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ABSTRACT

The lack of freshwater for rice cultivation has emerged as a significant issue, prompting rice farmers in
Egypt's northern delta to use low-quality water for rice crops, which is deemed a disastrous situation. Two field
trials were carried out during the summer seasons of 2022 and 2023 at the farm of Sakha Agriculture Research
Station, Sakha, Kafr EI-Sheikh, Egypt, to investigate the effect of using various ratios of freshwater to drainage
water on soil quality and behaviours of some rice cultivars specifically; Giza 183, Giza 178, Sakhal06 and
Sakhal08. A strip plot design featuring four replicates was employed in the experiments. The vertical plots focused
on five types of water qualities as follows: Freshwater (FW), drainage water (DW),1FW: 1DW, 2FW: 1DW, and
1FW:2DW, rice varieties were put in horizontal plots. The results indicated that, highest level of heavy metals was
found in drainage water which, diminished soil quality and raised heavy metals in rice grains, along with its harmful
impact on rice growth, yield, and its components. The treatment of freshwater was the most effective, followed by
2FW: 1DW. The treatment of 2FW: 1DW is appropriate and cost-effective for watering rice plants, particularly
during times of limited freshwater availability. Giza 183 and Giza178 cultivars are more resilient in drainage water
compared to other varieties. It could conclude that poor quality water mixed with freshwater (2FW: 1DW) had
profitability of rice, produced safely heavy metal level in soil and rice grains, along with cultivated both Gizal78
and Gizal83 rice varieties.
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INTRODUCTION

The freshwater resources available globally remain
unchanged while the population continues to grow. The
amount of water accessible per person will keep rising
diminishment leading to water shortages or pressure in certain
regions (FAO, 2016). In Egypt, water is a vital resource for
crop cultivation. Therefore, a technological option available
to farmers to address water shortages is improving water use
efficiency through crops, which can increase agricultural
yields and alleviate the food deficit gap between consumption
and production (Omar and Moussa,2016). Water impacts
crop yields not only directly but also indirectly by influencing
the availability of nutrients (Darwesh et al.,2016). Rice is
regarded as one of the most vital strategic crops globally. Due
to its importance, it comes after wheat in Egypt, as it
contributes greatly to the national economy (USDA, 2022).
Rice is considered one of the land reclamation crops,
particularly in the northern region of the Nile Delta, where
these areas are planted with rice to protect them from salinity
that may arise due to groundwater from the Mediterranean
Sea (Al-Wagaa, 2020). The total potential of water resources
in any of the Middle East countries and other arid areas of the
world is lower than what is needed to satisfy domestic, urban,
and industrial demands (Hussein., 2012 and FAO/ WHO
committee,2019). Many Middle Eastern nations will
encounter serious water issues soon with inadequate water
management booming population, and rising temperature as
negative results of climate change have damaged the areas
land and depleted its scarce water resources (CSIS, 2024). It
is essential for development and the movement of nutrients
from the soil to various parts of the plant, in rice paddies, the
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goal of water management is to maintain optimal growing
conditions around the roots and enhance the utilization of soil
nutrients (Darren et al.,2020). Due to constrained water
resources, advancements in rice production in the future
necessitate the creation of water-efficient technologies.
(Gargouri et al., 2022). Recycled waste water or drainage
water serves as the sole additional water source for
agriculture, industry, and urban non-potable reuse that truly
rises in volume as the population expands, while the urban
and industrial sectors increasingly require more water (Soma
et al., 2023). Low-quality water and insufficient drainage
systems significantly add to the salinity issue in rice fields
(Mona et al.,2022). The inhibition of plant growth in saline
environments may result from decreased osmotic pressure or
the effects of specific ions (Yaron et al., 1973 and Zayed et
al.,2024). The overall concentration of soluble salt in
irrigation water is the key factor in assessing the quality of
irrigation water after heavy metals because the salinity of soil
solution is usually related to the salinity of irrigation water
(Howida,2021). Agriculture land irrigated is the biggest user
of developed water resources. Simultaneously, employing
drainage water for irrigation is a significant factor
contributing to waterlogging and soil contamination (Bhat et
al., 2019). The effective use of drainage water could improve
the availability of water for irrigation. The primary health
risks of significant concern, stemming from chemicals in
waste water, result from heavy metal contamination of field
crops such as rice (Mera et al., 2016). These metals are
absorbed from the soil and bio-accumulated within the crops
themselves while inflicting harm on plants and lowering grain
quality, when reaching elevated levels and under specific
conditions, they can turn toxic to humans and animals
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consuming the metal-laden plants (Florence et al., 2021)
Generally, EI Sharkawi and Zayed (2012) claimed that there
is high potentiality to use poor quality water in rice paddy field
without any side effect on soil or rice grain quality and yield
with using some tolerant varieties and proper mechanism
creating by specific cultural management such as relevant
nitrogen sources, potassium application and mixture of fresh
and drainage waters. The research intends to assess how
irrigation water quality influences certain chemical
characteristics of soil, rice yield and its components, along
with the presence of heavy metals in the grain.

MATERALS AND METHODS

Filed trials were carried out at the Experimental farm
of Sakha Agriculture Research Station, Sakha, KafrEl-
Sheikh, Egypt during 2022 and 2023 seasons to explain the
impacts of different water qualities on soil quality and some
rice varieties i.e.; Sakhal06 and SakhalO8 (Japonica type-
short grain), Gizal78 and Gizal83 (Japonica/ Indica type-
short grain). Water qualities namely, freshwater (FW),
drainage water (DW), IFW: IDW, 2FW: IDW, and IFW:
2DW. Irrigation water was distributed in equal amounts to all
plots every four days. In accordance with IFW: IDW,
freshwater was initially applied, and after four days, drainage
water was introduced to the plots, continuing until the
season’s end. For the 2FW: IDW scenario, freshwater was
used on two occasions, while drainage water was utilized
during the third application. For IFW: 2DW, freshwater was
used initially, followed by drainage water in the second and
third applications, continuing this pattern until the season’s
end. A strip plot design incorporating four replications was
implemented. The horizontal plots were allocated to the five
treatments of irrigation water qualities, whereas the vertical
plots were designated for the four rice cultivars. Every plot
measured 36 m? and the prior crop for both seasons was
clover. The nursery seedbed was well ploughed and dry
levelled. Rice seeds at the rate of 150 Kgha® were used as
recommended, and phosphorus fertilizer (P,Os) at the rate of
36kg ha', was added to all plots. Zinc sulphate (22% Zn) was
applied at a rate of 50 Kg ha® after puddling and prior to
sowing the nursery, while nitrogen fertilizer in the form of
urea (46.5% N) was added at a rate of 150 Kg N ha. After
25 days in the nursery, seedlings were uprooted and moved to
the permanent field, where they were transplanted regularly
in the plots with a spacing of 20 cm. The chemical and
physical characteristics of soil and water irrigation were
established based on (Black et al., 1965 and FAO 1976) and
presented in (Tablesl&2). The other agricultural cultural
practices were carried out as advised. During the later stages
of booting, measurements were taken for plant height(cm),
flag leaf area(cm?), leaf area index (LAL), relative growth rate
(RGR) (g/g/week), light penetration, chlorophyll content
(SPAD), and heading date. During harvest, we recorded plant
height(cm), number of panicles, length of panicles(cm), filled
grains per panicle, percentage of unfilled grains, and the
weight of 1000 grains(g). A protected section of ten m2 was
collected, air-dried, weighed for assessing biomass yield, and
subsequently threshed; the grain yield was recorded in
kg/plot, adjusted to a 14% moisture basis, and then
transformed to t/ha. Grain samples were gathered for
examination based on Chapman and Pratt (1961). RGR =
(Loge W2-Loge W1)/ (T2-T1)(Hunt (1978).

Light penetration was measured at panicle initiation at
20 cm above the ground using Lux/meter Pu 150 (Lux).
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Chlorophyll content (SPAD) was assessed at maximum
tillering with a chlorophyll meter (model SPAD=502) in each
plot. The total soluble cations, anions, and heavy metals in soil
and grains were assessed using an Atomic Absorption
Spectrophotometer.

Table 1. Mechanical and chemical analysis of the
experimental soil (0-30cm).

Season 2022 2023
Mechanical analysis
Sand % 11.5 11.5
Silt % 329 329
Clay % 554 54.5
Texture class% Clay Clay
chemical analysis
Organic matter % 1.50 1.42
Ecds/m 1.53 1.68
pH 8.16 8.20
Nitrogen ppm 45.0 61.0
Soluble P ppm 20.0 23.0
Cations meq/l
Na* 5.93 6.43
K* 2.57 2.61
Ca* 3.80 3.95
Mg" 3.01 3.25
Anions meg/L

COs - -

HCO:; 2.55 322
Cl 8.20 8.55
SO4 4.71 5.12

Trance metal content (ppm)

Available Zn 0.70 0.76
Available Fe 3.20 3.86
Available Mn 2.00 143
Available Cd 0.01 0.01
Available Ni 0.18 0.44
Available Pb 0.14 0.28

Table 2. Certain chemical properties and trace metals in the
irrigation water utilized (Average of two seasons).

Seasons 2022 2023

Water quality FW DW FwW DW
pH 7.80 8.10 7.70 8.16
Ec 0.71 2.86 0.77 2.74
Cations meg/L

Na+ 344 22.8 3.10 21.2
K+ 0.22 0.32 0.24 0.35
Ca+ 220 3.00 2.40 3.11
Mg+ 1.20 2.80 2.00 2.77
Anions meg/L

CO3

HCO3 3.00 6.80 4.00 6.90
Cl 1.40 2.40 1.70 2.60
SO4 1.06 19.8 2.04 17.62
Trance metal content (ppm)

Zn 0.23 0.67 0.20 0.55
Fe 1.57 4.00 1.48 4.70
Mn 0.07 0.44 0.10 045
Cd 0.030 0.09 0.018 0.130
Ni 0.185 0.91 0.520 1.060
Pb 0.260 0.33 0.220 0.430

Data analysis: The data gathered for each character across
both seasons were analysed using the standard analysis of
variance, following the method described by Gomez and
Gomez (1986), with the IRRISTAT Computer program.
Treatment means were compared using the Revised L.S.D at
a significance level of 5%.

RESULTS AND DISCUSSION

1: Effect of different types of irrigation water on soil
chemical properties

Data in Tables3-5 indicated the effect of using different

types of water on soil chemical properties. Using drainage water
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for irrigation caused significant increase in EC and soluble
cations (Kand Na) in both seasons. The electrical conductivity of
the soil after rice harvesting depends mainly on the chemical
composition of the soil, ground water level, temperature, quality
of water, and fertilizer during the growing season (Khasanov et
al., 2023 and Zayed et al.2024).

Table 3. ECe, Na, and K of experimental soil before
cultivation and after harvesting as affected by
different water quality in 2022 and 2023 season

Ec/(dSm) Na (maq 1) K (maq 17
before  Afier  before  Aftr  before  After

Treatments livation | . livation | . ivation harvesfi

2022
FwW 1.2 1.00 433 507 217 345
DwW 12 356 433 821 217 220
1FW:ID 1.2 1.65 433 531 217 269
2FW:1IDW 1.2 .12 433 528 217 280
IFW:2DW 12 258 433 587 217 390
LSD.5% - 0.32 - 041 - 0.62
2023
FwW 1.8 1.09 530 555 194 341
Dw 1.8 3.95 530 890 1.94 1.94
1IFW:ID 1.8 .77 530 627 194 2091
2FW:1IDW 1.8 1.51 530  6.00 194 2.58
IFW:2DW 1.8 293 530 733 194 221
LSD.5% - 0.42 - 0.62 - 0.43

FW= Freshwater, DW= Drainage water, and = Mixed water

Table 4. Zn, Fe, and Mn of tested soil before cultivation
and after harvest as affected by different water
quality in 2022 and 2023 season

Zn(ppm) Fe(ppm)
Treatments PO  Afier  before Afer  before  Afer
dhodion e qltivatin ] e vt ]

Mn(ppm)

2022
FW 070 023 320 252 200 202
Dw 070 067 320 415 200 510
1IFW:ID 070 037 320 308 200 272
2FwW:1DW 070 032 320 293 200 214
IFW:2DW 070 052 320 328 200 385
LSD0.05 - 0.12 - 0.32 - 0.32
2023
Fw 076 020 3.85 3.61 1.43 1.74
DW 076 0.5 3.85 6.13 143 534
1FW:ID 076 034 385 414 1.43 2.74
2FW:1IDW  0.76 031 385  4.09 143 221
IFW:2DW 076 043 385 447 1.43 3.63
LSD0.05 - 0.11 - 0.51 - 0.23

FW: Freshwater, DW= Drainage water

Table 5. Ni, Cd, and Pb of tested soil before cultivation and
after harvest as affected by different water
quality in 2022 and 2023 seasons

Ni(ppm) Cd(ppm) Pb(ppm)
Treatments After  before  Aftr before  After

oo e culivdtion | e calivatin | :

2022
FW 0.I8 0.9 00l 003 014 020
DW 018 091 001 009 014 053
IFW:ID 0.18 056 001 006 014 036
2FW:IDW  0.18 043 001 005 014 031
IFW2DW  0.18 068 001 007 014 030
LSD0.05 - 021 - 0.02 - 0.11
2023

FW 0440 052 001 002 028 030
DW 0440 106 001 013 028 059
1IFW:ID 0440 078 001 007 028 038
2FW:IDW 0440 069 001 005 028 036
IFW2DW 0440 086 001 009 028 052
LSD. 5% - 0.18 - 0.01 - 0.12

FW= Freshwater, DW= Drainage water

It is widely recognized that inadequate water quality
for irrigation is a major contributor to salinization and heavy

metal pollution, primarily because of the concentration of
salts and heavy metals in the irrigated topsoil combined with
ongoing water evaporation. This rise was nearly proportional
to the water's salt concentration. The rise in EC could be
linked to the elevated evaporation rates during summer, which
results in the buildup of salts in the root zone, especially with
the ongoing use of drainage water (Ramadan, 1990 and
Hwida,2021). The minimum salinity level (Na and K)
concentration was obtained when freshwater was used, with
no significant difference between freshwater, [FW: IDW and
2FW: IDW treatments.

The concentration of sodium in the soil was linked to
the quality of the irrigation water. The availability of
potassium, indicated as either soluble or exchangeable K,
showed a minor rise with escalating salinity levels in both soil
and water. Increasing of soluble potassium under DW may
result from either NH™ replacements for exchanged K or
release of fixed potassium from soil secondary clay minerals.
This explanation was correlated with (Baddesha et a/, 1997,
Zayed, 2002, Mahmoud, 2008 and Mona ef al., 2022). The
amount of tested micro-elements (Zn, Fe, Mn, Ni, Pb and Cd)
as affected by quality Tables (4 and 5), the highest
concentration of micro-elements (Fe, Zn, Mn, Ni, Pb and Cd)
have found when drainage water was applied.

The lowest concentrations were obtained when
freshwater was used in both seasons. The amount of DTPA-
extract Fe, Mn, Zn, Ni, Cd and Pb for the different types of
waters were in the order off DW> 1FW:
2DW>1FW:1DW>2FW: IDW> Freshwater according to the
toxic levels recommended by (Cottenie ef al.,1984). it could
beside that, the concentrations of Fe and Mn, under this study
were within the normal range, while in case of the
concentrations of Zn, Ni, Cd and Pb metals in soil under
DW,IFW: 2DW were relatively high and more than the save
limits in both seasons. High accumulation of Cd only in the
soil paste after rice harvesting had occurred soil under DW
and 1FW. 2DW compared with the concentration before
planting, heavy metal concentrations would be expected to
accumulate in the top layer of the paddy soil after the use of
wastewater in irrigation. This may be attributed to capacity of
soil sorption. Using drainage water in irrigation substantially
increased total heavy metals in the soil than that of canal
water. The salinity of water effects is due to a direct influence
of ionic strength on solubility the competition of Na with Fe,
Mn, Ni, Cd and Pb on the adsorption and sites of soil complex.
Some of these elements had decreased compared to their
values before planting due to their uptake by plant (Zeng et
al 2008, Mera et al., 2016 and Howida,2021). Iron
concentration in the soil under poor water quality was more
available than other elements under study. The high
availability of iron is mainly attributed to the changes in the
oxidation -reduction potential and reduction of ferric iron to
ferrous iron. The same trends were obtained by El- Azab
(1997) and Baddesha et al,. (1997).

2: Effect of different types of irrigation water on some
growth criteria of rice
a: Effect of different types of water

Data of leaf area index, relative growth rate,
chlorophyll content, and flag leaf area for certain rice cultivars
influenced by water quality and their interactions during the
2022 and 2023 seasons are presented in Tables 6 and 7.
Extremely notable impacts on LAI and flag leaf sizes in both
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seasons were observed, with the maximum values achieved
when the rice plants were irrigated with freshwater during the
entire season. Nevertheless, the application of drainage water
demonstrated lower LAI and flag leaf areas when compared

to all other treatments in both seasons. Poor water quality
significantly impacted leaf growth, resulting in a decrease in
the flag leaf area (Crooks and Prentice 2017).

Table 6. Leaf area index, relative growth rate, chlorophyll content, flag leaf area and light penetration of some rice
cultivars as affected by irrigation water quality during 2022 and2023

Treatments Leaf area index RGR (g/g/week) Chlorophyll content (SPAD)  Flag leaf area (cm) Light penetration (Lux)
2022 2023 2022 2023 2022 2023 2022 2023 2022 2023
FW 5.96 6.27 0.26 0.35 40.89 41.1 332 30.6 2277.6 22929
DwW 423 4.08 0.40 0.49 43.55 439 23.1 23.7 3080.1 3294.6
1IFW:ID 4.64 542 0.33 0.40 4141 42.0 27.8 29.0 2815.0 28524
2FW:IDW 584 5.95 0.30 0.37 40.94 41.6 29.1 29.8 2285.5 22933
IFW:22DW 472 472 0.38 0.46 43.10 43.0 24.8 26.1 3019.5 3220.6
L.S.D.5% 0.57 0.62 0.01 0.02 1.28 1.78 2.80 3.90 506.7 4774
Rice cultivars (V)

Giza 183 5.77 5.80 0.34 0.44 41.6 41.2 313 30.8 21553 2167.5
Giza 178 5694 593 0.33 041 423 429 28.2 283 2627.1 2681.0
Sakha 106 3.872  4.10 0.37 047 40.6 413 23.8 24.9 3102.1 3016.5
Sakha 108 5426 532 0.29 0.33 434 439 27.1 274 2709.1 2688.8
L.S.D.5% 0.13 0.24 0.02 0.02 1.18 0.7 1.50 1.60 574.8 471.8
Interacti()n k3 kK k3 kK Kk kK Kk kK NS NS

FW: Freshwater, DW= Drainage water, and = Mixed water

Table 7. Leaf area index, RGR, Chlorophy11 content and flag leaf area as affected by the interaction between water

quality and some rice cultivar

Leaf area index RGR (g/g/week)  Chlorophyll content (SPAD) Flag Leaf area cm?
Factors Treatment 2022 2023 2022 2023 2022 2023 2022 2023
FW 6.83 7.18 029 039 43.08 4043 4230 33.54
DW 480 435 037 049 4213 235 2379 2522
Giza 183 IFW:ID 5.68 568 036 043 4105 4103 3112 32,67
2FW:1DW 638 6.68 029 040 39.85 4090 3239 3347
IFW-2DW 5.15 5.10 037 047 4170 4120 2707 2924
FW 638 6.68 029 035 4063 4163 3202 3034
DW 491 520 038 048 4440 435 2586 2622
Giza 178 IFW:ID 563 585 035 039 4198 4240 2837 2922
2FW:IDW 635 630 030 038 4155 4170 2942 2947
IFW-2DW 520 563 036 046 43.08 4430 25.12 2627
FW 453 485 029 038 3830 3985 27.09 2849
DW 2.50 262 048 058 4228 4355 18.14 19.10
Sakha 106 IFW:ID 420 440 033 044 40.15 4073 2487 26.02
2FW:IDW 453 468 034 042 3923 4040 2649 27.02
IFW-2DW 3.60 395 042 053 4293 4185 2234 23.64
FW 623 6.38 017 029 4153 0238 3132 2004
DW 470 415 037 039 4540 4530 2452 2412
Sakha 108 IFW:ID 5.15 575 029 032 4245 2383 2692 28.14
2FW:IDW 6.10 6.15 026 029 4313 4328 2828 2942
IFW-2DW 495 418 036 036 44.68 4455 2459 2513
LSD. 5% - 042 032 002 003 1.9 201 443 425

FW= Freshwater, DW= Drainage water, and = Mixed water

The greatest values of chlorophyll content and light
penetration in both seasons were obtained with drainage
water. The rise in RGR and chlorophyll content under poor
water quality stress could be attributed to heightened
physiological processes in rice plants (Bhat et al., 2019).
Increased chlorophyll levels in drainage water may be
attributed to a deficiency of leaf area, similar findings were
noted by (Gaballah et al., 2016). The rise of light penetration
(Lux) under drainage water might be attributed to the decrease
in plant height, number of tillers/m?. These results concerning
the impact of water quality on growth characteristics were
reported by (Zeng-LingHe et al., 2000, Abdel- Fattah, 2013,
Abdel-Hafez et al., 2017).

b: Performance of rice varieties:

Notable varietal variations were reported concerning

leaf area index (Table 6). Giza 183 exhibited the greatest
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values for leaf area index and flag leaf area, showing no
significant difference compared to Giza 178 on the other
hand, Sakha 106 displayed the lowest values for LAl and flag
leaf area in both seasons, respectively. The low LAI and flag
leaf area of Sakha 106 could be attributed mainly to the
significant effect of bad water quality on plant growth and leaf
area because the fact that the variety has a low leave area
compared with other cultivars (Howia.,2021). RGR increased
in Gizal83 without significant differences with sakhal06 in
both seasons concerning chlorophyll content it was greatly
varied among the four rice cultivars (Giza 183 and 178, Sakha
106 and 108) in both seasons. Data revealed that Sakha 108
exhibited the highest chlorophyll content, with Giza 178
following closely behind. Conversely, Sakha 106 rice variety
showed the least amounts of chlorophyll content. The data
clearly indicate a negative correlation between chlorophyll
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levels and leaf size. A comparable trend was observed by Abd
El-Wahab (1998), Abou Khalifa (2001), Zayed (2002), and
Abdel-Fattah, (2013). Notable variations were observed
among the rice cultivars concerning light penetration (Lux)
across the two seasons. The minimum light penetration values
were observed in Giza 183, followed by Giza 178, whereas
Sakha 106 exhibited the highest light penetration values (Lux)
during both seasons.

c: The interaction effects:

Interaction between water quality and rice varieties
significantly affected leaf area index, relative growth rate,
chlorophyll content, and flag leaf area (Table 7). The greatest
LAI values were generated by Giza 178 under irrigation
treatment 2FW: 1DW without significant difference
withIFW: 1DW. The lowest LAI values were generated by
Sakha 106 under poor water quality. These findings might be
due to Sakha 106 lesser performance under drainage water
stress compared to the other varieties examined. Giza 183
secured the second position behind Giza 178, likely due to its
capacity to counteract the negative impacts of poor water
quality. Concermning RGR, the greatest values under
unfavorable water conditions were recorded by Sakha 106.
The lowest RGR values were recorded by Sakha 108 under
poor water quality, without statically differences with Giza
178 in both seasons. Data indicated that poor-quality water
affects other cultivars more than Giza 183 and Giza 178,
which may be encouraging since both cultivars show greater
tolerance to salinity and other adverse effects compared to
other varieties. The interaction of water quality and rice
cultivars had notable effects on chlorophyll content across
both seasons in (Table 7). Sakha 108 exhibited the highest
chlorophyll content when exposed to poor water quality,
followed by Giza 178. The lowest chlorophyll content was
found in Giza 183 when it was irrigated with drainage water.
This could be due to the poor quality of water characterized
by elevated salt concentrations and a high SAR value, which
impacts leaf area and has an adverse correlation with
chlorophyll content.

These results agree with Gaballah et al. (2016).
Regarding the relationship between water quality and rice
cultivars on the flag leaf area, the greatest flag leaf area values
were observed in Gizal78 when exposed to poor water
quality. Conversely, Sakha 106 exhibited the smallest flag leaf
area when exposed to low water quality. The results gathered
indicated that Gizal83 and Giza 178 exhibited greater
stability in poor quality water compared to the other cultivars
examined.

3: Heading date, yield attributes and yield
a Effect of different types of water

Heading date, plant height(cm), and number of
panicles/m? of some rice cultivars as affected by irrigation
water quality as well as their interaction are presented in
Tables (8-10). Number of days to heading was significantly
affected by water quality, freshwater significantly increased
days from sowing to heading followed by 2FW: 1DW, while
DW decreased the heading date in both seasons. This is due
to the fact that salt in drainage water depresses growth more
strongly than freshwater. Plant height (cm) was affected by
types of water in 2023 season only, poor water quality stress
sharply decreased plant height (cm), and no significant
difference was obtained between freshwater treatment,
1IFW:1DW and 2 FW:1DW treatments.

The findings and the current discussion undoubtedly
validate that drainage water has a greater impact on rice in

25

terms of growth characteristics. Water quality had a clearly
significant impact on the number of panicles per square meter
during the 2022 and 2023 seasons. The greatest number of
panicles was recorded when rice plants were irrigated with
freshwater throughout the entire growing season, followed by
a ratio of 2FW: 1DW. The smallest values were noted from
drainage water treatment, with IFW: 2DW following closely.

Data suggested that there was no notable difference
between freshwater treatment and 2FW:1DW during both
seasons. It seems that poor water quality affected plant growth
and number of panicles as a first step for reducing yield.
greatly raised the amount of unfilled grain as it was
increasingly exposed to subpar water quality. The greatest
percentages of unfilled grains were recorded in rice plants that
were irrigated with drainage water during the entire growing
season. In the meantime, freshwater resulted in the lowest
amounts of unfilled grains, closely followed by the
2FW:1DW treatment during both seasons. This indicated the
vulnerability of the pollination phase to stress caused by poor-
quality water.

Table 8. Heading date, plant height(cm), number of
panicles m™ of some rice cultivars as affected by
various irrigation water quality during 2022 and
2023 seasons.

Heading date  Plant height Number of
Treatments /day (cm) Panicles/m?

2022 2023 2022 2023 2022 2023
Water quality (1)
FW 98.75 100.75 10295 10224 435 464
DW 9531 9641 9891 93.62 368 424
1IFW:ID 9796 100.19 10230 10129 406 451
2FW:1DW 98.28 100.56 101.82 99.88 429 451
1FW:2DW 9581 97.75 9946 98.79 376 438
L.S.D.5% .15 1.16 - 275 356 3734
Rice cultivars (V)
Giza 183 9542 9694 9509 9517 413 455
Giza 178 9721 100.02 99.63 9693 416 480
Sakha 106 9133 9192 11449 11083 373 381
Sakha 108 104.75 107.10 9472 9381 389 447
L.S.D.5% .00 129 165 216 152 1577
Interaction Ns Ns Ns Ns Ns Ns

FW=Freshwater, DW= Drainage water, and = Mixed water

Table 9. Unfilled grain %, panicle weight and 1000-grain
weight of some rice cultivars as affected by
irrigation water quality during2022 and 2023

seasons
Unfilled Panicle 1000- grain

Treatments grain% weight (g) weight (g)

2022 2023 2022 2023 2022 2023
Water quality (1)
FW 6.05 6.03 351 349 2464 2459
DW 8.64 862 284 281 2202 21.96
IFW:ID 7.03 701 349 347 2457 2432
2FW:1DW 574 572 3.63 361 2439 2410
IFW:2DW 8.14 810 295 292 2245 2255
L.S.D.5% 043 076 020 030 071 0.63
Rice cultivars (V)
Giza 183 744 740 341 338 2445 2422
Giza 178 672 670 346 344 20.12 2001
Sakha 106 557 554 257 255 2486 2481
Sakha 108 875 873 3.69 366 2502 2497
L.S.D.5% 0.66 139 0.19 023 1.18 1.02
Interaction * * * * * *

FW= Freshwater, DW= Drainage water,
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Table 10. Panicle weight, unfilled grain and 1000-grain weight as affected by the interaction between water quality and

some rice cultivar

. . Panicle weight (g) Unfilled grain (%) 1000-grain weight (g)
Cultivars Water quality 2022 2023 2022 2023 2022 2023
FW 3.09 3.07 6.12 6.10 2551 2545
DW 291 288 8.17 8.15 271 22,65
Giza 183 IFW:ID 302 3.89 7.00 697 2501 2450
JFW:1DW 401 3.99 724 723 2501 24.00
IFW-2DW 311 3.07 8.67 8.56 2401 2450
FW 381 378 ) 5.90 2051 2050
DW 3.19 3.16 7.54 7.52 19.14 19.10
Giza 178 IFW:ID 344 344 687 6.85 2141 21.00
JFW:1DW 361 361 5.00 497 2026 2022
IFW-2DW 326 322 827 825 1926 1923
FW 301 301 487 485 26776 26,70
DW 215 212 725 723 213 22,07
Sakha 106 IFW:ID 2.64 261 644 642 2646 2641
2FW:1DW 286 283 457 455 2651 2645
IFW-2DW 221 2.19 470 467 2044 22,40
W 414 411 729 727 2576 2570
DW 311 3.07 1159 11.57 24.08 24.00
Sakha 108 IFW:ID 3.96 393 781 779 2539 2535
2FW:1DW 403 400 6.14 6.12 2576 2574
IFW-2DW 322 320 10.92 10.90 24.10 24.07
LS.D.5% 0.57 0.56 245 242 2.09 2.06

Data gathered on panicle weight indicates that poor
water quality significantly reduced the panicle weight. The
largest panicles were generated when rice plants were
irrigated with freshwater, followed by the 2 FW: DW
treatment. The lightest panicles were observed when rice
plants received irrigation from drainage water in both seasons,
respectively. The highest 1000-grain weight was observed
when rice plants were supplied with freshwater. Decreasing
1000-grain weight under drainage water treatment could be
attributed to elevated osmotic potential, reduced supply of
assimilates to the sink, and heightened competition among
spikelets, leading to lighter grains and partially filled grains.
Various researchers, including several workers, have reported
the negative impact of poor quality of irrigation water on yield
attribute characters such as: Cabrera et al. (1988), Wang and
Yan (1990), Sarkunan et al. (1991), Maria (1992), El Sayed
(1998) Xu et al. (2001) and Abdel —Fattah, (2013).

b: Performance of rice varieties:

Days to heading were greatly varied among the four
rice cultivars (Giza 183 and 178, and Sakha 106 and 108) and
their performance during alternative seasons. It was clear that
Sakha 106 was the earliest variety followed by Gizal83.
Meanwhile, Sakha 108 rice variety was the latest in heading
followed by Giza 178. Notable variations were observed
among the rice cultivars examined in terms of plant height
(cm) across two seasons. Sakha 106 yielded the highest
plants, whereas Sakha 108 yielded the lowest plants. Notable
variations were found among the rice cultivars examined in
terms of the number of panicles per m? across both seasons
(Table 8). Giza 178 variety recorded the greatest number of
panicles per square meter. followed by Gizal83, Sakhal80
occupied the third rank, while Sakha 106 gave the lowest
number of panicles. Achieving maximum grain yield could be
possible with increasing tillers, panicles with high spikelet’s
fertility. Sakha 106 recorded the lowest amounts of unfilled
grain in both seasons, with Giza 178 following in both
seasons. Sakha 108 variety produced the greatest percentages
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of unfilled grains. Giza 178 exhibited the heaviest panicles in
the first and second study seasons, while Sakha 106 showed
the lightest panicle. Likewise, the differences between
varieties could be attributed to genetic composition. It is worth
noting that stress significantly reduced the panicle weight of
Sakha 106 due to its vulnerability in unfavorable conditions.
Sakha 108 had the highest 1000-grain weight, while Giza 178
showed the lowest 1000-grain weight in both seasons.
Typically, the differences in varieties could be attributed
mainly to genetic composition and partly to environmental
factors, with poor quality water being one of those. A
comparable direction was discovered by Gorgy ,1998 and
Gaballah et al.,2016).

c: The interaction effects:

The interaction between the two factors significantly
influenced panicle weight, unfilled grain, and 1000-grain
weight (Table 10). The earliest genotype was Sakha 106 under
poor water conditions. Giza 183 secured the second position
behind Sakha 106 during both seasons. Conversely, Sakha
108 was the most recent one to experience poor water quality.
Sakha 108 generated the greatest amounts of unfilled grain
despite poor water quality. Conversely, Sakha 106 produced
the least unfilled grain when exposed to poor water quality.
Giza 178 yielded the heaviest panicle when irrigated with
drainage water. The same pattern was observed with 1FW:
2DW and Sakha 106 yielded the lightest panicle under
equivalent water conditions. Sakhal 08 produced the heaviest
1000-grain weight under poor quality water. The same results
were obtained under IFW: 2DW in both seasons. Giza 178
gave the lightest 1000-grain weight under the other water
qualities used. from previous results Gizal78 was the best
under poor quality of irrigation water followed by Gizal83
then Sakhal08, meanwhile, Sakhal06 came in the last order.
4: Yields and harvest index
a: Effect of different types of water

Information in Tables 11 and 12 indicated that water
quality significantly influenced grain yield in both seasons.
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The greatest grain yield was achieved when plants received
freshwater, succeeded by the 2FW: 1 DW treatment. The
lowest values were recorded when plants were given only
drainage water throughout all seasons. Additionally, there
were notable differences in grain yield across water qualities,
except between the freshwater and 2 FW: 1 DW treatments in
both seasons. The decrease in yield caused by utilizing
various water qualities in each season to correspondingly (1
FW: IDW, 2FW.1DW, IFW:2DW, and DW) were (0.89-3.6),
(5-8.9), (13.5-16.7), and (16.8-23.2%) relative to freshwater.
It was noted that the decrease with using IFW: 2DW, and DW
was greater than that of IFW, IFW: 1DW, and 2FW: 1DW
treatments. This could be attributed to poor-quality irrigation
water that had various salt forms and elevated sodium levels,
which hinder growth and disrupt the translocation of
assimilates to the sink. Furthermore, the drainage water had
elevated levels of heavy metals, oils, and various other
chemicals, which impact growth development. The grain
yield increased by using 2 FW: 1DW treatments due to the
improvement in growth characteristics especially the number

of panicles at maturity as well as, in most yield attributes such
as the filled grain percentage,1000-grain weight and panicle
grain weight. The study indicated that 2FW:1DW treatments
It was noted that the decrease with using 1 FW: 2 DW and
DW was greater than that of [FW, IFW: 1 DW, and 2 FW: 1
DW treatments. This could be attributed to poor-quality
irrigation water that had various salt forms and elevated
sodium levels, which hinder growth and impedes the
translocation of assimilates to the sink. Moreover, the
drainage water had elevated levels of heavy metals, oils, and
various other chemicals, which impact growth development.
The highest values of harvest index in both seasons
respectively were obtained when freshwater was used
throughout the season. Nonetheless, the application of
drainage water treatment demonstrated lower effectiveness in
harvest index compared to all other treatments, yielding the
least value of harvest index. These data align well with those
documented by Wang and Yan (1990), Sarkunan et al.,
(1991), Maria,(1992), El Sayed, (1998) and Hossain et al.,
(2020).

Table 11. yields and harvest index of some rice cultivars as affected by irrigation water quality

Treatments Grain yield t ha” Straw yield t ha™! Harvest index
2022 Reduction % 2023 Reduction % 2022 2023 2022 2023
Water quality (1)
FW 9.74 - 10.72 - 12.50 12.58 0.44 045
DW 8.06 16.8 8.40 232 10.77 11.08 042 0.44
IFW:ID 9.24 5.00 9.83 8.90 12.21 12.88 043 0.44
2FW:1DW 9.66 0.89 10.37 3.53 12.39 12.73 0.44 045
IFW:2DW 8.39 13.57 9.05 16.7 11.61 11.71 043 0.44
L.S.D.5% 0.44 0.60 - - 1.21 - -
Rice cultivars (V)
Giza 183 9.53 10.34 11.77 11.78 0.44 045
Giza 178 9.70 10.57 11.82 11.73 0.44 045
Sakha 106 7.77 7.83 10.91 10.36 041 042
Sakha 108 9.07 9.94 12.09 12.79 043 0.44
L.S.D.5% 0.32 0.52 0.86 0.02 0.01
Interaction ** *K Ns Ns * *

FW=Freshwater, DW =Drainage water
Table 12. Grain yield and Harvest index as affected by the
interaction between water quality and rice

cultivars
. Water Grain yield (t/ha)  Harvest index

Cultivars quality ~ 2022 2023 2022 2023
FW 10.0 11.2 047 048

DW 8.83 9.47 0.39 042

Giza 183 1FW:ID 9.60 10.5 045 0.46
2FW:1DW 10.2 10.8 0.46 0.46

1FW:2DW 8.90 9.58 043 045

FwW 10.2 11.2 045 0.46

DW 8.97 9.87 0.44 045

Giza 178 1FW:ID 9.86 10.7 0.44 045
2FW:1DW 10.0 109 045 0.46

1FW:2DW 9.38 10.1 0.44 045

FwW 8.56 8.83 0.39 042

DW 6.93 6.55 042 0.44

Sakha 106 1FW:ID 7.81 7.55 0.40 041
2FW:1DW 8.27 880 042 043

1FW:2DW 7.28 743 041 0.42

FwW 10.1 11.5 0.44 045

DW 7.50 7.70 042 043

Sakha 108 1FW:ID 9.70 10.5 043 0.44
2FW:1DW 10.0 10.9 043 0.44

1FW:2DW 7.98 9.08 042 0.44

L.S.D.5% 1.13 1.34 0.04 0.02
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b: Performance of rice varieties

The data on grain yield in Table 11 indicated that
notable differences existed among the rice cultivars examined
during both seasons. Giza 178 produced the top grain yield in
both seasons, showing no significant differences from Giza
183. Sakha 106 produced the lowest grain yield in both seasons.
Varietal differences in grain yield tha could be mainly
attributed to the genetic background and the differences in their
response to bad quality of water. The submergence with poor
quality of water (saline water) reduced the filled spikelets
percentage, and decreased the number of panicles and 1000
grain weight. Yield reduction in rice may be revealed to some
bad water characteristics such as increased SAR and osmotic
pressure. The adverse effect of drainage water is mainly due to
higher SAR and salts which effect on plant quality and disturb
the physiological process and physiological availability of
water to plant, and accumulation of toxic ions (Na, Cd, Ni and
Pb) in the plant. The straw yield data indicated that there were
notable differences among rice cultivars examined in the
second season. Sakhal08 rice variety yielded the most straw,
followed by Giza 178, whereas Sakha 106 rice variety
produced the least straw yield in both seasons. Additionally, the
findings indicated that there was no notable difference between
the 178 and Giza 183 varieties across both seasons. The poor
straw yields of Sakha 106 result from its inferiority in these
conditions. Giza 183 showed the highest harvest index values,
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whereas Sakha 106 produced the lowest harvest index values.
There was no notable difference between Sakha 108 and Giza
178 during either season. These results were consistent with
those documented by Wang and Yan (1990), Sarkunan ef al,
(1991), Maria, (1992), Howida, (2021) and Mona,(2022).
c: The interaction effect

The interaction between water qualities and rice
varieties had a notably significant impact on grain yield in
both growing seasons (Table 12). Giza 178 achieved the top
grain yield in both seasons with poor quality water, and a
similar pattern was observed under 1FW; 2DW during both
seasons. Sakha 106 generated the smallest grain yield
compared to the other water qualities. Concerning the
interaction between water qualities and rice cultivars on
harvest index, Giza 178 yielded the highest harvest index
despite poor water quality. Gizal83 and Giza 178 exhibited
more consistent performance under poor quality water
compared to the other rice cultivars tested.
6.Mineral composition and heavy metal of rice plants in
relation to water quality
a: Effect of different types of water

The information in Tables 13 and 14 indicated that
water qualities significantly influenced K, Na, Zn, Fe, Mn, Ni,
Cd, and Pb in rice grains during both the first and second
seasons. The least amounts of potassium in grain were
recorded with the use of drainage water, then with 1FW:
2DW, whereas the greatest levels of K were observed with the
application of freshwater. Data also, indicated that there was
no significant difference between freshwater and 2FW: 1IDW.
Potassium, an essential monovalent nutrient for plants, has
important functions in membrane transport processes as well
as in maintaining ionic and osmotic balance in cells,
especially in saline environments. Raising the osmotic pressure
and salinity of water results in noticeable decreases in K
concentration (Atwa, 1999 Howida, 2021and Zayed et al.,2024).

The greatest sodium percentage in rice grain was
achieved through the use of drainage water treatment and IFW:
2DW, whereas the lowest sodium % in grain resulted from
using freshwater during the entire growing season.
Additionally, data indicated that there was no significant
difference between freshwater and 2FW. 1DW regarding Na
content treatments during both seasons. The outcomes noted
above are linked to the opposing interactions between K™ and
Na"in either the soil solution or in the plant tissues. The levels
of K and Na in rice grains varied significantly based on the
composition and type of water used (Zayed 2002, Mera et al.,
2016). The earlier findings showed that the rise in drainage
water (poor quality water) elevates the Na concentration in rice
grains and enhances the salinization of the soil solution.

Table 13. K%, Na% Zn and Fe content in rice grains as
affected by irrigation water quality during

2022 and 2023seasons
K% Na%  Znppm Fe ppm

Treatments ~555> 2023 2022 203 2022 2023 2083
Water quality

FW 047 047 010 011 K455 9%.73 885 835
DW 044 044 011 012 9268 9485 H.1 871
1FW:1ID 037 038 011 012 7605 7888 1115 1094
2FW:1DW 032 032 012 016 6951 7547 1240 1245
1FW:2DW 028 027 013 016 6893 7256 1318 1288

LSD.5% 003 004 001 001 173 193 796 548
Rice cultivars

Giza 183 038 038 012 013 8020 8492 10539 103.17
Giza 178 041 041 011 013 8519 8606 11300 11194
Sakha 106 034 035 012 014 7457 7548 11061  103.17
Sakha 108 045 044 0.1 0.3 8557 9031 109%4 10839
LSDS5% 004 006 - - 257 2% -

Interacion  Ns Ns Ns Ns Ns Ns Ns Ns
FW= Freshwater, DW =Drainage water

Table 14. Mn, Ni, Cd and Pb content of rice grains as
affected by irrigation water quality and rice

cultivars during 2022 and 2023seasons
Mnppm Nippm Cdppm

Pb ppm

Treatments 56555023 2022 2023 2022 2023 2022 2023
Water quality (1)
FW 975 632 097 105 013 017 060 045
DW 952511550 161 169 037 052 098 1.18
IFW:ID 6933 6817 113 125 017 022 067 051
2FW:1DW 6433 6425 109 117 016 021 064 049
IFW:2DW 886710125 155 163 029 043 092 109
LS.D.5% 412 632 027 004 002 002 - 002
Rice cultivars (V)
Giza 183 7456 7100 139 147 026 036 074 081
Giza 178 7661 8244 118 126 019 029 071 074
Sakha 106 7499 7317 162 170 025 035 082 086
Sakha 108 8178 101.06 095 106 0.8 028 070 073
LS.D.5% 211 326 011 006 003 003 -

Interaction(IxXV) Ns Ns Ns Ns Ns Ns Ns Ns

FW= Freshwater, DW =Drainage water

Utilizing freshwater throughout the entire growing
season leads to Na* leaching from the root zone, resulting in
decreased Na' levels in both straw and grain. Nacem et al.,
(2012) indicated that the use of low-quality water raises
sodium percentages in grains. The rise in Na* concentration
in drainage water is due to elevated Na* levels in the soil
solution when using drainage water treatment, which is
regarded as a significant factor influencing Na content within
the plant (Nacem et al., 2012 Zayed et al.,2024).

Data in Table (13) showed that there is a significant
different between water quality on Zn and Mn concentration
(ppm) in rice grain in both seasons. The highest concentration
of Zn and Fe in grain were obtained when plants irrigated with
freshwater overall the seasons. The lowest concentration of
Zn and Fe in grain were found when plants were received
drainage water overall seasons. Zn and Fe (ppm)
concentration in grains followed this order FW > 2FW: IDW
> [FW: IDW> IFW: 2DW>DW respectively. Data showed
that the concentration of Zn and Fe differed according to the
type and composition of applied water it's may attributed to
that zinc under the high level of pH, was unavailable for rice
roots. Also, inhibition of Zn absorption due to the competition
by cations added with drainage water. Also, because the
previous crop is clover (Legume), so the soil phosphorus
enhances zinc adsorption by hydrous oxides of iron and
aluminum. The prior findings suggested that with drainage
water (bad water quality) processes increase soluble Fe in the
soil solution and are absorbed by rice roots. El- Azab et al
(1997), Atwa, (1999) and Naeem et al. (2012) stated that poor
quality of irrigation water increased Zn and Fe (ppm) in the
whole plant. With respect to Mn, Ni, Cd and Pb, the highest
concentration of them in grain was associated with applied
drainage water through the seasons, while the lowest
concentration in grains was found where plants were irrigated
with freshwater through the growth season. These results
indicated that the concentration of Mn, Ni, Cd and Pb differed
according to the type and composition of applied water, and
followed this order DW > 1FW:2DW >>IFW: IDW> 2FW:
IDW>FW respectively. The concentrations of Ni in rice plant
growing in non-contaminated soil are generally in the range
0.1-5 ppm, the previous results indicated that drainage water
increased soluble Cd in the soil solution and was absorbed by
rice root. Applying freshwater, which contains less soluble
heavy metals, reduced Cd concentration in the soil solution
and decreased the Cd concentration in rice grains. While Cd
toxicity can affect plants in various contaminated soils, its
presence in food crops at non-phytotoxic levels raises more
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alarm because of the potential for higher dietary exposure in
consumers. Even mildly increased Cd levels in foods can
notably impact health over the long term. Fairly significant
levels of Cd can build up in edible parts without the plant
exhibiting signs of distress. Ultimately, the quantity of Cd
absorbed by plants is influenced by a mix of soil and plant
elements. These patterns were akin to those documented by
(El-Sayed, 1998, Carlton-Smith, 1999, Glance, 2001, Zeng et
al.,2008 and Florance et al., 2021).
b: performance of different rice varieties:

The greatest Na content in grain was observed in Sakha
106, succeeded by Giza 183, whereas the least Na % in grain was
found in Giza 178. The findings further indicated that Sakha 108
exhibited an intermediate position. This may clarify why Giza
178 is more resilient to poor conditions compared to Sakha 106,
which is more responsive to unfavorable conditions. The greatest
levels of Zn in grain were achieved by Sakha 108, with Giza 178
coming next. However, the lowest values of Zn (ppm) were
obtained by Sakha 106.The highest concentrations of Mn in grain
were obtained by Sakha 108 followed by Giza 178, while the
lowest values of Mn (ppm) were obtained by Sakha 106. Ni in
grain was with high concentration was found in Sakha 106
followed by Giza 183. The lowest values of Ni(ppm) were found
in Gizal78. The highest concentrations of Cd (ppm) were
observed in Giza 183. Sakha 106 had the lowest Cd levels in the
grain. Thus, it seems that the accumulation of Cd in plant tissue
and grain strongly differs according to the concentration of the
metal and rice cultivars itself in addition to soil parameters. No
significant difference had been observed among tested rice
varieties with respect to Pb content in rice grains the result is in
harmony with those reported by Shehata (1995), Howida, (2021)
and Mona et al., (2022).

CONCLUSION

In conclusion, due to limited water resources and
inadequate water for rice cultivation, the 2FW: 1DW treatment is
both economical and suitable for irrigating rice. Additionally,
Giza 183 and Giza 178 rice varieties exhibit greater stability
under drainage water compared to other cultivars, along with
their ability to decrease heavy metals in grains.
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