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ABSTRACT

The current study was conducted in the Northern Nile Delta (Hammoul District) to evaluate the effect
of irrigation with agricultural drainage and blended canal water on growth characteristics, yield and its
components, and grain quality of three rice varieties during two successive seasons of 2020 and 2021. The
irrigation treatments were as follows: irrigation using the agricultural drainage water(l1), irrigation using
agricultural drainage water, alternate with blended water one by one(l2), and irrigation using the blended canal
water(ls). Sakha 104, Giza 177, and Giza 178 rice cultivars were used in this study. The results indicated that
heading days, plant length (cm), panicle length (cm), number of panicle hill"X, number of filled grains panicle’
1 1000- grain weight (g), grain yield (t ha'%), and harvest index were better with blended canal water than that
with agricultural drainage water. The greatest yield of the Giza 178 variety was achieved with blended canal
water, while its yield was reduced by 9.6% when irrigated with drainage water. The results showed that the
mean grain yield of Sakha 104, Giza 177, and Gizal78 in the 1% season were 9.64, 8.69, and 11.31 t ha*and
in the 2™ season they were 9.83, 8.66, and 9.88 ton ha', respectively. Also, the results showed that the yield
of Giza 178 which was irrigated by drainage water was close to that produced by Sakha 104 or more than that
of Giza 177, which was irrigated by the blended canal water. Therefore, Giza 178 cultivar can be irrigated by

drainage water, since it surpassed both the cultivars under this condition.
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INTRODUCTION

Rice (Oryza sativa) is the food for more than half of
the world's population, and it is cultivated on 150 million
hectares throughout the world. Rice is cultivated in Egypt,
mainly in the Northern Nile Delta, where more than 200000
fed are subjected to different degrees of salinity due to
saltwater intrusion from the Mid Sea. Rice production in these
areas helps to leach salt from the upper soil layers, allowing
the land to be used for agricultural uses again. The Egyptian
Government. wants to reduce the area of rice fields from 1.7
million fed. to 500,000 fed.due to limited water resources.
Only 724,200 fed. are available (Al-Waga'a Al-Masryah,
2020). Some farmers at the end of irrigation canals have to
informally irrigate their lands by drainage water directly by
pumping from drains near their fields due to a sharp decrease
in freshwater.

Salinity is a limiting environmental issue for plant pr
oductivity that is growing increasingly common as the
agricultural intensity rises. High salt concentrations have a n
egative impact on 100 million hectares (5% of arable land) t
hroughout the world, reducing crop growth and output (Ghas
semi et al., 1995; Gunes et al., 2007; Kumar et al., 2010 and
Tavakkoli et al., 2011).

Due to a complete lack of freshwater budget, Egypt's
agriculture sector and food security are at risk. The most
suitable way to solve the irrigation water deficit is to reuse
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agricultural drainage water. Due to salt problems, the quality
of reused drainage water is a concern, particularly in dry
regions like Egypt. As a result, the quality of water for reuse
projects is important. The quantity of agricultural drainage
employed for irrigation unofficially is believed to be 2800 -
4000 million m3/year (FAO, 2006). The availability of water
for irrigation may be increased by recycling drainage water
correctly and economically. Various countries around the
world, including Australia, Egypt, India, Israel, Pakistan, and
the United States, have large supplies of this water. With the
application of improved farming and management practices,
water that is traditionally classed as unsuitable for irrigation
may be effectively used for producing crops without severe
long-term implications for crops or soils.

Oster (1994) proposed three adjustments to traditional
irrigation procedures that would allow salty irrigation water
to be used: 1- Selecting a salinity-tolerant crop, 2- Improving
water management, and 3- Maintaining the physical qualities
of the soil, including soil permeability through tillage. El-
Refaaee et al.(2008) found that Sakha 104 and Giza 178 rice
cultivars yielded nearly the same amount of rice and even
outperformed other cultivars, whereas Giza 177, a short-
duration cultivar, was highly affected by soil salinity. In
general, rice cultivars Sakha 101, Sakha 104, and Giza 178 do
better with limited water, such as at the ends of irrigation
canals. According to Zayed, B. A. et al. (2012), rice cultivars
of both Giza 178 and SK2034H have high salt tolerance;
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however, SKHA2034 is more drought-resistant than Giza
178, making it a second choice as a drought-tolerant cultivar.

The goal of this study is to evaluate the effect of
irrigation with agricultural drainage on growth characteristics,
yield and its components, and grain quality of three rice
varieties.

MATERIALS AND METHODS

A field experiment was conducted at the private farm
(Elhamoul District) kaferelshikh Gov., Egypt, during the
2020 and 2021 growing seasons. The experiments were
carried out to study the effect of irrigation water quality on the
yield and quality of some rice cultivars (Sakha 104, Giza 177
and Giza 178) which are varied in their genetic characteristics.

This field experiment was carried out in a split-plot
design in both seasons with three replicates. Main plots were
devoted to quality of irrigation water treatments as follows:
Irrigation using agricultural drainage water (l1), irrigation
using agricultural drainage alternative with blended canal
water one by one(l), and irrigation using the blended canal
water (Is). Leaching fractions (0.15, 0.10 and 0.05) were used
with Iy, Iz and I3, respectively depending on salinity levels of
irrigation water and rice tolerance level to salinity. Three rice
cultivars were distributed in subplots. The three cultivars were
grown in a well-prepared seedbed through good tillage, dry
leveling, and wet leveling (puddling) .

Seeds at the rate of 60 kg /fed were soaked in water
for 48 hr then incubated for 24 hr to hasten early germination.
Seeds were uniformly broadcasted in the nursery on 1% and
2" May of the two seasons, The Rice seedlings aged 25 days
were transplanted to the permanent field. the previous crop
was Egyptian clover (Trifolium alexandrinum). Nitrogen
fertilizer was added at the rate of 69 Kg N fed™ in the form of
Ammonium sulfate (20% N) in three equal splits application
at 15, 30, and 45 days after transplanting. Zinc sulfate at the
rate of 10 kg/fed was applied after puddling. For controlling
weeds, Seven days after transplanting the herbicide Saturn
50% [S-(4-Chlorophenol methyl) diethyl carbamothioate]at
the rate of 2L fed® was mixed with enough sand to make it
easy for homogenous distribution.

The permanent field was tilled mechanically and wet
leveled. The trial location was split into 27 plots (7x7.5 m2)
to be 1/80 fed for each. Drainage water was drained into the
experimental field from a nearby drain. For the three kinds,
seedlings were planted at a rate of two seedlings per hill, with
a distance of 20 cm between the rows and the hills.
Throughout the growing season, all plots were continually
flooded to a water head of 5 cm. Except for the two study
parameters, irrigation treatments, and rice cultivars, all
agricultural practices followed the Egyptian Ministry of
Agric, recommended package of rice under saline soil, and
Land Reclamation's recommendations.

Soil samples were randomly taken from two depths
(0-30 and 30-60 cm) from each plot before transplanting and
after harvesting. The hydrometer technique was used to
determine the soil particle size distribution. According to Kim
(1996), the soil in the experimental site was clayey, with
53.0% clay, 32.3% silt, and 14.7% sand. The electrical
conductivity (EC), the concentrations of water-soluble cations
(Ca™, Mg*, Na* and K*), soluble anions (HCOs", CI- and
SOs7) were determined in 1:1 soil-water extract, the pH was
determined in 1:1 soil water suspension and the available N P

and K were determined in soil extract. Table 1 shows the
analytical results of the soil sample obtained before
cultivation (1) As stated in Tablel, water samples from both
irrigation canal and drainage water were collected and
chemically tested according to Page (1982) as shown in Table
2. The procedures of FAO (1976)for determining the quality
of irrigation water were used. Soluble sodium percentage
(SSP), sodium adsorption ratio (SAR), residual sodium
carbonates (RSC), soluble magnesium percentage (SMgP)
and potential salinity (PS) are the water quality metrics.

Table 1. Soil mechanical and chemical characters of the
experimental site before cultivation.

Characters 2020 2021
Sand% 14.7 14.7
Silt% 323 323
Clay% 53.0 53.0
Soil texture Clay Clay
pH (1:1, soil: water suspension ) 8.2 84
EC (1:1, soil: water extract), dSm-1 5.57 3.86
Cations (meg/l)
Ca™ 6.64 6.264
Mg** 13.08 12.744
Na* 34.65 16.87
K* 144 2.66
Anions (meg/l)
COs™ 0.0 0.0
HCOs 16 16
Cr 19.7 16.5
SO~ 345 205
Auvailable K (mg/kg) 900 901.6
Auvailable P (mg/kg) 234 231
Available N (mg/kg) 54.6 54.4

Table 2. Chemical properties of the irrigation water used
in the current experiment.

Season 2020 Season 2021
Parameters  Blended Drainage Blended Drainage
water Water water Water
EC (dSm™) 1.67 2.70 173 2.86
Soluble cations (meg/l)
Na* 88 143 95 16.8
K* 0.8 22 0.9 15
Ca? 35 6.0 34 6.1
Mg 38 54 37 55
Soluble anions (meg/1)
COs 0.0 0.0 0.0 0.0
HCOs 54 9.7 53 9.9
cr 8.0 12.6 73 141
SO~ 35 4.7 49 5.9

Quality of irrigation water:
1. Electrical conductivity (ECiw, dSm).
2.Cations and anions.Cations (Ca®*, Mg?*, Na*, K*) and
anions (COs*, HCOg, CI and SO4* ions) determined
according to Page (1982).
3. Sodium Adsorption Ratio (SAR) or Soluble Sodium
Percentage (SSP, %).

SAR—__ Na©
J(Ca® + Mg®)/2
ssP=—2 100
> Cations
4. Soluble Magnesium Percentage (SMgP, %):
SMop — [Mg?]
gP = x 100
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5. Residual Sodium Carbonate (RSC, me/L):
RSC =[ CO} +HCO; |-[ Ca* +Mg™" |

6. The concentration of toxic compounds can be expressed by
the values of Potential Salinity (PS):

PS(me/l)=CI +0.5xSO%

Water applied (Wa): The amount of water delivered through
the spile tube was calculated according to Majumdar (2002)
by the equation;
q=CA\2gh

Where: g = Discharge of irrigation water (cm®s?),

C = Coefficient of discharge = 0.62 (determined by experiment

A = Inner cross section area of the irrigation spile (cm?),

g = Gravity acceleration (cm/s?) and

h = Average effective head (cm).

The volume of water delivered:for each plot was calculated
by substituting Q in the following equation:
Q: q % Txn

Where: Q =water volume m?® plot?,

g = discharge (m*¥min),

T =total time of irrigation (min) and

n = number of spile tube per each plot.
Irrigation water productivity (IWP):The productivity of
irrigation water in kg grain m?® of irrigation water was
calculated according to Ghane et al., (2010) and Ali et al.,
(2007), as follows:

_ Grainyield (kgha-1)

IWP = -
total of applied water
Growth characters; Some characterswere measured as
follow:

1. Number of days to heading (days), 2. Plant height (cm)and
3. Panicle length (cm).
Yield and Its components: Some characterswere measured
as follow:
1. Number of paniclesthill., 2. Number of filled grains/
panicle, 3. 1000 grains weight. and 4. Grain yield ton/fed.
5.Harvest Index (HI):
HI = Econmic yield (grain yield)

Bilogical yield (grain + straw yields)
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. Irrigation water applied (IWa) as affected by irrigation
treatments:

The values of IWa are presented in Table (3) and Fig
(1). It was clear that the total amounts of IWa as a mean of
both seasons are12085, 11032 and 10403 m?ha resulting
from 1y, I2 and s irrigation, respectively. So,the irrigation
using the blended water (lIs) had the lowest amount of IWa,
while irrigation using the agricultural drainage (l1) had the
highest IWa. This is related to the that irrigation events with
drainage water during the growing season should be higher
than that with other irrigation treatments according to the
leaching fractions which were used to alleviate the
accumulation of salts in the soil profile.

X 100

Table 3. Irrigation water applied (IWa)m*haas affected by irrigation treatments

Growth stages I Season 2020 Season 2021 Mean of seasons
1 1> I3 I 1> I3 I I I3

Nursery 238 238 238 250 250 250 244 244 244
Seedling raising (30 days) 357 357 357 357 357 357 357 357 357
Preparation of the field 1309 1309 1309 1309 1309 1309 1309 1309 1309
June 2261 2261 2261 2154 2154 2154 2208 2208 2208
July 3570 3094 2618 4046 2975 2816 3808 3035 2717
August 3332 3094 2856 3582 3451 3213 3457 3273 3035
September 714 595 476 690 619 593 702 607 535
Total 11781 10948 10115 12388 11115 10691 12085 11032 10403

Irrigation water applied (m?/ha)during both seasons

14000

17388
11781 11115
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Fig. 1. Irrigation water applied (m°ha?) as affected by
quality of irrigation water

How suitable is this water for irrigation?

The most important parameters in determining water
quality for irrigation are (1) Total concentration of soluble
salts; (2) relative proportion of sodium to other cations; (3)
concentration of boron or other elements that may be toxic,
and (4) bicarbonates and carbonates as related to calcium and
magnesium.The water quality parameters for canal and
drainage waters used in this study are presented in Table (4).
Water electric conductivity (ECw): According to these
data, the ECjy for the two types of water varied from 1.67 to
2.70 dSm in the 2020 season and from 1.73 to 2.86 in the

2021 season. The EC levels in the blended water canal and
drainage water are less than the critical level (2.0 dSm?)
according to FAO (1976). In general, it appears based on the
given data that the two irrigation water types employed in this
study may create one or more problems. The most common
domain difficulties, when using the criteria for assessing
water quality for irrigation, are salinity and sodicity problems.
Therefore, using drainage water can be suitable for
continuous irrigation without serious hazards if proper water
management was used (application of leaching
requirements).

Sodium adsorption ratio (SAR): According to the data,
SAR values of both water sources are comparatively low
when compared to the critical threshold level (less than 10) as
stated by Richards (1972).

Soluble sodium percentage (SSP): In season 2020, SSP
values for the two types of water varied from 52.1 to 53.2 in
the 1% season, while in the 2™ season, SSP values ranged from
54.3 to 58.7. The statistics indicated that all SSP values were
slightly below the critical level (60) according to Wilcox
(1958).

Residual sodium carbonates (RSC): RSC assesses the
irrigation water's proclivity for forming carbonate and
dissolving or precipitating calcium and, to a lesser extent,
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magnesium carbonate. The precipitation of poorly soluble
carbonates enhances the sodium hazard of irrigation water
and increases the sodicity of irrigated soils as a result. The data
indicated that there is no RSC in both water resources in both
growing seasons due to that the sum of Ca?*+Mg?* is higher
than the sum of CO5?+HCO?, resulting in no sodium toxicity
has occurred.

Potential salinity (PS): In the 1% season, PS for the two
irrigation water types utilized varied from 9.8 to 14.9 meqg/I,
while in the 2™ season it ranged from 9.8 to 16.4 meg/l.
Richards (1972) observed high PS values above the threshold
limit(5meg/l)may be attributable to excessive chloride and
sulfate contents in both irrigation sources.

pH: The pH of the blended water ranged between7.4-7.6
while the pH of the drainage waters ranged between 7.3 and
7.8. The pH values of both waters are, therefore, within the
normal range (6.5-8.4) as outlined by Ayers and Westcot
(1987).

Concerning the cationic concentration of both
irrigation waters, the obtained results indicate that the
Na*cation was the dominant one, followed by Mg?*Ca** and
K*. The anionic centration showed that Clwas the dominant
ion followed by HCOs then SO4~. The COs™ ions were not
detected in both irrigation waters. The highest concentration
of the ions occurred in the blended water, whereas the highest
ones were in the agricultural drainage water.

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

Season 2020 Season 2020
Parameters Blended Drainage Blended Drainage
water Water water Water
EC (dSm?) 167 2.70 173 2.86
pH 7.56 7.25 7.40 7.78
Soluble cations (meg/l)
Na* 8.8 14.3 95 16.8
K* 08 22 09 15
Ca?* 35 6.0 34 6.1
Mg 38 54 37 55
Soluble anions (meg/1)

COs 0.0 0.0 0.0 0.0
HCOs 54 9.7 53 99
oy 8.0 12.6 73 14.1
SO4~ 35 4.7 49 59
SAR 46 6.3 5.0 7.0
RSC (meg/l) 0.0 0.0 0.0 0.0
SSP 52.1 51.3 543 56.2
SMgP 225 19.4 211 184
PS (meg/l) 9.8 14.9 9.8 16.4

2. Soil salinity as affected by different treatments:

Soil electrical conductivity (EC) correlates with soil
qualities, which impact on crop yield. The data in Table 5
demonstrated that all irrigation treatments caused clear
decreases in soil ECeas well as all soluble ions in two depth
soil depths (0-30 cm, and 30-60) after harvesting compared to
that before cultivating in both growing seasons. these findings
are consistent with those of Mahmoud (2008). Soil salinity
was decreased from 5.57 before planting to 4.36, 3.86, and
3.36 dSm*with treatments Iy, I and Is, respectively during the
1% season, while it was decreased from 3.86 before planting
t0 3.21, 3, and 2.57 dSm* with the same treatments in the 2™
season, respectively.The highest value recorded from a depth
of 30- 60 cm, may be due to continually percolating water
leaching the salts from the topsoil. On the other hand, no

differences was noted among all rice cultivars with all
irrigation treatments as shown in Table 6.

Table 5. Soil chemical characters of the experimental site
before and after cultivation
Season 2020 Season 2021
Before After harvesting Before After harvesting
cultivation I, 1, I; cultivation I, I, I3
pH 840 823823 823 820 814 814 814
EC(dSm?) 557 436386 336 436 341 300 263
Soluble Cations (meg/l)

Paramerer

Ca?* 106 49 47 46 6.3 50 40 50
Mg?* 131 143 133 123 127 111 121 91
Na* 307 244 204 168 199 191 140 114
K* 14 16 15 13 17 17 15 14
Soluble Anions (meg/l)
HCOs 16 13 14 15 16 12 15 16
Cl 157 112 92 52 165 49 49 49
SO% 386 327 293 283 225 307 252 204
Auvailable Nutrients (mg/kg)
K 900 9207544069000 9016 721.28676.2631.12
P 234 2171779 1628 231 1848 17.32 1617
N 546 767 6289 5753 544 4352 408 3808

Table 6. Soil salinity (EC) as influenced by quality of
irrigation water and rice cultivars
The 1% season, 2020

Rice variety Ec (dSm?)0-30cm  EC (dSm™) 30-60 cm
h I2 Is h I2 Is
Before planting 557 557 557 657 657 657
Sakhal04 436 386 336 48 446 416
Gizal77 436 386 336 486 446 416
Giza 178 436 386 336 486 446 416
The 2 season, 2021
Beforeplanting 436 436 436 486 486 4.86
Sakhal04 341 29 263 424 357 311
Gizal77 341 29 263 424 357 311
Giza 178 341 296 263 424 357 311

3. Growth charactersticts:

All of the growth parameters, heading date, plant
height (cm), and panicle length (cm) in the two growing
seasons have high significant variances within the three rice
cultivars, owing to differences in their genetic backgrounds as
shown in Table7. Furthermore, it is obvious that different
irrigation treatments had a considerable impact on all growth
parameters under this study. However, the difference between
the effects of 15 (blended water), and I, (agricultural drainage
alternating with the blended water) on these parameters were
inconsequential. If the total of salts in irrigation water was
found at a high level, a negative effect on crop growth and
yield will occure, the excessive quantities of soluble salts will
accumulate in the root zone and therefore the crop has extra
difficulty in extracting enough water from the salty soil
solution. This reduces water uptake by the plant and reduces
plant growth.

Heading date: The number of days to heading was lowest
with the I3 treatment as compared with the other treatments
in both seasons. The mean number of days to heading for both
seasons with 1,15, and Is water regimes were 98.56, 97.22, and
97.0 days, respectively, this might be due to the fact that
drainage water encourages the plant to create new canopies to
replace the damaged ones, hence extending the vegetative
period. Concerning the number of days to heading as affected
by rice cultivar Sakha 104 had the longest heading date (108.0
days) while Giza 177, and Giza 178 had 96.1, and 96.0 days
respectively with respect to the interaction between rice
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varieties and irrigation treatments Gizal78 rice varieties
significantly produce the shortest period from sowing to
heading with the three irrigation treatments in the two seasons
(Tables).
Plant height: The highest plant height was recorded with (I3)
irrigation treatment as compared with both other treatments,
which were exactly similar in their effects in both seasons.
Poor quality water in the terms of drainage water significantly
produces the shortest plant, while the blended water (I3)
significantly exerted the tallest plant in both seasons. The
tested rice varieties apparently varied in their plant height in
both seasons of study Sakha 104 had the tallest plant while,
Gizal77 brought the shortest plant in both seasons. The
interaction effect showed that Sakha 104 with all tested
irrigation treatments produces the tallest plant.These results
agreed with that obtained by the increased plant height might
be due to the effect of water in encouraging cell division and
elongation. Also, it might be attributed to favorable root
growth and higher mobility of elements (Gomaa et al., 2005
and Patil et al., 2017).
Panicle Length (cm), Panicle length (cm) are influenced by
the quality of irrigation water and rice cultivars and the
interaction between each other (Table7&8). The longest
panicle was obtained by I3 (blended water) in both seasons on
the other side the shortest panicle existed by (11), these rustles
are agreed with Gomaa et al. (2005). Concerning the rice
cultivars' effect on panicle length, it was found that Gizal78
gave the longest panicle in both growing seasons. These
findings are in agreement with those obtained by Shereen et
al.(2005) and Mirza et al.(2009).with respect to the interaction
between rice varieties and irrigation treatments Gizal78 rice
varieties significantly produce the shortest period from
sowing to heading with the three irrigation treatments in the
two seasons.
Table 7. Heading date, plant height, and Panicle length as
affected by quality of irrigation water and rice

cultivars
Heading Plant height  Panicle length
Factors days (cm) (cm)

2020 2021 2020 2021 2020 2021

Irrigation
I 10000 9889 97.00 9756 1911 20.00
I2 100.11 100.67 97.67 99.11 2011 21.33
I3 100.56 101.00 9856 100.22 20.67 21.78
F-test ns ns ns * Hx **
LSD (0.05) - - - 17084 05038 0.7344

Rice varieties
Sakhal04 108.22 108.89 10222 103.67 2122 21.89
Gizal77 9622 9589 9311 9400 1967 2144
Giza 178 9622 9578 97.89 9922 19.00 19.78

F_test *% *% *% *% *% *%

LSD (0.05) 0.6092 1.1777 0.6703 0.4842 0.8839 0.4636
* = Significant at 0.05 level, ** = Significant at 0.01 level

4. Yield and Its components:

The number of panicles/hill, number of filled grains/
panicle, 1000-grain weight and the grain yield and their
interaction are illustrated in Tables (9&10).

A number of panicles /hill: The number of panicles/hills was
significantly affected by the quality of irrigation water and
had the same trend in both seasons. The numbers of
panicles/hill were17.78, 19, and 19.78 in the 1% season and
18.11, 19.67, and 20.34 in the 2" seasons for Iy, I, and s,
respectively. There was no significant difference between the

number of panicles/hill with 12 (alternate treatment) and 13
(blended water). These rustles are in agreement with that of
Gomaa et al. (2005) who found that changing irrigation water
types had little effect on a number of panicles /hill.
Concerning the effect of rice cultivars, it was found that there
were no significant differences between different varieties.
The numbers of panicles/hills were 18.89, 18.44, and 19.22in
the 1st season 19.67, 19.56, and 20.44, and in the 2nd season
for Sakha 104, Giza 177, and Giza 178, respectively. In case
of the interaction effects, the data revealed that Sakha 104with
irrigated by the blended water gave the highest number of
panicles/hills in both seasons (20.5), while the lowest value
(17.5) was recorded by Giza 177 irrigated by drainage water.

Table 8. Heading days, plant height, and Panicle length as
affected by the interaction between quality of
irrigation water and rice cultivars

Heading Plant height  Panicle length
Treatments days (cm) (cm)
Irr.  Variety 2020 2021 2020 2021 2020 2021
Sakhal04 106.67 107.00 101.67 102.00 20.33 20.67
I Gizal77 97.00 9400 9233 9233 1933 20.67
Gizal78 96.33 9567 97.00 9833 17.67 1867
Sakhal04 108.00 109.67 102.00 104.00 22.00 22.33
I2 Gizal77 9633 96.67 93.00 9433 1933 21.67
Gizal78 96.00 9567 98.00 99.00 19.00 20.00
Sakhal04 110.00 110.00 103.00 105.00 21.33 22.67
I3 Gizal77 9533 97.00 94.00 9533 20.33 22.00
Gizal78 96.33 96.00 98.67 100.33 20.33 20.67
F-test el el ns ns ns el
LSD (0.05) 0.80 06898 - - - 0.70

The number of filled grains/ panicle: The data showed
the number of filled grains/panicle was significantly affected
by irrigation water quality and rice varieties. Applying
drainage water for rice significantly restricted panicle
number/hill. The blended water possessed the maximum
number of panicle/hill in both seasons. The lowest mean
number of panicles was given by drainage water in the study.
The investigated rice varieties panicle number/ hill of the two
seasons were at par.

The number of filled grains/ panicle was significantly
influenced by irrigation water quality in both growing
seasons. The number of filled grains/ panicle for irrigation
water quality was determined to be 85.78, 93.33, and 93.56 in
the 1st season, and 86.89, 93.67, and94.78 in the 2nd season
under 11, 12, and 13, respectively. These results support the
findings of Gomaa et al. (2005). When it came to the influence
of rice cultivars on the number of filled grains/panicles, it
could be observed that Giza 178 produced the most numbers
of filled grains/ panicles, while Giza 177 recorded the lowest
values in both growing seasons. Giza 178 is well known as a
salt-tolerant variety with a high ability of current
photosynthesis resulting in well grain filling resulted in high
sink capacity and filled grains/panicle. Similar findings are
reported by Zayed et al. 2012 and Mikhael et al. (2018).
1000-grain weight: The obtained data showed that the
quality of irrigation water had a significant effect on 1000-
grain weight. The 1000-grain weight in the 1% season was
22.81, 23.15, and 24.39 g and in the 2" season was 22.93,
23.27, and 24.03 g with 1y, I, and I3, respectively. Therefore,
the 1000-grain weights were increased gradually with
decreasing irrigation water salinity in the following order: I5>
I > > I,. These results are also found by Zeng and Shannon
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(2000) and Ernesto et al. (2007) who reported that 1000-grain
weight showed a significant decrease when they applied salt
(NaCl) as a source of osmotic stress during the reproductive
stage. Regarding the weight of 1000-grain with different rice
cultivars, it was found that 1000-grain weights were 23.81,
22.02, and 24.52 gin the 1% season and 23.99, 21.88, and
24.35 g in the 2™ season for Sakha 104, Giza 177, and Giza
178, respectively. In sequence, the variety of Giza 178
recorded the highest 1000-grain weight, while Giza 177
recorded the lowest values in the two seasons. Concerning the
effect of the interaction between irrigation treatments and rice

varieties on 1000-grain weight (mean of both seasons), the
highest 1000-grain weight (24.84 g) was obtained by Giza
178 irrigated by the blended water (I3), while the lowest value
(20.86 g) was obtained with Giza 177 irrigated by the
agricultural drainage water (I1) The observed variation among
rice cultivars in 1000-grain weight are mainly attributed to the
genetic background. These findings are in agreement with
those obtained by (Shereen etal., 2005, Mirza et al., 2009and
Zayed et al. (2012).)

Table 9. Number of panicles/hill, filled-grains/panicle, grain yield (ton/ha), 1000 grains weight(g) and harvest index (hi)
as affected by irrigation water quality and rice cultivars

Factors No of panicles/hill  Filled-grains/panicle  Grainyield (ton/ha)  1000-grain weight Harvest Index (HI)
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
I1 17.78 18.44 85.78 86.89 9.59 8.988 2281 22.93 39.76 39.98
I2 19.00 20.33 93.33 93.67 9.83 9.375 23.15 2327 3981 40.22
I3 19.78 20.89 93.56 94.78 10.19 10.015 24.39 24.03 40.70 40.39
F_test ns * ** *% * * * *%x *%x ns
LSDO0.05 - 17451 04363 097554 03182 05127  1.0013 04243  0.2992 -
Sakhal04 18.89 19.67 8222 82.67 9.64 9.83 2381 2399 40.18 40.22
Gizal77 18.44 19.56 80.78 82.11 8.69 8.66 22.02 21.88 40.09 39.80
Giza 178 19.22 2044 109.67 110.56 11.31 9.88 2452 24.35 40.00 40.56
F_test * **k ** ** ** ** ** ** ns *
LSDO0.05 0.6092 04420 19717 1.7680 02849 03589 04221  0.2878 - 0.5391

* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not significant.

Table 10. Number of panicles/hill, filled-grains/panicle, grain yield (ton/ha), 1000 grains weight(g) and harvest index
(HI) as affected by the interaction irrigation water quality and rice cultivars

Rice variety No of panicles/hill  Filled-grains/panicle  Grainyield (t/ha)  1000-grain weight  Harvest Index (HI)
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Sakhal04 17.67 18.00 77.67 79.33 9.50 9.73 2363 23.65 40.12 40.25
I Giza 177 17.00 18.00 74.00 74.33 8.07 8.23 20.62 21.09 39.58 39.23
Giza 178 18.67 19.33 105.67  107.00 11.19 9.00 2418 24.04 39.58 4047
Sakhal04 19.00 20.00 84.00 84.00 9.57 9.71 2357 2387 39.56 40.08
I2 Giza 177 18.67 20.00 83.67 84.33 8.69 8.45 2124 21.85 39.87 39.42
Giza178 19.33 21.00 11233  112.67 11.23 9.97 24.64 24.08 40.01 4115
Sakhal04 20.00 21.00 85.00 84.67 9.85 10.07 2424 24.45 40.86 40.33
Gizal77 19.67 20.67 84.67 87.67 9.28 9.33 2420 22.72 40.84 40.76
I3 Gizal78 19.67 21.00 111.00  112.00 11.47 10.66 24.75 2493 4041 40.07
F-test ns ns ns ** el el il ns ns **
LSDO0.05 - - - - 0.31 0.34 1.0013 - - 0.58
Grain Yield: that floodwater EC <2 dSm™ hardly affected rice yield

Regarding the effect of irrigation water quality, grain
yield and its attributes and their interaction are illustrated in
Tables (9&10). The data showed that irrigation water quality
significantly affected the grain yield. The grain yield values
were 9.59, 9.83, and 10.19 ton ha-1 in the 1% season and
9.988, 9.375, and 10.015 ton hain 2™ seasons under Iy, I,
and I, respectively. Table (11), data showed also that the
increases due to Iz in relation to l,and 1, were 8.9% and 5.2%,
respectively in the 1% season, while in the 2™season the
increases were 6.2 % and 3.6, respectively. Concerning the
grain yield with different rice cultivars under this study, the
grain yield was greater with Giza 178 than with either Sakha
104 or Giza 177which both of them were similar in their
yields in both seasons. The grain yield in the 1%season for
Sakha 104, Giza 177, and Gizal78 were 9.64, 8.69, and 11.31
ton ha'land in the 2021 season was 9.83, 8.66, and 9.88 ton
ha'l, respectively. The highest grain yield was obtained with
Giza 178 irrigated by blended water(11.066 kg hat). So, Giza
178 is the best variety, as it tolerated salinity and the decrease
in its grain production was only 8.9% when it was irrigated by
drainage water (I1). Ascha and Wopereis (2001) explained

Hossain et al. (2020). Giza 178 is the best variety might be
due to its ability to increase the activity of cell division and
elongation, and enhanced physiological activity inside the
plant such as photosynthesis, enzyme activity, transportation
of the dry matter content to panicle for grain fillings resulting
in high grain yield Hossain et al. (2020).
Harvest Index (HI): It was recognized that the harvest index
(HI) was significantly affected by the irrigation water quality.
The HI values in the 1% season were 39.76, 39.81, and 40.7
and in the 2™ season were 39.98, 40.22, and 40.39 with Iy, I,
and I3, respectively. This finding is consistent with the
findings of Zeng and Shannon (2000), who found that when
salinity was 3.40 dSm?, the Harvest index was dramatically
reduced. Concerning the rice cultivars' effect on HI, it was
insignificant among all cultivars' understudy in the 1% season,
while it was significant in the 2" season.
5. Irrigation water productivity (IWP):

Data illustrated in Table (11) showed that mean values
(mean of the 2 seasons) of IWP of rice (kg grain/m® of water
applied) as affected by the quality of irrigation water and rice
cultivars during the 2020 and 2021 growing seasons.The
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results showed that Istreatment increased IWPfor Sakha 104
by 15.6% and 10.3% more than I; and lrirrigation and (16.1%

and 11.1) for Giza 177 and 9.3 and 5.6 % for Giza 178,
respectively

Table 11. Irrigation water applied (m®ha?), grain yield (t ha) and irrigation water productivity (kgm?).

Treatment Season 2020 Season 2021 Mean of 2 season
Rice varieties Irr. IWa GY IWP IWa GY IWP IWa GY IWP
I1 11781 9.496 0.81 9734.2 9.00 0.92 10757.6 9.248 0.86
Sakha 104 I2 10948 9.568 0.87 8234.8 8.23 0.99 9591.4 8.899 0.93
I3 10115 9.853 0.97 8996.4 9.73 1.08 9555.7 9.7915 1.02
Ih 11781 8.068 0.68 9710.4 9.71 0.99 10745.7 8.889 0.83
Giza 177 I2 10948 8.687 0.79 8449 8.45 1.00 9698.5 8.5685 0.88
I3 10115 9.853 0.97 9972.2 9.97 0.99 10043.6 9.9115 0.99
Ih 11781 11.186 0.95 10067.4 10.07 1.00 10924.2 10.628 0.97
Giza 178 I2 10948 11.234 1.03 9329.6 9.33 1.00 10138.8 10.282 101
I3 10115 11472 1.13 10662.4 10.66 0.99 10388.7 11.066 1.07
CONCLUSION Ernesto,C. G., T. T. Phuc, M. I. Abdelbariand I. Kazuyuki

Using rice cultivar Giza 178 as the best cultivar
between evaluated attributes under the same soil and water
conditions is recommended in this study. In addition,
agricultural drainage water is used for irrigation using
alternating with other water sources. For most of the evaluated
parameters including grain vyield, irrigation with blended
water yielded the same value as irrigation with blended water
alternated with drainage water one by one. The Giza 178
variety, however, did not reduce yield by more than 9.6%
when watered with drainage water. As a result, planting the
Giza 178 variety, which performed Sakha 104 and Giza 177,
is suggested to be cultivated under saline conditions. Despite
the reality that Giza 178 was irrigated with drainage water, it
produced almost as much as Sakha 104 and more than Giza
177, which was irrigated with the blended canal water. Thus,
it can be concluded that agricultural drainage water
alternating with other water sources can be used for irrigating
some crops, especially high or moderate tolerant cultivars to
salinity without serious effects on their yields or on soil
properties.

REFERENCES

Ali, M. H.; M. R. Hoque; A. A. Hassan and A. Khair (2007).
Effects of deficit irrigation on vyield, water
productivity, and economic returns of wheat.
Agricultural Water Management 92 (3): 151-161.

Al-Waga’a Al-Masryah (2020) published an appendix to the
Official Gazette in its 22™ issue (continued), the
decision of Dr. Mohamed Abdel-Aty, Minister of
Water Resources and Irrigation, No. 305 of 2020,
dated 12/28/2020

Ascha, F., M. C.S. Wopereis. (2001). Responses of field-
grown irrigated rice cultivars to varying levels of
floodwater salinity in a semi-arid environment. Field
Crops Research, 70( 2):127-137.

Ayers, R.S. and Westcot D.W. Water Quality for Agriculture.
Irrigation and Drainage PaperNo. 29. Food and
Agriculture Organization of the United Nations,
FAO.Rome, 1987.

Black, A., D.D. Evans, L.E. Ensmiger, J.L. white and F.E.
Clarck (1965).Methods of Soil Analysis (chemicals
and microbiology properties, part 2). Ames. Soc. Of
Agron., Madison, Wisconsin.

El-Refaee, I. S., A. Al-Ekhtyar and A. Al-Gouhary (2008).
Improving Rice Productivity Using Irrigation
Intervals and Nitrogen Fertilizer. The Second Field
Crops Conference (ABSTRACTS) 36 AGRON-02.
14-16 Oct.

(2007). Response to Salinity in Rice: Comparative
Effects of Osmotic and lonic Stresses. Plant
Production Science J., 10(2): 159-170.

FAO (1976). Water quality for Agriculture. Irrigation and
Drainage paper 29, R.S. Ayers and D.W. Westcot.

FAO(2006). Summaries of case studies from Central Asia,
Egypt, India, Pakistan and the United States of
America. Agricultural Drainage Water Management
in Arid and Semi-Arid Areas book. Published
by Scientific Publishers (2006-02-07).

Ghane, E. Feizi, M. Farid, B. M. Landi, E. (2010).Water
productivity of winter wheat in different irrigation
planting methods using saline irrigation water Int. J.
Agric. Bid. 11:131-137.

Ghassemi, F.; A. J. Jakeman; H. A. Nix (1995).Global
resource overview. In: Ghassemi F.; Jakeman A.J.
and Nix H.A., editors. Salinization of Land and Water
Resources.Wallingford,Oxon UK: CAB
International. Pp 2-19.

Gomaa, M.H., A.A. El-hissewy, F.I. Radwan and M.M. El-
siginy (2005). The influence of some irrigation water
sourses and nitrogen levels on growth and
productivity of rice under newly reclaimed soil
conditions. Egypt, J. Agric. Res., 83 (5B).

Gomez, K.A. and A.A. Gomez (1984). Statistical procedures
for agricultural research. Johns Willey and Sons. Inc.
New York, USA.

Gunes, A.; A. Inal; M. Alpaslan; F. Eraslan; E. G. Bagci; N.
Cicek (2007). Salicylic acid induced changes on some
physiological parameters symptomatic for oxidative
stress and mineral nutrition in maize (Zea mays L.)
grown under salinity. J. Plant Physiol., 164:728-736.

Hossain, M.Z., Sikder, S., Husna, A., Sultana, S., Akhter, S.,
Alim, A. and Joardar, J.C., 2020. Influence of water
stress on morphology, physiology and yield
contributing characteristics of rice. SAARC J. of
Agric. 18(1):61-71.

IRRI (International Rice Research Institute) (2007). Water
Management in Irrigated Rice: Coping with Water
Scarcity. Los Bafios (Philippines): IRRI.

Kim ,H.Tan (1996). Soil Sampling, Preparation and analysis.
Marcel Dekker, Inc. NewYork, 391 p.

Kumar, V.; V. Shriram; P. B. KaviKishor; N. Jawali; M. G.
Shitole (2010). Enhanced proline accumulation and
salt stress tolerance of transgenic indica rice by over
expressingP5CSF129A gene. Plant Biotech Rep.,
4(1): 37-48..

Mahmoud, M.M.A. (2008). Effect of cropping pattern on soil
properties in North Delta Region. M.Sc. Thesis,
Faculty of Agric., kafrelsheikh Univ.

139


http://www.sciencedirect.com/science/journal/03783774
http://www.sciencedirect.com/science/journal/03783774
http://www.sciencedirect.com/science/article/pii/S0378429001001289
http://www.sciencedirect.com/science/article/pii/S0378429001001289
http://www.sciencedirect.com/science/article/pii/S0378429001001289
http://www.sciencedirect.com/science/journal/03784290
http://www.sciencedirect.com/science/journal/03784290
http://www.sciencedirect.com/science/journal/03784290/70/2
http://ci.nii.ac.jp/author?q=Castillo+Ernesto+G.
http://ci.nii.ac.jp/author?q=Tuong+To+Phuc
http://ci.nii.ac.jp/author?q=Ismail+Abdelbari+M.
http://ci.nii.ac.jp/author?q=Inubushi+Kazuyuki

Mona S. M. Eidet al.

Majumdar, D.K. (2002). Irrigation water management:
principles and practice. 2™ ed. Prentice Hall of India,
New Delhi. 487: 261-283.

Mikhael, B.B., Awad-Allah, M.M.A. and Gewaily, E.E.,
2018. Effect of irrigation intervals and silicon sources
on the productivity of broadcast-seeded Sakha 107
rice cultivar. Journal of Plant Production, 9(12):1055-
1062

Mirza, H., M. Fujita, M. N. Islam, K. U. Ahamed and N.
Kamrun (2009). Performance of four irrigated rice
varieties under different levels of salinity stress. 1JIB,
6 (2):85-90.

Oster, J .D (1994). Irrigation with poor quality water.
Agricultural water management .25: 271-295.

Page, A.L. (Ed) (1982). Methods of Soil Analysis, Part 2:
Chemical and Microbiological Properties, (2nd Ed.).
Am. Soc. At Agron.Inc. Soil Sci. Soc.Of Am Inc.,
Madison, Wisconsin, USA.

Patil, A.A., Durgude, A.G., Pharande, A.L., Kadlag, A.D. and
Nimbalkar, C.A., 2017. Effect of calcium silicate as a
silicon source on growth and yield of rice plants.
International Journal of Chemical Studies, 5(6):54-59.

Richards, L.A. (ed.) (1972). Diagnosis and Improvement of
Saline and Alkaline Soils. U.S. Dept. of Agric., Agric.
Handbook No. 60.

Richards, R. A. 1995. Improving crop production on salt-
affected soils: By breeding ormanagement? Expl.
Agric. 31: 395-408. http://mww.bloomberg.com/
apps/news?pid=newsarchive&sid=acklDtfBrt1k

Shannon, M.C. 1997. Adaptation of plants to salinity. Adv. in
Agron., 60: 75-120.

Shereen, A., S. Mumtaz, S. Raza, M.A. Khan and S. Solangi
(2005). Salinity effects on seedling growth and yield
components of different inbred rice lines. Pak. J. Bot.,
37(2): 131-139.

Tavakkoli, E.; F. Fatehi; S. Coventry; P. Rengasamy; G.K.
McDonald (2011). Additive effects of Na+andCl-
ions on barley growth under salinity stress. J. Exp.
Bot., 62(6): 2189-2203.

Wilcox, L.V. (1958). Determining quality of irrigation water.
Agric. Inf. Bull. No. 147, USDA, Washington.
Zayed, B. A. ; R.A. EI-Namaky; Y. Z. EI-Refaee and S.E.M.

Sedeek (2012). Comparative Study On Hybrid And
Inbred Rice Under Drought And Saline Stresses. J.
Plant Production, Mansoura Univ., Vol. 3 (1): 91 -

108, 2012.

Zeng, L. and M.C. Shannon (2000). Salinity effects on
seedling growth and yield components of rice. Crop
Sci., 40: 996-1003.

4 Baga g S dilival amy Baga g Jgana o A glia Blaa pa gliilly &1 )3 il slsay (5 1) il
24 51<e dana 5 el g IZUidllae dana o) il g T daaa Aua e
4o 3l Cigand) 38 e - Adadl g Blaall g ol W) gy dgma ) (5 301 g Asilal) ciliiBal) i gag and !

4 30 i) 38 e Axdial) Jualaal) & gy dgra - ¥ &gy audd 2

1970 ale X g ) gty Sl s el 4 il (g b il 200 G ST an g3 G (Jsalal Aadia) Jall Wl Jlad b sl Al 5l
b oball B3 G ¢ el ) 3 iyl ol (e ki) A il Candl 13 Cangy & i gl B i L (5l olay dlaaYl (s (e Ailaiall 030 a3 s
=03 il sl A3 55 2021 52020 pamisa U 5 I seana o Cibical 320 g5 Al 5 gai e o 55 5 ) il s
Baay 5 - a3l iyl Blaas (sl - 1 rs Ll el S 5l il A o ganll 83 a5 405 S0 5  grannal 5 saill (ilaad e g il slias
2o o gl & el 178 5 <177 83 <104 Las: 5,1 Cilical Caeaiinl g Al e de jisbiay gl - o> | A hiia sbae pe il e ) Sl o yual)
S duaall e sdan 1000 015 s« sl O sana ¢ Alsiad)/ 3¢ slaall Cigoall aae 65y sall/Jibindl ae dlindl J gl el Jsha e Jiindl 35k ia ALY
79.6 (S sms o A gana o LS il glaal) sbaally (5 5l 178 8 3 tiall J guana ) (i o5 5 o)y 30 el ohsa (g i slicall saal) pn Joed
sane (g0 SS1 5 104 s Cia J eane (g0 0 i  seane Canil o gl obaay (515 55 ilS 31 178 5 g iin (f i) ity 5 o yuall olpay ) e
a3 177 8 104 B e A8 o (5585 (53 5 ecd puall olaay 178 8 i caa Aol ) ) = iy ol A g Ada sliall obaally (5 55 il W77 8ua
Ay pillan oy )k

140


http://www.bloomberg.com/

