza 178 1176.0 1080.5 98.84 96.16 96.9 93.9
L.5.D(5 %) 14.9 119 NS NS 1.9 1.9
K-levels (kg K;0/ ha) ( K):
0 11149 995.3 98.81 96.63 97.1 93.3
57 1139.4 1080.3 99.16 96.75 100.0 96.4
86 1254.9 1100.9 99.31 96.50 100.3 97.3
114 1232.7 1105.2 98.56 95.84 100.0 95.7
LS.D(5%) 18.8 22.0 NS NS 14 2.2
Interactions:
Ix c *% *x NS NS *% *
IxK nE L NS NS 4 NS
CxK % X NS NS e NS
IxCxK NS NS NS NS NS NS

NS = Not significant and **, * Highly significant and significant at 0.01 and 0.05 levels, respectively.

Results in Table (3 B) indicated that the application of 86 kg K;O either under
continuous saturation (CS) (in 2003 season) or continuous flooding (CF) (in 2004
season) resulted in the highest dry matter production. However, the zero level of
potassium under irrigation every nine days recorded the lowest values in both seasons.

Furthermore, dry matter was highly significantly affected by the interaction
between potassium levels and rice cultivars in both seasons (Table 3 C). Dry matter
recorded its maximum value (1261 g/m?) with Sakha 104 when potassium was applied
at the rate of 86 kg K,O/ha in 2003 season. While. Giza 178 recorded the maximum
dry matter (1131 g/m?) with applying 114 kg K;O/ha in 2004 season.
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Table 3. Dry matter production as affected by the interaction between the studied
factors in 2003 and 2004 seasons.

Table 3 A)
2003 2004
Cultivars (C) Irrigation regimes (1)
cF cs 6D 9 CF cs 6D 9
Sakha 104 1307 1248 1138 1086 1170 1126 1008 938
Giza 178 1240 1243 1127 1094 1137 1148 1076 961
L.S.D (5 %) 2 27

CF = Continuous flooding, CS = Continuous saturation, 6D = Irrigation every 6 days and 9D = Irrigation every 9 days .

(Table 3 B)

K-levels (K) 20 e l ] 2004
(ko K0/ ha) Irrigation regimes (1)
CF cs 6D 9D CF cs 6D 9D
0 1236 1186 1053 986 1123 1105 897 856
s7 1253 1185 1076 1043 1151 1131 1059 980
86 1323 1354 1190 1153 1191 1130 1100 983
114 1283 1258 1212 1178 1148 1182 1113 978
L.S.D (5 %) 45 52

CF =Continuous flooding, CS = Continuous saturation, 6D= Trrigation every 6 days and 9D=Irrigation every 9 days .

Table 3 C)
2003 l 2004
Cultivars (C) K-levels (K) (kg K;0/ ha)
0 57 86 114 0 57 86 114
Sakha 104 1135 1159 1261 1224 979 1079 1104 1079
Giza_178 1094 1120 1249 1241 1011 1082 1098 1131
L.S.D (5 %) 28 34

Data in Table (4 A) indicated that there was a significant interaction between rice
cultivars and irrigation regimes for plant height in both seasons. The tallest plants
(116.6 and 107.2 cm ) were obtained from Sakha 104 under CF treatment (continuous
flooding), while, the shortest plants (90.8 and 84.4 cm) were obtained from the same
cultivar under irrigation every nine days in 2003 and 2004 seasons, respectively. Plant
height of Giza 178 was, generally, less affected by irrigation regimes than Sakha 104.
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Table 4. Plant height as affected by the interaction between the studied factors in 2003
and 2004 seasons.

(Table 4 A)
: 2003 [ 2004
Cultivars (C) Irrigation regimes (1)
CF cs 6D 9D CF cs 6D 9D
Sakha 104 116.6 105.4 94.4 90.8 107.2 102.3 95.6 84.4
Giza 178 105.2 95.8 94.9 91.6 100.2 96.7 94.2 84.5
L.S.D (5 %) 4.0 4.0

CF = Continuous flooding, CS = Continuous saturation, 60 = Irrigation every 6 days and 9D = Irrigation every 9 days.

(Table 4 B)

2003
levels () Irrigation regimes (I) Cultivars (C)
(kg K0/ ha) T =
CF cS 6D 9D Sakha 104 Giza 178
0 108.8 98.7 93.9 87.2 98.3 96.0
57 111.0 102.6 94.9 91.4 103.0 96.9
86 112.6 100.6 95.5 92.4 103.3 97.2
114 111.2 100.5 94.4 93.8 102.7 97.3
L.S.D (5 %) 3.4 2.1

CF = Continuous flooding, CS = Continuous saturation, 6D = Irrigation every 6 days and 9D = Irrigation every 9 days.

The interaction between irrigation regimes and potassium levels had marked
effect on plant height in 2003 season (Table 4 B). Regarding plant height, the tallest
plants (112.6 cm) was obtained by continuous flooding (CF) and potassium level of 86
kg K,O/ha. Meanwhile. the shortest one (87.2 cm) was obtained by irrigation every
nine days and zero potassium level. The data observed that increasing potassium level

- up to 86 kg K;O/ha could compensate for the undesirable effect of increasing the
irrigation intervals.

Data presented in Table (4 B), also, showed that the tallest plants (103.3 cm) was
obtained when rice plants of Sakha 104 cultivar was fertilized with 86 kg K;O/ha.
Meanwhile, plants of Giza 178 cultivar, with zero potassium level, were the shortest
(96.0 cm).

B- Grain yield and its attributes:

Grain yield and its attributes were significantly affected by the Irrigation regimes
in both seasons (Tables 5 and 6). Irrigation every nine days significantly deceased the
number of tillers/m?, number of panicles/m? ~panicle length, number of
spikelets/panicle, sink capacity, panicle density, panicle grain weight, 1000-grain
weight and grain yield, compared with continuous flooding (CF) treatment. On the
other hand, unfilled grain percentage was increased with increasing irrigation intervals
up to nine days. The highest values of grain yield were recorded by continuous
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flooding (10.73 and 10.88 t/ha), followed by continuous saturation (10.39 and 10.47
t/ha) and irrigation every six days (10.13 and 10.26 t/ha). However, the lowest values
(8.65 and 8.73 t/ha) were obtained by irrigation every nine days with no significant
differences among CF, CS and 6D, in the first season, and between CF and CS in the
second season. The increased grain yield with CF could be ascribed to increased grain
yield attributes (Table 5). Also, the results might be interpreted by the fact that
available water enhanced the production and transportation of the dry matter content
to panicles, resulting in more grain filling and weight, as well as higher grain yield.
Such results agreed with those obtained by EL-Wehishy and Abdel Hafez (1997) and
Awad (2001).

Table 5. Number of tillers/m?, number of panicles/m?, panicle length (cm), number of
spikelets/panicle and unfilled grains (%) of rice cultivars as influenced by
irrigation regimes and potassium levels in 2003 and 2004 seasons.

No. of No. of Panicle length b.lo. of Unfilled grains
Treatments tillers/m? panicles/ m? (cm) spnke!ets/ (%)
panicle
2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004
Cont. flooding (CF) | 612.2 | 606.5 | 600.6 | 597.7 | 20.73 | 20.93 | 130.2 | 134.8 | 4.59 5.02
Cont. saturation (CS) | 591.3 | 585.3 | 585.0 | 572.5 | 20.57 | 20.67 | 127.4 | 126.2 | 5.28 5.09
6 days (6D) 574.8 | 558.8 | 564.2 | 548.5 | 19.66 | 20.12 | 119.3 | 116.3 | 6.47 6.34
9 days (9D) 517.6 | 503.9 | 509.9 | 494.4 | 18.88 | 19.01 | 103.4 | 98.2 6.59 6.56
L.S.D(5%) 10.9 124 10.5 13.9 | 0.69 045 | 6.99 8.74 | 0.89 0.21
Sakha 104 565.1 | 554.6 | 555.4 | 543.8 | 19.22 | 19.30 | 106.1 | 102.2 | 5.35 5.71
Giza 178 582.8 | 572.6 | 574.5 | 562.7 | 20.70 | 21.07 | 134.0 | 135.6 | 6.12 5.81
L.S.D(5%) 11.8 9.0 11.6 8.9 0.28 0.36 | 3.37 | 4.26 0.57 NS
K-levels( K):
(kg K20/ ha)
0 554.0 | 550.5 | 542.6 | 537.6 | 19.41 | 19.61 | 114.4 | 110.4 | 6.50 6.19
57 569.3 | 560.0 | 562.7 | 550.3 | 20.26 | 20.33 | 119.0 | 118.1 | 5.22 5.74
86 586.3 | 570.3 | 578.4 | 565.8 | 20.14 | 20.48 | 122.8 | 125.7 | 5.42 5.64
114 586.3 | 569.7 | 575.9 | 559.4 | 20.04 | 20.32 | 124.1 | 121.3 | 5.80 5.47
L.5.D(5 %) 10.7 12.9 9.4 129 | 0.56 | 0.52 6.70 | 4.85 0.77 0.29
Interactions:
IxC NS NS NS NS NS NS NS NS % L
IxK * NS NS NS NS ** NS NS " L
CxK NS NS NS NS NS L NS aie R *
IxCxK NS NS NS NS NS NS NS NS NS NS

NS = Not significant and **, * Highly significant and significant at 0.01 and 0.05 levels, respectively.
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Table 6. Sink capacity, panicle density, panicle grain weight (g), 1000-grain weight
(g) and grain vyield (t/ha) of Sakha
influenced by irrigation regimes and

104 and Giza 178 rice cultivars as
potassium levels in 2003 and 2004

seasons
SmI; (i)%zc-ty Panicie density P;r;xid:tg(ra;n tvoeoio;‘gtr:nr)\ Gr?:?h\:;ald
Treatments grig g9
2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004
Irrigation regimes (1):
Cont. flooding (CF) 78.21 | 80.53 | 6.28 | 6.40 | 2.85 | 2.94 | 25.01 | 24.74 | 10.731| 10.88
Cont. saturation (CS) | 74.68 | 71.90 | 6.18 | 6.13 | 2.77 | 2.87 24.61 | 24.67 | 0.39 | 10.47
6 days (6D) 67.47 | 65.69 | 6.05 | 5.76 | 2.69 | 2.62 | 24.82 | 24.82 | 10.13 | 10.26
9 days (9D) 5298 | 51.27 | 544 | 5.6 | 2.42 | 226 | 23.74 | 23.74 | 8.65 | 8.73
L.S.D(5%) 389 | 441 | 035 | 018 | 0.12 | 0.20 | 0.19 | 0.44 | 0.63 | 0.51
tiv 4 ’
Sakha 104 5928 | 57.11 | 550 | 5.28 | 2.45 | 2.49 | 28.05 | 28.03 | 9.73 | 10.27
Giza 178 7739 | 7758 | 6.47 | 6.45 | 2.92 | 2.83 | 21.04 | 20.96 | 10.22 | 10.91
L.S.D(5 %) 216 | 244 | 015 | 018 | 0.10 | 0.15 | 0.18 | 0.19 | 0.26 | 0.24
1K-levels(_K):
(kg K0/ ha)
0 62.56 | 61.32 | 5.89 | 5.61 | 2.48 | 2.40 | 24.08 | 24.17 | 9.45 | 9.69
57 6751 | 65.85 | 5.86 | 5.82 | 2.71 | 2.70 | 24.58 | 24.50 | 9.87 10.06
86 7132 | 7235 | 6.08 | 6.08 | 2.78 | 2.79 | 24.85 | 24.78 | 10.21 | 10.29
114 7196 | 69.87 | 6.12 | 5.93 | 2.76 | 2.75 | 24.67 | 24.52 | 10.38 | 10.31
LS.D(5%) 410 | 414 | 035 | 027 | 010 | 021 | 022 | 033 | 0.28 | 0.20
Interactions:
Ix NS Y * NS NS * NS % NS NS
IxK NS NS NS NS o * *E L NS el
CxK NS Ak NS *% NS NS NS NS NS NS
IxCxK NS NS NS NS NS NS NS NS NS NS

NS = Not significant and **, * Highly significant and significant at 0.01 and 0.05 levels, respectively.

Data presented in Tables (5 and 6) further revealed the existence of significant
differences between the two rice cultivars in all of studied characters. In both seasons,
Giza 178 gave the highest values of grain yield and most of its attributes, except for
the 1000-grain weight which recorded its maximum values with Sakha 104. However,
the two rice cultivars had no significant effect on the unfilled grain percentage in the

second season. Generally, the superiority of Giza 178 in grain yield and most of its
component might be attributed to the improved plant type characters, namely, dry
matter production, number of panicles/m*> and number of filled grains, that
compensated for its lower 1000-grain weight. These results are in harmony with data
obtained by El-Kady and Abd El-Wahab (1999) and Abou El-Darag (2000).
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Data in Tables (5 and 6), also, clearly indicated that increasing potassium levels
from zero up to 114 kg K,O/ha had a positive and significant effect on all grain yield
attributing characters. In both seasons, grain yield and most of its attributing
characters, i.e.,, number of tillers/m?, number of panicles/m?,  number of
spikelets/panicle, sink capacity, panicle density, panicle grain weight and 1000-grain
weight, significantly responded to adding potassium fertilizer up to 86 and 114 kg
K;0O/ha. On the other hand, zero potassium gave the lowest values of the above
mentioned traits, except for the percentage of unfilled grains, in both seasons, that
was the highest in this case. This might be due to role of K in improving utilization of
N, which directly played an essential role in cellular metabolism, reflecting improved
growth and grain yield attributing characters, which, ultimately, resulted in “higher
grain yield. The response to potassium application of 86 and 114 kg K,O/ha increased
grain yield of rice over control treatment by 8.04 and 9.84 % (in 2003 season) and
7.35 and 8.9 % (in 2004 season), respectively. In both seasons, the 86 kg K,O/ha
produced a comparable grain yield that was not significant with the higher level of
potassium (114 kg K,O/ha). Generally, increasing potassium level significantly
improved rice growth, photosynthetic capacity and all grain yield attributes, as well as
decrease the water stress effect. Furthermore, increasing potassium fertilizer obviously
increased the number of filied grains/panicle, hence, decreased sterility percentage,
which restricted grain yield under increasing irrigation intervals. The results agreed
with those obtained by Kalita et a/. (1995) and Mehla (1995).

The effect of the interactions between the studies factors on grain yield and its
attributes were presented in Tables (7 to 15). Number of tillers/m?, as significantly
affected by the interaction between the irrigation regimes and potassium levels in
2003 season, are presented in Table (7). Data showed that the highest number of
tillers/m? (616.5) was produced when 86 kg K;O/ha was applied under continuous
flooding. However, the lowest value (492.4) was found with no potassium fertilizer
application under irrigation every nine days. The results showed that application of K
fertilizer had insignificant effect on number of tillers/m? under continuous flooding
might be attributed to enhance the availability of potassium under available water

condition.
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Table 7. Number of tillers/m? as affected by the interaction between the irrigation
regimes and potassium levels in 2003 season.

Irngation regimes (I) Kelevels (K) (kg K0/ ha)
N 57 86 114
Continuous flooding 607.4 608.8 616.5 616.1
Continuous saturation 572.0 591.8 601.3 600.3
Irrigation every 6 days 544.4 569.0 589.0 569.9
Irrigation every 9 days 492.4 507.8 538.4 531.8
L.S.D (5 %) 25.5

The effect of the interaction, between irrigation treatments and K-levels or
between rice cultivars and K-levels, was highly significant with respect to panicle
length only in 2004 season (Table 8). Panicle length recorded its maximum value
(21.88 cm) with continuous saturation treatment and 57 kg K,0/ ha. while, the lowest
value (18.91cm) was obtained from the combination between irrigation every nine
days and 86 kg K;0/ ha. Besides, Giza 178 under continuous flooding gave the highest
panicle length (22.19 cm). However, Sakha 104 under irrigation every nine days gave
the lowest value of panicle length (18.86 cm), hence, the panicle length of Giza 178
was more affected by irrigation regimes.

Table 8. Panicle length (cm) as affected by the interaction between some studied
factors in 2004 season.

K-levels (K) (kg K;0O/ h: Cultivars (C
Trrigation regimes_(I) evels (K) (kg K:0/ ha) ©
0 57 86 114 Sakha 104 Giza 178
Continuous flooding 20.19 20.50 21.70 21.34 19.70 22.19
Continuous saturation 20.08 21.88 20.81 19.91 19.47 21.19
Irrigation every 6 days 19.33 19.96 20.50 20.70 19.20 21.87
Irrigation every 9 days 18.94 18.99 18.91 19.31 18.86 19.16
L.S.D (5 %) 1.23 0.77

The interaction between potassium levels and rice cultivars had a positive and a
highly significant effect on number of spikelets/panicle only in 2004 season (Table 9).
The best combination was Giza 178 rice cultivar with potassium level of 86 kg K;O/ha.
Meanwhile, the worst one was Sakha 104 rice cultivar and zero potassium level.

Table 9. Number of spikelets/panicle as affected by the interaction between rice
cultivars and potassium levels in 2004 season.

K-levels (K) (kg KO/ ha)

Cuitivars (C)
0 57 86 114
Sakha 104 98.19 104.35 104.96 101.16
Giza 178 122.63 131.87 146.41 141.44

LS.D (5 %) 6.84
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The effect of the two-factor interaction between the studies traits had a highly
significant effect on the unfilled grains (%) in 2003 and 2004 seasons (Table 10).
Sakha 104 cultivar, under continuous flooding, produced the lowest unfilled grain
percentage values of 3.98 and 4.51 % (Table 10 A). On the other hand Giza 178
cultivar, under no potassium application, gave the highest percentage of unfilled grains
of 7.78 and 6.43 (Table 10 C) in 2003 and 2004 seasons, respectively. Data in Table
(10 B) indicated that the lowest value of unfilled grains percentage (3.59) was
obtained with the combination of continuous flooding and potassium level of 57 kg
K;O/ha in the first season. However, the combination of continuous saturation and
high potassium level of 114 kg K,O/ha gave the lowest value (4.51 %) in the second
season.

Table 10. Unfilled grains (%) as affected by the interaction between the studied
factors in 2003 and 2004 seasons.

(Table 10 A)
¥ 2003 l 2004
Cultivars (C) Irrigation regimes (1)
CF cs 6D 9D CE cs 6D 9D
Sakha 104 3.98 6.15 5.23 6.03 4.51 5.25 6.28 6.79
Giza 178 5.19 4.41 7.72 7.15 5.53 4.93 6.45 6.33
L.5.D (5 %) 1.25 0.38

CF = Continuous flooding, CS = Continuous saturation, 6D = Irrigation every 6 days and 9D = Irrigation every 9 days.
(Table 10 B)

2003 | 2004
K-levels (K) \igoreainasil
(kg K;0/ ha)
CF (&) 6D oD CF cS 6D 9D
0 5.65 6.41 7.96 5.98 5.01 5.99 6.79 6.98
57 3.59 5.13 4.61 753, 4.74 5.11 6.13 6.98
86 4.63 4.49 4.91 7.63 5.19 4.74 6.25 6.38
114 4.48 5.08 8.41 5.22 5:15 4.51 6.30 5.91
L.S.D (5 %) 1.83 0.62

CF = Continuous flooding, CS = Continuous saturation, 6D = Irrigation every 6 days and 9D = Irrigation every 9 days.
(Table 10 ©)

2003 2004
Cultivars (C) K-levels (K) (kg KO/ ha)
0 57 86 114 0 57 86 114
Sakha 104 5.22 5.25 5.62 5.30 5.96 5.88 5.66 5.34
Giza 178 7.78 5.18 5.21 6.30 6.43 5.59 5.62 5.60
L.S.D (5 %) 1.15 0.44
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Regarding sink capacity (Table 11), the rice cultivars highly significantly varied in
their sink capacity under the same irrigation treatment or the same level of potassium
only in 2004 season. Under continuous flooding, Giza 178 produced the highest value
(93.32), while, Sakha 104 produced the lowest value (44.64) when irrigated every nine
days. Furthermore, applying 86 kg K;0/ ha to Giza 178 rice cultivar gave higher value
of sink capacity (85.72) than that of no potassium application to Sakha 104 rice
cultivar (54.13).

Table 11. Sink capacity x 1000 as affected by the interaction between some studied
factors in 2004 season.

Irrigation regimes (1) K-levels (K) (kg KO/ ha)
Cultivars (C)
CF cs 6D 9D 0 57 &6 114
Sakha 104 67.74 60.52 55.55 44.64 54.13 57.43 58.99 57.91
Giza 178 93.32 83.29 75.83 57.90 68.51 74.27 85.72 81.84
L.S.D (5 %) 5.30 6.20
CF = Continuous flooding, CS = C ion, 6D = Irrigation every 6 days and 9D = Irrigation every 9 days.

The interaction between rice cultivars and irrigation treatments, as well as rice
cultivars and potassium levels, had either a significant (in 2003 seaso) or highly
significant (in 2004 season) effect on panicle density (T: able 12). Generally, -1e highest
panicle density of 6.71 and 6.86 were obtained from Giza 178 rice cu.ivar under
continuous saturation (in 2003 season) and 86 kg K;O/ha (in 2004 season),
respectively.

Table 12. Panicle density as affected by the interaction between some studied factors in
2003 and 2004 seasons.

Irrigation regimés (I) 2003 K-levels (K) (kg K,O/ ha) 2004
€k €S 6D 9D 0 57 86 114
Sakha 104 594 | 566 | 540 | 5.01 | 519 | 545 | 530 | 517
Giza 178 662 | 671 | 6.69 | 586 | 6.02 | 622 | 6.86 | 6.69
L.S.D (5 %) 0.53 0.40
CF = Continuous flooding, CS = Conti 6D = Irrigation every 6 days and 9D = Irrigation every 9 days.
Table (13) shows that the maximum values of panicle grain weight (2.90 and 3.26

Cultivars (C)

g) were obtained by the combination of continuous flooding and high potassium level
of 114 kg K;O/ha. Meanwhile, the combination irrigation every nine days and zero
potassium gave the minimum values of this trait (2.22 and 2.16 g) in both respective
seasons. On the other hand, in 2003 season, Giza 178 cultivar, under continuous
flooding, recorded the maximum value (3.29 g), while, the minimum value (2.16 g)
was recorded by Sakha 104 with nine days irrigation interval.
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Table 13. Panicle grain weight (g) as affected by the interaction between some studied
factors in 2003 and 2004 seasons.

2003 2004 2003

K-levels (K) (kg K,O/ ha) Cultivars (C)

Irrigation regimes (I)
Sakha Giza
0 57 86 114 0 57 86 114
102 178

Cont. flooding (CF) | 2.82 | 2.84 | 2.84 | 2.90 | 2.62 | 2.84 | 3.04 | 3.26 2.58 3.29

Cont. saturation (CS) | 2.52 | 2.81 | 2.87 | 2.86 | 249 | 3.2 | 3.08 | 2.73 2.75 3.00
6 days (6D) 2.34 | 2.85 | 2.80 | 2.78 | 2.34 | 2.58 | 2.81 | 2.74 2.47 2.77
9 days (9D) 222 | 2.34 | 2.60 | 2.51 | 2.16 | 2.19 | 2.22 | 2.30 2.16 2.27
L.S.D (5 %) 0.24 0.50 0.33

One-thousand grain weight was highly significantly affected by the interaction
between certain studied factors in 2003 and 2004 seasons (Table 14). Data showed
that the maximum value (24.97 g) was obtained with the application of 57 kg K,O/ha
and 6D treatment (in 2003 season) and the application of 114 kg K;O/ha and CF
treatment (25.25 g) (in 2004 season). Sakha 104 gave significantly a higher value of
this trait than Giza 178 under all irrigation treatments. Generally, Sakha 104, under CF
treatment, produced the maximum value (28.95 g), while Giza 178, under 9D
treatment gave the minimum value (20.38 g).

Table 14. 1000-grain weight (g) as affected by the interaction between some studied
factors in 2003 and 2004 seasons.

2003 2004 2003
Irrigation K-levels (K) (kg K;0/ ha) Cultivars (C)
regimes (I) Sakha Giza
0 57 86 114 0 57 86 114
102 178
CE 24.65 | 24.63 | 24.85 | 24.81 | 24.86 | 24.89 | 25.19 | 25.25 | 28.95 21.14
cs 24.72 | 24.60 | 24.84 | 24.54 | 24.34 | 24.69 | 24.79 | 25.18 | 28.75 20.74
6D 2443 | 24.97 | 25.17 | 24.71 | 23.28 | 2343 | 24.53 | 24.83 | 27.39 20.64
9D 22.88 | 23.81 | 24.26 | 24.00 | 23.61 | 23.71 | 23.59 | 23.70 | 26.93 20.38
LSD(5
0.52 0.78 0.41
%)

CF = Continuous flooding, CS = Continuous saturaticn, 6D = Irrigation every 6 days and 9D = Irrigation every 9 days.
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The interaction between irrigation treatments and potassium levels had a highly
significant effect on grain yield only in 2004 season (Table 15). The best combination
to produce the maximum grain yields (10.95 and 10.96 t/ha) was continuous flooding
and applied potassium fertilizer at the level of 86 and 114 kg K;O/ha., respectively.
However, nine-day irrigation interval, under zero potassium application, gave the
lowest grain yield (7.90 t/ha). In fact, potassium fertilizer is much needed to
compensated the water stress effect under increasing irrigation intervals up to nine
days.

Table 15. Grain yield (t/ha) as affected by the interaction between the irrigation regimes
and potassium levels in 2004 season.

K-levels (K) (kg Irrigation regimes (I)
K:0/ ha) Cont. flooding Cont. saturation | G-day 9-day
0 10.74 10.29 9.83 7.90
57 10.89 10.48 10.20 8.60
86 10.95 10.55 10.53 9.13
114 10.96 10.57 10.50 9.20
LS.0 (5 %) 047

C- Water input and productivity:

Data in Table (16) showed that the amounts of water input, before staring
irrigation treatments, for land preparation of both nursery and permanent field, raising
nursery for thirty days and through ten days after transplanting and before
treatments applicaticn, were 4276.9 and 4411.0 m/ha, in 2003 and 2004 seasons,
respectively. The previous period (forty days) was considered a blank for all
treatments. Comparing the different treatments of irrigation (Table 16), it was
observed that continuous flooding received the highest amounts of water throughout
the season (15131.5 and 14922.5 m/ha), as expected, while, the lowest amounts
were received by irrigation every nine days treatment (11705.8 and 11591.0 m>/ha) in
2003 and 2004 seasons, respectively. Over both seasons, the results showed that the
total amount of irrigation input ranged between 15171.0 and 11691.0 m?/ha for Sakha
104 cultivar, however, it ranged between 14883.0 and 11605.8 m’/ha for Giza 178
cultivar for CF and 9D treatments, respectively. There were no large variations in the
amounts of irrigation water input due to the stable conditions, namely, temperature,
relative humidity and evaporation rates in both seasons as previously shown in Table

(1).
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Table 16. Grain yield reduction (%), total water input (m*/ha), water saved (%) and
water productivity (kg/m®), as well as relative contribution of water in
producing rice cultivars by irrigation regimes in 2003 and 2004 seasons.

Grain [ Water uctivi Increasis
§ | tmgation Gan | yoa | 0| waer | MR cxase
8 ¢ Cultivars yield | reductio . saved
& | regimes (ha) i input ) kg/100
(m*/ha) kg/m* | Trad% | kg/m®
(%) m
i Sakha 104 | 10.536 - 153325 - 0.687 | 1000 - -
) Giza 178 10.923 - 14930.5 - 0.732 | 1000 - -
flooding
Mean 10.730 - 15131.5 - 0.709 | 100.0 - -
o Sakha 104 | 10.164 | 3.531 11967.1 | 2195 | 0.849 | 1236 | 0.162 16.2
n Giza 178 10609 | 2.875 11855.0 | 2060 | 0.895 | 1223 | 0.163 16.3
3 Mean 10.387 | 3.203 119111 | 2128 | 0.872 | 1230 | 0.163 16.3
o Sakha 104 { 9.886 6.169 13990.2 | 874 | 0707 | 1029 | 0.020 20
6 days Giza 178 10.379 | 4.980 135202 | 945 | 0768 | 1118 | 0.036 36
Mean 10.133 | 5.575 137552 | 910 | 0.737 | 1039 | 0.028 2.8
Sekha 104 | 8346 | 20786 | 11721.8 | 2355 | 0.712 | 1036 | 0.025 25
9 days Giza 178 8959 | 17.980 | 11689.7 | 2171 | 0767 | 1048 | 0.035 3.5
Mean 8653 | 19383 | 117058 | 2263 | 0739 | 1042 | 0.030 3.0
D Sakha 104 | 10.686 - 15009.5 - 0.712 | 100.0 - -
, Giza 178 11.081 - 14835.4 - 0.747 | 1000 - -
fiooding
Mean 10.884 14922.45 - 0.729 | 100.0 - -
. Sakha 104 | 10343 | 3.238 11839.2 | 2112 | 0.874 | 1228 | 0.162 16.2
m Giza 178 10.600 | 4.341 11617.1 | 2169 | 0912 | 1221 | 0.165 16.5
s Mean 10472 | 3.789 | 1172815 | 21.41 | 0.893 | 1225 | 0.164 16.4
] Sakha 104 | 10.013 | 6.298 13560.0 | 966 | 0738 | 1037 | 0.026 26
6 days Giza 178 10513 | 5.126 133900 | 974 | 0785 | 1051 | 0.038 3.8
Mean 10263 | 5712 | 1347500 { 970 | 0.762 | 1045 | 0.033 33
Sakha 104 | 8593 | 19.586 | 11660.1 | 2232 | 0.737 | 1035 | 0.025 25
9 days Giza 178 8.866 | 19.989 | 11521.8 | 2233 | 0.769 | 1029 | 0.022 2.2
Mean 8.730 | 19.788 | 11590.95 | 2233 | 0.753 | 1033 | 0.024 24

Water inputs before treatments application were 4276.9 and 4411.0 m*/ha in 2003 and 2004 seasons, respectively.

Water saved, due to increasing the intervals, compared to continuous flooding,
ranged from 8.74 to 23.55 %, in the first season, and from 9.66 to 22.32 %, in the
second season, for Sakha 104. However, it ranged from 9.45 to 21.71 % (in first
season) and from 9.74 to 22.33 % (in second season) for Giza 178. Irrigation every
nine days may considerably reduce irrigation water input, compared with continuous
flooding. But, at the same time, grain yield significantly decreased. Grain vyield
reduction of Sakha 104 was higher than that of Giza 178, in most cases. This means
that Giza 178 was more tolerant to water deficit than Sakha 104. Nour and Mahrous
(1994) found that continuous saturation recorded the highest water saved flowed by
irrigation every eight days, as compare to the continuous submergence.
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Regarding water productivity, the CS treatment (continuous saturation) was
considered the best water productivity for Sakha 104 (about 0.85 and 0.87 ka/m>) and
Giza 178 (about 0.89 and 0.91 kg/m?) in the first and second seasons, respectively .
Because of their higher grain yields, WP was higher for Giza 178 than for Sakha 104
cultivars in all water treatments. This means that higher WP could be obtained even
under continuous saturated conditions. Tabbal et. al. (2002) reported reduced water
input and increased water productivity of rice grown under just-saturated soil
conditions, compared with traditional flooded rice.

Considering continuous flooding, equaled to one-hundred percent (Table 16),
consequently, continuous saturation gave the highest relative productivity (123.0 and
122.5 %) in 2003 and 2004 seasons, respectively. While, the other two treatments
gave the lowest and similar results (about 104 %). In other words, continuous
saturation and irrigation every six and nine days achieved an increase in WP. For
example, continuous saturation increased the contribution of 100 m® of water by 16.4
kg of rice, compared to 3.0 and 3.9 kg of rice in case of using irrigation every six and
nine days, respectively. The relative productivity of Giza 178 rice cultivar was slightly
higher than that of Sakha 104 in most irrigation regimes in both seasons.

Water productivity (WP), over both rice cultivars, ranged from 0.68 to 0.90 kg/m?
in both seasons (Fig. 1). The WP values were relatively high in CS, compared with the
other irrigation regimes. The extremely high values of WP, in CS, were caused by the
extremely high grain yield and low water inputs in this treatment (Table 16). Among
the four irrigation regimes, CS had the highest WP and CF had the lowest one. The
differences among CF, 6D and 9D were not significant in both seasons. Bouman and
Tuong (2001) and Belder et. a/.(2002) reported that WP was higher in the alternately
submerged and non-submerged regimes than in the continuous submerged regime.
Data in Fig. (1) showed significant and positive effect was induced by K-levels on WP
in both seasons. Under all irrigation regimes application of potassium recorded higher
WP than the control treatment. High WP, with potassium application, was associated
with high grain yield. The productivity of irrigation water could be increased to reach it
maximum value of 0.90 kg/m®, under CS, and about 0.77 kg/m* when irrigation
intervals increased up to nine days with applied 86 and 114 kg K;O/ha.
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Water productivity (g grain/m3 water) Water productivity {kg grain / m3 water)

K-Levels (kg K20/a))
057 C&6 Bt

2003 2004
Fig. 1. Water productivity (kg grain/m’® water) over both rice cultivars as influenced
by irrigation regimes and potassium levels in 2003 and 2004 seasons.
CF = Continuous flooding
CS = Continuous saturation
6D = Irrigation every 6 days
9D = Irrigation every 9 days

D- Economic return of water:

Table (17) shows that the quantity of water input to produce one kg grains of rice
decreased in case of continuous saturation and irrigation every six and nine days,
relative to continuous flooding treatment. Over both seasons, in case of continuous
saturation, one kg of rice grains needs 1.161 and 1.107 m? of water (80.0 and 81.8 %
of continuous flooding requirement), as compared t01.385 and 1.289 m® of water, in
case of irrigation every six days (94.8 and 95.2 % of continuous flooding
requirement). While, in case of irrigation every nine days, one kg of rice grains needed
1.381 and 1.303 m® of water (96.6 and 96.3 % of continuous flooding requirement)
for Sakha 104 and Giza 178 rice cultivars, respectively. In other words, the quantity of
water saved for producing 100 kg of rice grains was 269 and 247 m? in case of
continuous saturation, as compared to 46 and 65 m? of water in case of irrigation
every six days. While, in case of irrigation every nine days, it was 50 and 51 m® of
water for Sakha 104 and Giza 178 rice cultivars, respectively. Data in Tale (17), also,
showed that the total quantities of saved irrigation water on the overall national level,
by multiplying the national production of the rice crop by the average quantity of
saved water. It indicated that continuous saturation saved 1628.3 and 1599.8 million
m® and irrigation every six days saved 320.7 and 369.7 million m®, while, irrigation
every nine days saved 351.6 and 274.1 million m® in the first and second seasons,
respectively. This means that applying continuous saturation could save about 1600
million m* to the national agricultural production.
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Table 17. Economic return of water as affected by irrigation regimes and rice cultivars

in 2003 and 2004 seasons
Total
Average Total on': _—_ T(lxal
e
requirements Quantity | national Qantty " Farm uee
3 e 2 . of water added " of rice
@1 Irrigation . saved productio : Z price*
o g Cultivars 3 » available | (million added
& | regimes g Trad | (m%kg) | n (million N (L.E /kg)
m’/kg <100 Koyt ( million kg) (Million
m) LE)
1 2 3 4 5(3x4) | 6(5/1) 7 8(6x7,
Cont Sakha 104 1.455 100.0 0 0 0 [
Giza 178 1.367 | 100 0
flooding : o0 0 0 8
Mean 1.411 100.0 0 0 0 0
e Sakha 104 | 1.177 80.9 0.278 1714.6 1456.8 1529.6
) Giza 178 1.117 81.7 0.250 1541.9 1380.4 1449.4
by Mean 1.147 81.3 0.264 1628.3 1418.6 1489.5
S 616772 T | o 1 20500 T
Sakha 104 | 1.415 93.1 0.040 246.7 174.3 183.0
6 days Giza 178 1.303 95.3 0.064 394.7 302.9 318.0
Mean 1.359 94.1 0.052 320.7 236.0 247.8
Sakha 104 | 1.404 9.5 0.051 3146 224.1 235.3
9 days Giza 178 1.305 | 95.5 0.062 3824 293.0 307.7
Mean 1.354 96.0 0.057 3516 259.7 272.7
o Sakha 104 | 1.405 | 100.0 0 0 0 0
- Giza 178 1.339 100.0 0 0 0 0
flooding
Mean 1371 100.0 0 0 0 0
Gk Sakha 104 1.145 79.0 0.260 1657.2 1447.3 1558.7
o 2
4 Giza178 | 1.09 | 81.8 0.243 1548.8 1413.1 1521.9
M 1.12 <7 0.251 1599.8 1428.4 1538.4
S =an o 81 6373.77 1077
= Sakha 104 | 1354 | 96.4 0.051 325.1 240.1 258.6
6 days Giza 178 1.274 95.1 0.065 414.3 325.2 350.2
Mean 1313 95.8 0.058 369.7 281.6 303.3
Sakha 104 1.357 96.6 0.048 305.9 225.4 242.8
9 days Giza 178 1.300 97.1 0.039 2486 191.2 205.9
Mean 1.328 96.9 0.043 274.1 206.4 222.3

* Source : Rice Research & Training Center (RRTC), Field Crops Research Institute, Agricultural Research
Center, Ministry of Agriculture and Land Reclamation.

Translated the quantities of water saved into monetary units (Egyptian pounds), it
means more national income. Data in Table (17) observed that continuous saturation
treatment could contribute in adding about 1490 and 1538 million L.E. However,
irrigation every six days could contributed in adding about 250 and 300 million L.E.
over both cultivars in 2003 and 2004 seasons, respectively.

Generally, continuous saturation gave a grain yield similar to that of continuous
flooding with only 3-4% reduction. This means that almost 20-25% of irrigation water
could be saved if all farmers followed this practice and about 1500 million L.E. could
be add to the national income.
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