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ABSTRACT

Field experiments were conducted during the 2019 and 2020 seasons at The Experimental Farm of
Sakha Research Station, Kafr El-Sheikh, Egypt, to study the impact of different irrigation regimes,
potassium silicate on growth, grain yield, and water productivity of some rice genotypes. The experiments
were laid out in a strip-split plot design, with three replications. The vertical plots contained four irrigation
regimes, i.e., irrigation every 4-day (11), alternate 4-day on and 4- (12),6- (13), and 8- (14) days off. However,
the horizontal plots consisted of four potassium silicate rates, namely, 0, 1, 2, and 3 % potassium silicate.
Meanwhile, the sub-sub plots consisted of three rice genotypes (Sakha 108, Giza 178, and Egy-Kor 27).
The main results revealed the growth characteristics, grain yield, and its components were significantly
decreased with increasing period from I1 up to 14. The potassium silicate at 3% followed by 2 % registered
high values of the study traits. Giza 178 had the highest values of the study traits except for panicle length,
panicle weight, and 1000-grain weight which recorded the highest value with Sakha 108. Irrigation every
4-day consumed the highest amount of irrigation water while the lowest amount was received by 14. The
treatment I3 irrigation recorded the highest water productivity as compared to other treatments. Generally,
under the same conditions, it is possible to cultivate Giza 178 rice cultivar and alternate irrigation as 4-day
on + 4-day off with spray 2 % of potassium silicate for highest grain yield and acceptable water productivity.
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INTRODUCTION

Rice (Oryza sativa L.) is a major staple food for
much of the world’s population. World food security
remains largely dependent on irrigated lowland rice, which
is the main source of rice supply (Khan et al., 2006).
Freshwater for irrigation is becoming scarce because of
population growth and increasing urban and industrial
development. Nowadays, rice production was compromised
as many areas of the world are affected by water scarcity in
the agriculture sector, which affects food security. The
competition with other water usages will limit the water
available for irrigated agriculture (Mancosu et al., 2015)

Rice as a semi-aquatic plant consumes plenty of
water. Thus, it is necessary to adopt agricultural policies that
use less water than the main pathway for enhancing the
water use efficiency in irrigation by concentrating on
engineering and agronomic management. These approaches
for using less water as suggested by (Abuzeed et al.,
2018) include irrigation intervals, alternate wetting and
drying, systems such as sprinkler and drip irrigation
systems, covering soil surface and agronomic practices as
tillage, drought-tolerant varieties, and spraying anti-stress
and anti-transpirant (Abu EI-Azm and Youssef, 2015). The
alternate wet/dry irrigation (AWDI) method of cultivating
rice implies that rice fields are not kept continuously
submerged but are intermittently dried during the rice-
growing stage (Kumar and Rajitha, 2019)

All plants contain silicate (Si) at different
concentrations according to species, ranging from 0.1 to

* Corresponding author.
E-mail address: hasnaa.rrtc@gmail.com
DOI: 10.21608/jpp.2021.100753.1068

10% in dry weight (EI-Sheery, 2017). Most Si compounds
in the soil consist of silicon dioxide, silicate minerals, and
aluminum silicates, none of which are available for plant
uptake. Some researchers believe that plant roots generally
take up silicon in the form of soluble silicic acid Si (OH) 4.
Also, SiO2 can be absorbed directly by plants (Mitani and
Ma., 2005). After uptake in the xylem is deposited in any
part of the plant, within or between cells or as part of the cell
wall in the case of the leaf epidermis (Laane, 2018).
Importantly, silicon exerts many beneficial effects
on plants (Deshmukh et al., 2017): (a) structural strength;
(b) an active role in many physiological processes e.g., a
regulatory role in the uptake of other plant nutrients; (c) a
role in growth and development, especially when plants are
exposed to abiotic stresses (drought, salinity, acidity, etc.)
and biotic stresses because Si increases plant resistance by
stimulating defense reaction mechanisms decreasing
damage from insects and diseases (Siddiqui et al.,2018).
The rationale for the use of foliar sprays with silicon
compounds is the assumption that foliar Si feeding could
compensate for low uptake by the roots in the case of low
availability of absorbable silicon in the soil, and the
relatively complicated absorption process of Si by the roots,
resulting in enhanced silicon uptake with beneficial effects.
Also, silicon influences water relations and improves
photosynthesis and improve water status in leaf under
drought stress (Coskun et al., 2016). The role of potassium
silicate in improving growth characteristics have been
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observed and produces more grain yield especially rice
crop (Ahmad et al., 2013).

Therefore, the study aimed to explore the effect of
different irrigation regimes and various rates of potassium
silicate on grain yield characteristics associated with
optimum grain yield and water-saving irrigation of some
rice genotypes.

MATERIALS AND METHODS

The experiment was conducted at The Experimental
Farm of Sakha Research Station, Agricultural Research
Center, Kafr EI-Sheikh, Egypt during the 2019 and 2020
seasons. The current study examined the effect of different
irrigation  regimes, potassium silicate at different
concentrations on some rice genotypes. The average
meteorological data (from May to September) of the
experimental sites were 33.0 and 31.9 °C for maximum
temperature, 16.5 and 23.8 °C for minimum temperature.
82.4 and 81.2 % for relative humidity, 6.5 and 6.3 mm/day
for pan evaporation in the 2019 and 2020 seasons,
respectively. All experiments were preceded by a barley
crop (Hordeum vulgare.). The results of mechanical and
chemical soil properties are presented in Table 1.

Table 1. Mechanical and chemical analysis of the
experiments soil in both seasons.

Soil analysis 2019 2020
Soil texture (%) clayey clayey
pH 8.05 8.20
EC (dSm') 2.00 2.05
Organic matter % 1.65 1.70
Available NHs  mg kg* 14.50 15.60
Available NOz  mg kg* 12.00 13.80
Auvailable P mg kg 13.00 14.00
Available K mg kg 280 270
Available Zn mg kg? 115 1.16

Experimental design and land preparation
The experiment was laid out in a strip-split plot

design, with three replications. The vertical plots were

devoted to four irrigation regimes i.e.

11- Irrigation every 4-day.

12- Alternate 4-day on + 4-day off,

13- Alternate 4-day on + 6-day off, and

14- Alternate 4-day on + 8-day off, with 5-7 cm water head
at the time of water addition. However, the horizontal
plots were occupied by four spray rates of potassium
silicate (O without potassium silicate, 1, 2, and 3% of
potassium silicate). The potassium silicate was applied
after 20 and 40 days from transplanting. However, the
sub-sub plots consisted of three rice genotypes (Sakha
108, Giza 178, and Egy-Kor 27).

Table 2. Origin, type, and duration of the studied rice

genotypes.
. Duration
Genotype Original Type (days)
Sakha 108 Egypt Japonica 135
Giza 178 Egypt Indica/japonica 135
Egy-Kor 27 Korea Indica/japonica 138

The experimental sites and the nursery were well
ploughed and leveled. The experiments were sown on the
7% of May in the two seasons of study. Seeds of rice
cultivars, at the rate of 120 kg/ha each, were soaked in

sufficient water for 24 hours and incubated for another 48
hours to enhance their germination.

Nitrogen, phosphorus, and zinc were added to
nursery as recommended. Seedlings were carefully pulled
from the nursery after 30 days from sowing and distributed
through the plots. The sub-sub-plot size was 25 m? (5x 5 m).

Seedlings were manually transplanted in 20 x 20 cm
spacing between hills and rows, at the rate of 4-5
seedlings/hill. The other usual agricultural practices of
growing rice were performed as the recommendation of the
Rice Research and Training Center.

Toavoid lateral irrigation water movement and more
water control, each main plot was separated by two-meter-
wide ditches. A water pump, provided with a calibrated
water meter was used for all water measurements. Water
productivity (WP) was calculated as the weight of grains per
unit of water used (kg grains/m® water).

At the booting stage, plants of three hills were
randomly taken from each sub-sub-plot to estimate dry
matter production and leaf area. Leaf area index of plant
samples was measured by Portable Area Meter (Model LI-
3000A), then leaf area index (LAI) was estimated.

At harvest, plant height was estimated and the total
numbers of panicles of ten random hills were counted. Ten
random panicles were collected from each plot to estimate
panicle length, number of filled grains/panicle, number of
unfilled grains/panicle, panicle weight, and 1000-grain
weight. Grain and straw yields were randomly measured
from an area of 6 m2 (2 x 3 m) and grain yield was adjusted
to 14 % moisture content, and then the yield of the 6 m2 was
computed and transferred to tons per hectare.

For milling quality, 150 grams of grains were taken
from each treatment to determine some of the grain milling
recovery (hulling, milling, and head rice percentage)
according to the methods described by Juliano (1971).

Determination of silica (mg/g): The protocol for the
measurement of silica content was conducted according to
the method described by Dai et al ., (2005).

Statistical Analysis

Data collected were statistically analyzed using the
analysis of variance technique according to Gomez and
Gomez (1984). Duncan’s Multiple Range Test was used to
compare the treatment means (Duncan 1955). All statistical
analyses were accomplished using analysis of variance
technique using “COSTAT” statistical software package.

RESULTS AND DISCUSSION

A-Growth characteristics:

The result in Table 3 shows that leaf area index
(LAI), dry matter (DM) at the booting stage as well as plant
height at harvest were significantly influenced by irrigation
regimes in both seasons. The data showed that the highest
values were recorded at I1 without any significant
differences with those produced by 12 treatment in both
seasons. However, the lowest values were observed at 14.
The reduction in LAI and DM and plant height. might be
attributed to the reduction in the number of the tiller, total
leaf area, death of the lower leaves, and plant growth, in
general, affected by lack of water. However, the increased
plant height might be attributed to the significant effect of
water in encouraging cell division and elongation. Also, it
might be due to favorable root growth and higher mobility
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of nitrogen in soil solution and its absorption by plant roots,
resulting in higher vegetative growth and total dry matter
increased with increasing water supply. These results are in
agree with those obtained by Hameed et al. (2019), Hossain
etal. (2020) and Kobua et al. (2021).

Potassium silicate recorded the highest values of
LAI, DM, and plant height at a potassium silicate rate of 3%,
without any significant difference between potassium
silicate rates of 2% in both seasons (Table 3). The increase

insilica levels led to the plants being more erect and reduced
the self-shading of lower leaves of the canopy, which made
the plants more photosynthetic efficient and better able to
exploit the space available to intercept solar radiation,
consequently increasing leaf area index, dry matter, and
plant height. A similar result was found by Zando Jinior et
al. (2010), De Oliveira et al. (2016), Wissa. (2017) and
Mikhael et al. (2018).

Table 3. Leaf area index (LAI) and dry matter at the booting stage as well as plant height at harvest of some rice
genotype as affected by irrigation regimes and rate of potassium silicate in 2019 and 2020 seasons.

LAI Dry matter (g/m?) Plant height (cm)

Treatment 2019 2020 2019 2020 2019 2020
Irrigation regimes (1):

451a 4.71a 1129.7a 1145.0a 96.55a 100.05a
12 4.33a 453a 1123.4a 1138.7a 90.69b 98.98a
13 4.04b 4.14b 1088.3b 1098.3b 87.69c 90.43b
14 2.97c 3.06¢c 879.8c 890.5¢ 84.05d 86.09c
F. test ** *% *% ** ** **
Potassium silicate (%) (K):
0 3.06¢c 3.20c 1032.9d 1045.8d 86.77d 90.89d
1 3.81b 3.96b 1045.1c 1058.0c 88.85¢ 93.02c
2 4.46a 4.61a 1062.4b 1075.2b 90.91b 95.08b
3 4.52a 4.67a 1080.7a 1093.5a 92.43a 96.55a
F. test ** *% *% ** ** **
Rice genotype (G):
Sakhal08 4.10b 4.25h 1057.8b 1070.7b 89.56b 93.76b
Giza 178 4.37a 4.52a 1067.4a 1080.2a 93.51a 97.62a
Egy-Kor 27 3.41c 3.56¢ 1040.6¢ 1053.5¢ 86.16¢ 90.27¢
F. test ** *% *% ** ** **
Interactions:
I XK NS * NS i NS NS
IXG NS NS ** *x NS NS
KXG NS NS NS NS w* w*
IXKXG NS NS NS NS NS NS

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off. * = Significant at 0.05 level, ** = Significant at 0.01 level and

NS= Not significant.

The cultivar Giza 178 was superior to Sakhal08 and
Egy-Kor 27 in leaf area index, dry matter production, and
plant height in both seasons (Table 3). On the contrary, the
rice genotype Egy-Kor 27 recorded the lowest values of
study traits. This might be due to the different genetic
backgrounds of rice genotypes. Similar results were also
reported by Patil et al. (2017), Mikhael et al. (2018) and
Gaballah et al. (2021).

The interaction between irrigation regimes and
potassium silicate rates significantly produced the highest

LAI and DM production in the second season only (Table
4). The combination of irrigation every 4-day(l1) and
alternate 4-day on + 4-day off (12), with spraying potassium
silicate rates of 3 and 2% gave the highest LAl and DM.
However, the lowest value was produced in alternate 4-day
on + 8-day off (14) with 0 (without potassium silicate)
treatment in the 2020 seasons (Table 4). These results
support the findings of Patil et al. (2017) and Mikhael et al.
(2018).

Table 4. Leaf area index and dry matter production as affected by the interaction between irrigation regimes and

potassium silicate in 2020 season.

2
Zﬁiﬁi lz;p )(K) - Irrigation regimes(l) oY mater (/)
° 11 12 13 14 11 12 13 14
0 3.56¢d 3.40d 3.24d 2.61e 1117.4h 1111.3i 1070.6l 883.8p
1 4.37bc 4.28bc 4.06¢ 2.13e 1132.8e 1126.59 1086.1k 886.40
2 541a 5.19ab 4.56bc 3.27d 1153.6c 1147.3d 1106.9j 893.0n
3 5.52a 5.25a 4.70b 3.23d 1176.2a 1169.9b 1129.5f 898.4m

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

The interaction between irrigation regimes and rice
genotype was significant concerning dry matter production
in both seasons (Table 5). The combination of irrigation
every 4-day with Giza 178 produced the highest dry matter

production (1143.1 and 1158.5 g/m?). However, the lowest
value (871.7 and 882.3 g/m?) was produced in 14 with the
Egy-Kor 27 in both seasons, respectively.
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Table 5. Dry matter production at booting and plant height at harvest of some rice genotype as affected by the

interaction between the study factors.

2019 2020
Genotype(G) Irrigation regimes(l)

11 12 13 14 11 12 13 14
Dry matter Sakha108  1133.0c 1126.8d 1091.6h 879.8k 1148.4c 1142.1d 1101.6h 890.5k
(g/m?) Gizal78 1143.1a 1136.8b 110179 887.7) 1158.5a 1152.2b 111179 898.4)
Egy-Kor27 1112.8e 1106.5f 1071.41 871.71 1128.1e 1121.8f 1081.4i 882.3

Potassium silicate rates (%)(K)

: 0 1 2 3 0 1 2 3
(ng.?)t height  cokha108  86.defy 87.3¢f 91.3c 93.3b 90.5¢f 9le 95.5¢ 97.4b
Gizal78 89.4d 93.9ab 95.1ab 95.6a 93.6d 98.1ab 99.2ab 99.7a
Egy-Kor27  84.5g 85.4fg 86.4efy 88.4de 88.6f 89.5f 90.5ef 92.5de

Irrigation every 4-day (I1), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

The interaction between potassium silicate rates and
rice genotype was significant concerning plant height in
both seasons (Tableb). It was clear from the results obtained
that the shortest plants were recorded by the rice genotype
Egy-Kor 27 with the 0 (without potassium silicate)
treatment. However, the tallest plants were obtained by
potassium silicate rates of 3% followed by 2% without any
significant differences with the cultivar Giza 178 for these
traits in the 2019 and 2020 seasons.

B- Grain yield and its attributes:

Grain yield and its attributes (number of panicles
/hill, panicle length, number of filled grains/ panicles,
number of unfilled grains/ panicles, panicle weight, 1000-
grain weight, grain and straw yield) were significantly
affected by irrigation regimes (Table 6). The highest grain
yield and most of its attributes were recorded with irrigation
every 4-day (11) which was on a par with (12). On the other
hand, the number of unfilled grains/ panicles increased with
alternate 4-day on + 8-day off (14). Water stress reduced the
number of plants within the unit area due to the death of
tillers as drought stress decreases the number of panicles.
Under well-watering treatment and the availability of
nutrients led to an increase in the number of tillers bearing
panicles and the number of filled grains/panicle. These
findings agree with those obtained by El-Refaee, (2012),
Alhassan et al. (2016), Graham-Acquaah et al. (2019) and
Gaballah et al. (2021).

The highest values of grain yield were recorded by
irrigation every 4-day (10.96 and 11.58 t/ha), without any
significant differences with alternate 4-day on + 4-day off
(10.74 and 11.36 t/ha). However, the lowest values (7.16
and 7.99 t/ha) were obtained by alternate 4-day on + 8-day
off. The increase of grain yield, with continuous flooding,
could be attributed to increased grain yield attributes.
Usually, water deficit shortens the grain-filling period and
can result in a reduction in grain weight. Similar results were
reported by Pandey et al. (2014). Also, such results might be
interpreted by the increase in soil moisture content during
the vegetative growth of rice plants, which affected the
activity of cell division and elongation, and improved
physiological processes inside the plant such as
photosynthesis, enzyme activity, transportation of the dry
matter content to panicles. As high grain yield resulted in
more grain filling and weight panicles according to Li et al.
(2017) and Hossain et al. (2020).

Data associated with number of panicles /hill,
panicle length, number of filled grains/ panicles, number of
unfilled grains/ panicles, panicle weight, 1000-grain weight,
grain and straw yields were influenced by potassium silicate
in the two studied seasons (Table 6). The potassium silicate
rate of 3% gave the highest values, and it was on a par with

the potassium silicate rate of 2% on grain yield and all other
traits, in the two seasons. Except for the number of unfilled
grains/ panicles, this produced the highest value under 0
(without potassium silicate) treatment. The potassium
silicate rate of 3% recorded the highest grain yield (10.20
and 10.94 t/ha) followed by 2% (9.93 and 10.67 t/ha)
without any significant difference between each in both
seasons, receptivity. The increase in thousand grains weight
with the application of silicon might be coupled with
enhanced photosynthetic activity and efficient translocation
of photosynthetic. That resulted in better assimilation of
carbohydrates and a greater number of filled grains leads to
an increase in thousand grains weight. This might be due to
high nutrient status and moisture-holding capacity, which is
the prime requirement of paddy. The favorable impact of
potassium silicate as the foliar application might be
attributed to increasing leaf water potential. These results
corroborate those obtained by Jawahar and Vaiyapuri,
(2010). The erectness exposed the plant to sunlight and
enhanced the photosynthetic activity and assimilation of
constituents. The application of silicon to rice enhanced the
sturdiness in the plant and helped grow erect without
lodging. This assimilation promotes the growth and
development of the crop and reduces the incidence of pests
and disease. The crop's vigorous growth might be the reason
for increasing the grain yield. These results corroborate
those obtained by Patil et al. (2017). The highest straw yield
was mainly associated with increased plant height and the
number of tillers per hill. The accumulation of silicon in
plant parts reduced their lodging and enhanced resistance
against biotic and abiotic stress. All these factors ultimately
might have resulted in higher straw yield. These results
conform to the findings of Aarekar et al. (2014) and Patil et
al. (2017).

Rice genotype significantly varied in grain yield and
its attributes in both seasons (Table 6). The Sakha 108
significantly registered the maximum values of panicle
length, panicle weight, and 1000-grain weight. Meanwhile,
rice genotype Egy-Kor 27 recorded that the highest values
of number of unfilled grains/ panicles. However, rice
genotype Giza 178 produced the highest value of the
number of panicles /hill, the number of filled grains/
panicles, grain yield, and straw yield in both seasons. On
contrary, the lowest grain yield was produced by rice
genotype Egy-Kor 27. The results might be related to
genetic factors which resulted from genetic makeup
relations for the studied rice varieties. The results are in
accordance agrees with the findings of El-Habet, (2021).
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Table 6. Number of panicles /hill, panicle length, number of filled grains/ panicles and number of unfilled grains/
panicles of some rice genotype as affected by foliar application of potassium silicate and irrigation regimes
in both seasons.

No. of . Number of Numperof . . I .

panicles Panicle filled grains/ unfl_lled Pfinlcle 100_0-gra|n Grainyield  Straw yield
Treatment hill length (cm) icl grains/ weight (g) weight (g) (t/ha) (t/ha)

i panicles panicles

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
Irrigation regimes (1):
11 1932 223a 212a 231a 137.8a 1388a 506d 7.39c 340a 38% 2696a 2758a 1096a 1158a 1245a 12.86a
12 184a 214a 207a 226a 1347a 1370a 695c 753c 320a 369 26.74a 27.36a 10.74a 1136a 12.15a 12.54b
13 162b 1770 186b 195b 1232b 1276b 109% 1254b 259 30lb 2556b 2632b 956b 1032b 11.44b 11.85c
14 143c 158c 174c 180c 1136c 1189c 1830a 1968a 204c 230c 2316c 2399c 7.16c 7.99c 916c 9.76d
Potassium silicate (%) (K)
0 147d 170d 172c 185c 1178c 1225c 1095a 1247a 228d 270d 2482c 2548c 882c 948c 1054c 1099
1 166c 189c 193b 206b 1250b 129.0b 1031b 1187b 267c 3.08c 2548b 26.16b 948b 10.16b 1121b 1165b
2 1780 201b 204a 217a 1313 1333b 1008c 1152c 302b 343b 2593a 2667a 993a 1067a 1160b 1206eh
3 190a 213a 210a 223a 1352a 1373a 994d 1127d 327a 368a 26183 2694a 1020a 1094a 1186a 12.3la
Rice genotype (G):
Sakhal08 170b 193b 205a 21.8a 1283b 131.3b 10.74b 1218p 33la 373a 2624a 2703a 956b 1021b 1126b 11.72b
Gizal78 186a 208a 195b 208b 1403a 1435a 892c 1036c 27% 321b 25560 2625bh 1024a 1107a 119la 1237a
Egy-Kor27 155c 178c 185c 198c 1134c 1166c 113la 128la 232c 273c 2500c 2566c 9.02c 966c 10.73c 1ll7c
Interactions:
IXK NS NS NS NS * * NS NS * NS NS NS * * * *
IXG NS NS NS NS * NS NS NS NS NS NS wx *x ** *x *x
KXG NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
IXKXG NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Irrigation every 4-day (I1),
NS= Not significant.

The interaction between irrigation regimes and

potassium silicate was

grains/ panicles in both seasons (Table 7). The combination
of irrigation every 4-day with potassium silicate rate 3%

recorded the highest

followed by potassium silicate rate of 2% under the same
irrigation treatment. On the other hand, the lowest value

(101.7 and 110.4) was

day off (14) with O (without potassium silicate) treatment in
respectively. The interaction between
irrigation regimes and rice genotypes was significant
concerning the number of filled grains/ panicle in the 2019
season (Table 7). The highest number of filled grains/
panicle (152.3) was produced by the combination of Giza
178 under 11 and 12 treatment. While, the lowest value

both seasons,

(105.7) was produced
2019 season.

The interaction between irrigation regimes and

potassium silicate was
2019 season (Table 7).

4-day and potassium silicate rate of 3% produced the highest
panicle weight (3.87 g), without any significant difference
with 12. However, the lowest value (1.50 g) was produced
in 14 under 0 (without potassium silicate) treatment.

The interaction

genotypes was significant for 1000-grain weight in the 2019
and 2020 seasons (Table 7). Sakha 108 produced the highest
1000-grain weight (27.39 and 28.24) under irrigation every

4-day, without any

alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off. * = Significant at 0.05 level, ** = Significant at 0.01 level and

Meanwhile, the lowest value (22.76 and 23.59) was
produced in 14 and Egy-Kor 27 in both seasons.

The interaction between irrigation regimes and
potassium silicate was significant for grain yield in both
seasons (Table 7). The highest grain yield value was
obtained by potassium silicate rate 3 and 2% under |1
treatment followed by 12 irrigation treatment, without any
significant difference between each other. However, the
lowest value was produced by 14 and 0 (without potassium
silicate) treatment in both seasons. The interaction between
irrigation regimes and rice genotypes was significant for
grain yield in both seasons. The highest grain yield was
obtained by Giza 178 followed by Sakhal08 under 11 and
12 treatment. While the lowest value was produced by Egy-
Kor 27 and in 14 treatment in both seasons.

The interaction between irrigation regimes and
potassium silicate was significant for straw yield in both
seasons (Table 7). The highest straw yield values were
obtained by 11 followed 12 treatment (with no significant
difference between each other) with potassium silicate rate
of 3 and 2% insignificant difference between. However, the
lowest value was produced by 0 (without potassium silicate)
treatment and 14 treatment, in both seasons. The interaction
between irrigation regimes and rice genotypes was
significant for straw yield in both seasons. The highest straw
yield values were obtained by Giza 178 followed by
Sakhal08 under irrigation of 11 or 12 treatment. However,
the lowest value was produced by Egy-Kor 27 under 14 in
both seasons.

significant for the number of filled

number of filled grains/ panicles,

produced in alternate 4-day on + 8-

by Egy-Kor 27 and 14 treatment in

significant for panicle weight in the
The combination of irrigation every

between irrigation regimes and rice

significant difference with 12.
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Table 7. Grain yield and some of its attributes as affected by the interaction between the study factors

2019 2020
Trait Treatment Irrigation regimes
11 12 13 14 11 12 13 14
Potassium silicate (%)(K)
i 0 130.1b  128.1bc 111.0d 101.7e 131.1c 130.3c 117.9e 110.4f
s 1 136.4ab  133.0b 119.8c 110.8d 137.3b 135.2bc  126.9cd 116.4e
= o 2 140.4ab  136.2ab  128.8bc 119.7¢ 141.3ab 138.4b 130.4c 123.0d
%__’ = 3 144.0a 141.5a 133.2b 122.0c 145.0a 143.7a 134.8hc 125.4d
s & . 2019
& S Rice genotype(G) 2 3 m
= Sakhal08 140.6b 137.6b 122.5¢ 112.4d
p4 Giza 178 152.3a 148.9a 137.2b 122.5¢
Egy-Kor 27 120.3cd 117.6cd 109.8d 105.7d
£ Potassium silicate (%6)(K)
g 0 2.88cd 2.53de 2.21e 1.50g
3 1 3.26bc 3.07c 2.44de 1.90f
£ 2 3.60ab 3.48b 2.72d 2.28e
o 3 3.87a 3.72ab 2.99cd 2.49de
S5 Rice genotype(G) 2019 2020
=) = Sakhal08 27.3%9a  27.17ab  26.50cd 23.87g 28.24a 27.84ab  27.35hc 24.70g
82 Giza 178 27.04ab  26.85hc 25.50e 22.86h 27.55b 27.52b 26.23e 23.69h
S 2 Egy-Kor 27 2640cd  26.20d 24.66f 22.76h 26.96¢d 26.71d 25.39f 23.5%h
Potassium silicate (%)(K)
_ 0 10.42bc  10.07c 8.61e 6.169 10.99cd 10.68d 9.37f 6.89i
g 1 10.80b  10.61bc 9.27d 7.23f 11.42bc 11.23c 10.03e 7.96h
= 2 11.14ab  11.02ab 10.05¢ 7.52f 11.78ab 11.64b 10.83d 8.45g
g 3 11.47a 11.26a 10.30c 7.75f 12.14a 11.88ab 11.07c 8.68¢
- Rice genotype (G)
g Sakhal08 11.04ab  10.85hc 9.50e 6.86h 11.55b 11.36hc 10.23e 7.6%h
Giza 178 11392  11.17ab  10.52cd 7.879 12.24a 12.01a 11.35¢ 8.70g
Egy-Kor 27 10.45cd 10.20d 8.66f 6.76h 10.96cd 10.71d 9.39f 7.5%h
Potassium silicate (%)(K)
_ 0 11.92bc  11.47c 10.61d 8.16f 12.32bc 11.87c 11.01e 8.76g
g 1 12.30b  12.05hc 11.27¢ 9.23¢ 12.70bc  12.41bc 11.67d 9.83f
= 2 12.64ab  12.42ab  11.85hc 9.52¢ 13.04ab 12.25¢ 12.25¢ 10.12f
E 3 1297a  12.66ab  12.06hc 9.75¢e 13.37a 12.46bc  12.46hc 10.35f
= Rice genotype (G)
J= Sakhal08 1254ab  12.25bc 11.41d 8.86f 12.94ab  12.65a-c 11.81c 9.46e
@ Giza 178 12.86a  12.57ab 12.35b 9.87e 13.29a 12.97ab  12.75a-Cc 10.47d
Egy-Kor 27 1195c  11.64cd 10.58f 8.76f 12.35a-c  12.00bc 10.98d 9.36e

Irrigation every 4-day (I1), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

C- Grain quality
Milling characteristics:

Results in Table 8 showed that the effect of irrigation
regimes on milling characteristics was significant in both
seasons. Increasing intervals from irrigation every 4-day to
alternate 4-day on + 8-day off treatment significantly
decreases milling characteristics. The highest values of
hulling, milling, and head rice percentage values were
obtained by 11 and 12 without any significant differences in
both seasons. The milling recovery was reduced by
increasing water deficit. The same result was found by
Gewaily et al. (2019). Usually, water deficit shortens the
grain-filling period and can result in a reduction in grain
weight.

Grain filling pattern had a marked influence on final
grain quality, this reduction causes an increase in bran
production and decreases head rice (%) according to Pandey
et al. (2014). The results presented in Table 8 of milling
characters, for the four rates of potassium silicate, was
significantly varied in both seasons. The highest hulling,
milling and head rice percentage values were obtained by

the potassium silicate rate of 3% in both seasons. However,
the lowest values of all traits were recorded that the 0
(without silicate) treatment in the two seasons. Similarly
Ahmad et al. (2013) reported that silicon is not directly
evolved in quality enhancement but it controls diseases and
stresses to maximize the quality.

Rice genotype shows a significant difference in
milling characters in both seasons (Table 8). Rice genotype
Sakha 108 produced the highest value of all traits followed
by Giza 178. Meanwhile, the lowest values of hulling,
milling, and head rice percentage were obtained by rice
genotype Egy-Kor 27 in both seasons. The results support
the findings of Gaballah et al. (2021).

The interactions between irrigation regimes and rice
genotype on hulling were significant in the 2019 and 2020
seasons (Table 9). The highest hulling values were obtained
by irrigation every 4-day (I1) treatment with Sakhal0O8
followed by Giza 178. But the lowest value was produced
in alternate 4-day on + 8-day off (14) with Egy-Kor 27 in
both seasons.
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Table 8. Hulling, milling and head rice of some rice genotype as affected by foliar application of potassium silicate
and irrigation regimes in 2019 and 2020 seasons.

Treatment Hulling Milling Head rice(%)

2019 2020 2019 2020 2019 2020
Irrigation regimes (1)

79.33a 79.97a 74.28a 74.74a 61.13a 62.02a
12 78.38a 79.02a 73.71a 74.17a 60.34a 61.23a
13 76.15b 76.75b 70.66b 71.06b 58.03b 58.92b
14 72.25¢C 72.81c 68.05¢C 68.41c 53.99¢ 54.88¢c
F. test *%* *%* ** ** ** **
Potassium silicate (%) (K)
0 74.24d 74.85d 70.57c 70.99c 56.01 56.90d
1 76.09c 76.70c 71.40b 71.82b 57.94c 58.83c
2 77.30b 77.91b 72.09ab 72.51ab 59.13b 60.02b
3 78.47a 79.08a 72.66a 73.08a 60.42a 61.31a
F. test ** ** ** ** ** **
Rice genotype (G)
Sakhal08 78.0a 78.66a 72.70a 73.12a 60.32a 61.21a
Giza 178 76.52b 77.13b 71.91b 72.33b 58.16b 59.05b
Egy-Kor 27 75.01c 75.62¢c 70.42c 70.84c 56.65¢ 57.54c
F. test ** ** ** ** ** **
Interactions:
IXK NS NS NS NS NS NS
IXG * * NS NS NS NS
KXG NS NS NS NS NS NS
IXKXG NS NS NS NS NS NS

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off. * = Significant at 0.05 level, ** = Significant at 0.01 level and

NS= Not significant.

Table 9. Hulling percentage of rice genotypes as affected by the interaction between the study factors

Hulling (%)
Treatment 2019 2020
11 12 13 14 11 12 13 14
Sakhal08 81.04a 80.3ab 77.73c 73.08f 81.68a 80.99ab 78.33c 73.64f
Giza 178 79.20b 78.09c 76.02d 72.44F 80.16b 78.73c 76.62d 73.00f
Egy-Kor 27 77.44cd 7.9cd 74.6% 71.229 78.08cd 77.33cd 75.2% 71.789

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

Table 10 shows the data related to silica content
in leaf and husk in rice genotypes as influenced by the
different rates of potassium silicate and irrigation
regimes. Irrigation treatment on silica content in leaf and
husk was increased significantly by increasing interval
from irrigation every 4-day to alternate 4-day on + 8-day
off treatment in both seasons. The highest values of silica
content values were obtained by irrigation 14 and I3
without any significant differences in both seasons. The
irrigation every 4-day treatment gave the lowest values
of silica content in both seasons. On the other hand,
determination data revealed that the four rates of
potassium silicate were significantly varied in their silica
content (mg/g) in both seasons.

Regarding silicon content (mg/g), the highest
value of potassium silicate rate was 3% followed by
potassium silicate rate 2% in both studied season
(Table10). There was a high silica content in the straw
than in husk which could be attributed to the
accumulation of silica in the cell wall of culms and
leaves. This strengthens the rice internodes, minimizing
the lodging and the angle between the leaves and culms.
Thus, the erectness of the leaves allows light to penetrate
most of the rice leaves for better photosynthesis. As a
result, photosynthesis and other biological process
improve plant growth and yield (Patil et al. 2017 and
Mikhael et al. 2018).

Table 10. Silicon content in leaf and husk (mg/g) of some
rice genotype as affected by foliar application
of potassium silicate and irrigation regimes.

Treatment Silicain leaf Silica in husk
2019 2020 2019 2020
Irrigation regimes (1)
11 4.37b 4.66b 1.49¢ 1.82d
12 4.80b 5.09b 1.92b 2.23c
13 5.66a 6.04a 2.06b 2.51b
14 5.95a 6.33a 2.51a 2.96a
F. test ** ** ** **
Potassium silicate (%) (K)
0 359 3.93c 1.81c 2.19d
1 5.39% 5.73b 1.96b 2.34c
2 5.49 5.83b 2.06a 2.45h
3 6.3la 6.64a 2.15a 2.53a
F. test ** ** **
Rice genotype (G)
Sakhal08 5.30b 5.64b 1.97b 2.36b
Giza 178 5.77a 6.10a 2.15a 2.53a
Egy-Kor 27 4.52c 4.85¢c 1.87c 2.25¢c
F. test ** ** ** **
Interactions:
IXK NS NS fale *
IXG * * NS NS
KXG NS NS NS NS
IXKXG NS NS NS NS

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8-
(14) day off. * = Significant at 0.05 level, ** = Significant at 0.01 level
and NS= Not significant.
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Rice genotype showed a significant difference in
silicon content in both seasons (Table 10).

Rice genotype Giza 178 produced the highest
value of silica content in leaf and husk.

Meanwhile, the lowest values of silica content
were obtained by rice genotype Egy-Kor 27 in both
seasons.

The interaction between irrigation regimes and
rice genotype had a significant effect on silica content in
leaves in both seasons (Table 11).

The combination of 14, and Gizal78 produced the
highest silicon content in leaf (6.95 and 7.33 mg/g)
followed by Sakha 108 (6.06. 6.33mg/g) in both seasons.

Meanwhile, the lowest value (4.05 and 4.34mg/q)
was produced in 11 with Egy-Kor 27 in two seasons.

Table 11. Silicon content in leaf and husk (mg/g) affected by the interaction between the study factors

Silica content in leaf

Treatment 2019 2020

11 12 13 14 11 12 13 14
Rice genotype (G)
Sakhal08 4.39cd 4.86¢d 5.90b 6.06b 4.68cd 5.15cd 6.28b 6.44b
Giza 178 4.68cd 5.16¢ 6.28 6.95a 4.97cd 5.45¢ 6.66b 7.33a
Egy-Kor 27 4.05d 4.37cd 4.81cd 4.84cd 4.34d 4.66¢cd 5.19cd 5.22cd
Treatment Silica content in husk

2019 2020
11 12 13 14 11 12 13 14
Potassium silicate (%)(K)

0 1.169 1.63def 1.99de 2.46abc 1.48g 1.95e 2.44b 2.91a
1 1.41fg 1.90de 2.05cd 2.48abc 1.73e 2.21cd 2.50b 2.93a
2 1.59% 2.03cd 2.10bcd 2.52ab 1.91e 2.35hbc 2.55b 2.97a
3 1.831de 2.10bcd 2.11bcd 2.57a 2.15d 2.42b 2.56b 3.02a

The interaction between irrigation regimes and
potassium silicate had a significant effect on silica
content in the husk in the two seasons (Table 11).

The combination of 14, and potassium silicate rate
3% produced the highest silica content in the husk (2.57
and 3.05mg/g) without a significant difference between
potassium silicate rate 2%.

But the lowest value (1.16 and 1.48mg/g) was
produced in I1 with the 0 (without potassium silicate
spray) treatment.

4- Water management strategies to reduce water input:

Data in Table 12 revealed that the total water used,
water saved, and water productivity in both seasons.

The irrigation every 4-day (I1) received the
highest amounts of water throughout the season (13200
and 13460m3/ha).

While the lowest amounts were received by
irrigation as 14 treatment (9310 and 9628.7 m3/ha) in the
2019 and 2020 seasons, respectively.

rrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

The amount of water-saving percentage was
found to be 4.47 and 5.11% with 12 treatment in the first
and second seasons, respectively, at the same time, the
water-saving percentage under I3 treatment was 19.99
and 19.60% with prolonged irrigation interval followed
by 14 treatment compared with irrigation every 4-day
treatment in the 2019 and 2020 season, respectively.

The irrigation 13 treatment recorded the highest
value of water productivity (0.91 and 0.97kg/m3)
followed by irrigation as 12 treatment in the first and
second seasons, respectively.

The irrigation 12 treatment gave high grain yield
and low water inputs in these treatments. These results
are in line with the findings of El-Refaee, (2012), Pandey
et al. (2014) and Gewaily et al. (2019).

Table 12.Total water used, water saved, and water productivity as affected by irrigation regimes.

Treatmen Total water use (m%ha) Grain yield (t/ha) Water saved (%6) Water productivity
t 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean
11 13200 13460 13330 1096 1158 11.27 - - - 0.830 0.860 0.845
12 12610 12773 12691 10.74 11.36 11.05 447 511 4.79 0.852 0.889 0.871
13 10562 10629 10595 9.56 1032 994 1999 1960 1979 0905 0971 0.938
14 9310 9628 9469 716 799 758 2947 2890 2919 0769 0.830 0.799

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

Regarding the effect of rice irrigation regime and
potassium silicate on water productivity (Figl) WP
increased with 13 with potassium silicate rate 3%, in both
Seasons.

On the other hand, as for irrigation regimes, and
rice genotype, water productivity was increased with 13
with Giza 178 in both seasons. However, the lowest
water productivity was obtained by 14 with Egy-Kor 27
in both seasons.
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Fig .1.Water productivity (kg/m?) affected by the interaction between the study factors.

Irrigation every 4-day (11), alternate 4-day on and 4- (12), 6- (13) and 8- (14) day off.

CONCLUSION

Under the same conditions, it is possible to cultivate
Giza 178 rice cultivar and alternate irrigation as 4-day on +
4-day off with spray 2 % of potassium silicate for the highest
grain yield and acceptable water productivity.
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