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ABSTRACT

Due to limited water resources in Egypt, the researchers should find various ways to save irrigation
water without a reduction in rice yield. So, two field experiments were conducted to evaluate the impact of three
irrigation intervals as main plots [ irrigation every 6, 8 and 10 days], three addition levels of zeolite as sub-plots
[0.0 (without addition), 7.0 and 10.0 ton fed-!], foliar application of potassium silicate as sub-sub plots [0.0
(without foliar application) and 2.0 g K2SiO3z L™!] and their interactions on performance and yield of rice plant.
Also, post-harvest soil analysis was done. The results indicated that water stress (irrigation every 8 and 10 days)
led to raising phenol content and superoxide dismutase activity in rice plant leaves, while zeolite and potassium
silicate led to a decline of the plant's requirement from these antioxidants. Both zeolite and potassium silicate
beneficially affected rice growth, yield and its components. Soil addition of zeolite at rate of 7.0 and 10 ton fed
1 pefore sowing under watering rice plants every 8 days realized better results for growth, yield and its
components than non- soil addition of zeolite under watering every 6 days (traditional irrigation) in presence
and absence of K>SiOs. Usage of zeolite improved soil total porosity, CEC and FC values.It can be concluded
that both potassium silicate as a foliar application and zeolite amendment represents an attractive option to
mitigate the expected water scarcity.
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INTRODUCTION some soil properties to zeolite soil addition and foliar spraying

. . . . with potassium silicate under deficit irrigation water.

Rice (Oryza Sativa L.) is one of the most important
cereals in the world. Rice crop consumes so much irrigation MATERIALS AND METHODS
water comparing with other crops. Nowadays, due to the
scarcity of water, Egypt faces a challenge in rice
productivity. Therefore, there is an urgent need to find new
irrigation regimes aiming to save the irrigation water
without a decline of rice crop productivity.

Soil amendments such as zeolite is one of the most
eco-friendly techniques to enhance water use efficiency by
reducing water leaching. Kulikova et al. (2020) indicated
that zeolite amendment is an environmentally friendly
product. Zeolite improves soil properties such as CEC and
holding both water and nutrients and release them for plants
at the need time, thereby improving plant growth with water
scarcity (Bernardi et al. 2009; Bernardi et al. 2010;
Azarpour et al. 2011; Gomah, 2015 and Khalifa, et al.
2019). Khalifa, et al. (2019) showed that using zeolite could
increase available water values, available nutrients (N, P,
and K), CEC and total porosity. Beside, EI-Sherpiny et al.
(2020) found that zeolite improved bulk density, total
porosity, CEC and FC of soil.

Potassium silicate (K,SiO3) is a source of high
potassium and silicon nutrients, so it is used in agricultural
purposes as a silicon source and has  supplying small
amounts of potassium to improve the quality of rice yield

1. Experiment Design and Crop Management.

Two field experiments were carried out in a split-
split plot design at a private farm located in Met Antar
village, Talkha district, Dakahlia governorate, Egypt during
the summer rice-growing seasons of 2019 and 2020 to
evaluate the impact of three irrigation intervals as main plots
[irrigation every 6, 8 and 10 days], three addition levels of
zeolite as sub-plots [0.0 (without addition), 7.0 and 10.0 ton
fed?® as soil addition at 30 days before sowing], foliar
application of potassium silicate as sub-sub plots [ 0.0
(without foliar application) and 2.0 g K,SiO3 L] and their
interactions on attributes of rice plants growth ( Oryza sativa
L. ) "Sakha 104 cultivar. The experiment included 18
treatments; each treatment was replicated three times. The
experimental unit size was 18m? (3x6). Starting from first
irrigation, the studied irrigation intervals were applied (as
continuous flooding) until rice crop harvest using main
canal near the experimental site (Nile River). At the start of
the experiment (before transplanting the rice seedlings in the
permanent field), soil sample at depth of 0-30 cm was taken
and analyzed according to Buurman et al., (1996), where the
soil texture was clay with pH value 8.00 (1: 2.5 soil: water
: suspension) having low organic matter content (1.28%),
(Tarabih etal. 2014). . available N of 55.2 mg kg%, available P of 7.75 mg kg and

There:\fore, the am of the current study 1S 10 assess adequate available K with 305.1 mg kg™. Zeolite (from Alex
response of rice plants in terms of growth and yield as well as Zeolite Company) contained SiO; (64.75%), K20 (5.20%),
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FeO (6.0%), P20s (1.05%), AlO3 (12.5%) , Na,O (1.50% )
and CaO (9.0%) as well as its CEC value was 158.50 cmol
kg! and EC of 2.35 dSm1The rice seedlings were
transplanted on 8" June in both seasons. The experimental
field was prepared (plowed two times and well dry
leveled).The traditional agricultural practices and mineral
fertilization were done for the rice production according to
the recommendations of Ministry of Agri. and Land

Reclamation. Each irrigation treatment was isolated from

another with 2.5 meter to prevent water seepage.

2.Data Recorded.

1.Measurements at panicle initiation and heading stage.

- Plant height (cm).

- Chlorophyll content (SPAD value).

- Phenols (mg.g* F.W) were determined calorimetrically
using the modified Folin-Ciocaltue colourimetric method
(Eberhardt et al. 2000).

- Superoxide Dismutase activity (SOD enzyme,
Unit.mint.mg?) in leaves of rice plant was determined by
measuring inhibition of photochemical reduction of NBT
as described by Peixoto et al. (1999).

2.Yield and its components at harvest stage.

- Panicle length (cm) and weight (g).

- No. of grains panicle™ and No. of filled grain.

- 1000 seeds weight (g) and grain yield (Mg ha™).

a.Grain quality parameters.

- Grain protein content (%) was calculated using the
following formula: Crude protein % = Nitrogen (N)% x
5.75. N (%) of rice grain was determined by Micro-
Kjeldhal method as mentioned by Anonymous, (1990).

- Total carbohydrates (%) in rice grains were determined
according to Hedge and Hofreiter (1962).

b. Soil analyses.

After harvest stage, soil samples (0-30 cm depth)
from each sub sub-plot were taken and analyzed according
to Buurman et al. (1996) to evaluate the effect of studied
treatments on some soil properties, where the cation
exchange capacity (CEC, cmol.kg?), electric conductivity
(EC,dSmh),total porosity (TP,%) and field capacity (FC,%)
were determined.
3.Statical Analysis.

Data obtained were statistically analyzed according
to Gomez and Gomez (1984) using CoStat (Version 6.303,
CoHort, USA, 1998-2004).

RESULTS AND DISCUSSION

1. Phenol (mg.g™* F.W) and SOD enzyme (Unit.g* F.W).

Data in Table 1 indicate that water stress (irrigation
every 8 and 10) led to raising phenol (mg.g™? F.W) content
and superoxide dismutase activity (SOD, Unit.g? F.W) in
rice plant leaves, where increases of irrigation intervals from
6 to 8 and 10 days caused raising self-production of the plant
from antioxidants such as phenols and SOD enzyme to resist
water deficit. Generally, irrigation every 10 days recorded
the highest values of the studied antioxidants followed by
irrigation every 8 days, while the lowest values were
recorded with plants irrigated every 6 days. On the other
hand, the plants grown without soil addition of zeolite
produced the studied antioxidants in leaves of rice plants
more than that with zeolite, where the lowest values of
phenols and SOD enzyme were realized with zeolite at rate
of 10.0 ton fed* followed by 7.0 and 0.0, respectively. Also,

34

the rice plants treated with potassium silicate at rate of 2g L
! produced phenols and SOD enzyme less than untreated
plants. Generally, it can be said that rice plants may up-
regulate various scavenging mechanisms like antioxidants
to mitigate stress-induced damage. Also, zeolite and
potassium silicate have a beneficial role in increasing rice
plant resistance to water stress, thus the plant's requirement
from antioxidants such as phenol and SOD enzyme were
reduced. This result is in accordance with those of Goud and
Kachole, (2011); Yi et al., (2014); Palanivell et al. (2016);
and Hellal et al. (2020). This trend was found in both
growing seasons.

2. Agronomic Parameters.

Data in Tables 1, 2 and 3 show the effect of irrigation
intervals, zeolite soil addition, foliar spraying with potassium
silicate and their interactions on plant height (cm) and
chlorophyll (SPAD Reading) as well as yield and its
components [panicle length(cm), No. of grains panicle™, No.
of filled grain, 1000 seed weight (g), grain yield (Mg ha*)] and
some quality traits of grain [ protein and carbohydrates (%0)]
of rice grains during two growing seasons of 2019 and 2020.

It is clear that all aforementioned traits were
significantly affected due to studied irrigation intervals, where
the values significantly increased as irrigation intervals
decreased. Hence, the highest values were recorded with rice
plants irrigated every 6 days followed by that irrigated every
8 and 10 days, respectively. These results confirm that rice
grown under drought stress possess slow growth and low
yield compared to that grown under traditional flooding
irrigation (irrigation every 6 days). Generally, the increases of
all agronomic parameters under irrigation every 6 days might
be due to sufficient water and nutrients that are essential for
biological and physiological processes including cell division
and cell elongation compared to other intervals (8 and10
days). This result is in accordance with those of Zulkarnain et
al. (2009) and Sultan et al. (2013).

Regarding soil addition of zeolite, results showed
pronouncedly significant differences among additives
zeolite, where soil addition at rate of 10 ton fed® was the
superior treatment followed by 7.0 ton fed, while untreated
plants gave the lowest values. The promotional effect of
zeolite is due to its role in preventing soil moisture losses in
addition its high content from adsorbed nutrients (as
mentioned in the material section).This result is in
accordance with those of Ahmed et al. 2010; Ozbahce et al.
2015 and Khalifa, et al. 2019 and El-Sherpiny et al. (2020).

Concerning foliar application of potassium silicate,
the data in same Tables showed that foliar spraying with
potassium silicate at rate of 2 g L gave results better than
non-foliar. This may be attributed to potassium silicate
(K2Si0s) as source of high soluble potassium and silicon;
therefore foliar spraying with it caused improvement of all
aforementioned traits. On the other hand, it is known that
silicon nutrition alleviates many abiotic stresses like water
deficit in addition to that silicon reduces plant transpiration
(Epstein, 1994; Ma and Yamaji, 2006). Also, silicon in rice
shoots may be enhance the thickness of the culm wall and
the size of the vascular bundles that result in a reduction in
lodging. These results are in agreement with those obtained
by Abdel-Haliem et al. (2017).

The combination of irrigation every 6 days, treating
with 10 ton zeolite fed? and foliar application of 2.0 g
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K2SiO3 L realized the highest values of all aforementioned
traits, while the lowest values were recorded when rice
plants irrigated every "0 days without both zeolite and
K2SiOs. Taking into account that soil addition of zeolite at
rate of 7.0 and 10 ton fed™ before sowing with irrigation of
rice plants every 8 days realized better results than non-
addition of zeolite with irrigation every 6 days (traditional
irrigation) in presence and absence K;SiOs. This trend was
found in both growing seasons.

3.So0il Properties.

Table 4 shows that soil properties such as EC (dSm™),
CEC (cmolkg?), total porosity (%) and F.C (%)
pronouncedly differ as a result of studied treatments, where
the values are means of both seasons.

Soil EC values at harvest stage were more than that
before transplanting and this may be attributed to residual
salts in the soil due to fertilization processes during growing
season. Soil addition of zeolite caused increasing soil EC.

On the contrary, irrigation every 6 days caused a
slight decrease in soil EC values compared to 8 and 10 days,
respectively. This may be attributed to irrigation every 6
days takes more water, thus leaching of salts out of the soil
root zone is more far. The effect of foliar application of

K2SiO3 on soil EC values is positive, where the values were
reduced with foliar application of K,SiOs; compared to
control treatment (0.0 g K2SiO3 L) and this may be due to
the role of potassium silicate in improving plant uptake.

As for cation exchange capacity (CEC, cmol.kg™?),
total porosity (TP,%) and field capacity (FC,%), the most
effective factor affected these properties is zeolite. Irrigation
intervals and foliar application have a slight impact on these
physical properties. So, results presentation will be confined
to zeolite impact. The soil CEC increased as zeolite rate
increased and these increases may be due to the high CEC
value of used zeolite (158.5 cmol kg?). Appling zeolite
before transplanting at rate of 7.0 and 10.0 ton fed™ led to an
increase of soil total porosity and these Increases may be
attributed to the role of zeolite in aggregation process which
caused improving soil structure which reflects positively on
soil physical properties. F.C of soil after harvesting rice
gradually increased with raising rate of zeolite. This
behavior might be due to that zeolite holds a high quantity
of water in its pores, where zeolite can retain more irrigation
water in the root zone to be uptaked by plants as need, thus
zeolite helps in tolerance the water stress (irrigation every 8
and 10 days).

Table 1. Impact of irrigation intervals, zeolite soil addition and foliar application with potassium silicate on plant height as
well as chlorophyll, SOD and phenol contents of rice plants during two growing seasons of 2019 and 2020.

Characters Plant height,cm  Chlorophyll SPAD Reading  SOD, Unit.min.mg? Phenol, mg.g* FW
Treatments 2019 2020 2019 2020 2019 2020 2019 2020
Irrigation intervals
Irrigation every 6 days 100.76a  115.50a 33.00a 33.71a 21.71c 22.06c 31.91c 31.97c
Irrigation every 8 days 95.31b  107.48b 28.23b 28.75b 25.47b 2581b  38.40b 38.40b
Irrigation every 10 days 89.79c  99.54c 23.45¢c 23.97c 29.11a 29538 44.90a 44.9la
LSD ats% 0.25 2.32 0.57 0.08 0.04 0.13 0.15 0.36
Zeolite application
Without zeolite 89.76c  99.52¢c 23.43c 23.93c 29.17a 29.59a  44.89a 44091la
7 ton Zeolite fed* 97.48b  110.68b 30.12b 30.64b 23.87b 2421b  35.85b 35.85b
10 ton Zeolite fed* 98.62a 112.33a 31.13a 31.87a 23.26¢ 23.60c 3447c  34.52c
LSD at5% 0.19 0.46 0.11 0.06 0.06 0.13 0.13 0.45
Potassium silicate
0.0g KsSiOzL? 94.31b  106.24b 27.37b 27.97b 26.02a 26.40a  39.55a 39.59a
209 KzSiOz L? 96.26a  108.78a 29.08a 29.66a 24.84b 2521b  37.25b  37.26b
LSD at5% 0.27 0.92 0.25 0.08 0.09 0.09 0.08 0.26
Interaction
© Without 009 KoSiOsLt  94.72j  108.78g 27.66j 28.25j 25.90i 26.55h 39.09i 39.12i
gz,‘ zeolite 209 KSiOs L 95.95i  109.36fg 28.76i 29.34i 25.36) 25.70i 37.67] 37.68)
e 2 7ton 00g KaSiOsLt 101.75d  116.16bc 33.92d 34.80d 20.180 20.56n  30.760 30.760
S o Zeolitefed! 20g KoSiOzL? 104.03b  119.53a 35.91b 36.30b 19.62p 19910 28.03g 28.02q
,5 10ton 009 KoSiOsL?  102.87c  118.20ab 34.84c 35.57c 20.380 20.47n 29.24p  29.60p
= Zeolite fed? 20g KSiOsL? 105.22a  120.98a 36.90a 38.02a 18.84q 19.19p 26.66r  26.64r
o Without ~ 00g KSiOsL!  87.63p  95.44jk 21.53p 22.00p 30.52¢ 30.66c  47.48c  47.50c
g zeolite 20g KSiOsL!  88.750  97.59ij 22.560 23.250 29.77d 30.08d  46.09d 46.10d
E % 7ton 00g KoSiOsLt  97.12h  111.67ef 29.80h 30.12h 24.36k 24.69j 36.26k  36.25k
S S Zeolitefed? 20g KoSiOsL?  99.50f  112.46de 31.82f 32.13f 22.66m 23.31 33.43m 33.43m
_% 10ton 009 KoSiOsLt  98.25g 112.95de 30.78g 31.50g 23.571 24.01k 34941 3495
= Zeolite fed? 209 KoSiOsL* 100.63e  114.79cd 32.88e 33.52e 21.96n 22.12m  32.16n 32.15n
S Without 009 KaSiosLt  85.29r 92.81k 19.49r 19.72r 32.12a 32.76a 50.21a 50.19a
g zeolite 209 KSiosL!  86.23q 93.12k 20.58q 20.99q 31.35b 31.80b  48.79b  48.85b
3 g T7ton 0.0g KoSiosLt  90.05n 99.83i 23.61n 24.35n 29.00e 29.40e 44.6%  44.69%
&8 Zeolitefed® 20g KSiOsL?  92.411  104.42h 25.63l 26.15l 2738y 27429 41909 41.92g
g 10ton 009 KoSiosL! 91.16m  100.31i 24.66m 25.39m 28.20f 28.50f 43.30f  43.27f
E  Zeolitefed! 20g KSiOsL? 9358k  106.74gh  26.70k 27.22k 26.63h  27.33g  4053h  4051h
LSD at5% 0.82 2.77 0.76 0.25 0.26 0.28 0.25 0.80
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Table 2. Impact of irrigation intervals, zeolite soil addition and foliar application with potassium silicate on yield and
its components of rice plants during two growing seasons of 2019 and 2020.

Characters Panicle length  Panicle weight No. of No. of filled 1000seeds  Grain yield
Treatments (cm) (o)) grains/panicle grains weight (g) (Mg ha')
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
Irrigation intervals
Irrigation every 6 days 2483a 2535a 2.74a 280a 139.06a 141.72a 98.06a 100.22a 27.75a 28.19a 8.98a 9.12a
Irrigation every 8 days 2316b 2357b 250b 256b 129.06b 131.11b 89.44b 91.83b 26.07b 26.62b 7.59b 7.70b
Irrigation every 10 days 2150c 21.96c 225c 229c 117.72c 120.00c 81.72c 83.44c 24.28c 24.80c 6.06¢c 6.15c
LSD ats% 006 003 003 001 0.76 326 261 083 005 037 008 001
Zeolite application
Without zeolite 2146c 21.88c 224c 229c 117.39c 120.00c 8161c 83.72c 24.31c 24.83c 6.02c 6.11c
7 ton Zeolite fed* 2383b 2425h 260b 265b 133.17b 13511b 92.78b 94.78b 26.70b 27.15b 8.16b 8.2%b
10 ton Zeolite fed?! 2420a 24.75a 2.65a 2.70a 13528a 137.72a 94.83a 97.00a 27.09a 27.64a 8.45a 857a
LSD at5% 005 004 002 0.02 0.57 1.88 184 137 007 030 006 001
Potassium silicate
0.0g KzSiOsL* 2287b 2333b 245h 2500 126.74b 129.04b 8859 90.48b 25.72b 26.28b 7.29b 7.40b
209 KaSiOz L! 2346a 2393a 254a 260a 13048a 132.85a 90.89a 93.19a 26.35a 26.79a 7.80a 7.9la
LSD ats% 007 007 002 0.03 0.69 1.36 110 082 007 024 007 02
Interaction

Without 00g K:SiOsL! 2313 2358y 248j 2529 125000 12767f 89009 9133fy 2589 2641fy 742f 753
zeolite 209 K:SiOsL! 23451 2393f 254hi 262f 12933h 13233 9033fg 9233f 26251 2686ef 7.76i  7.90i
71on Zeolite 00g KoSiOsL? 25050 2576c 2.78cd  284cd 142.33cd 144.330c 99.67bc 102330c 28.02d 286%c 9.31d  9.48d
fedl 209 KSiOsL! 2577b 26020 288ab 295ab 14567ab 14767ah 10267 104330 28780 2834bc 9800 9.%4b
10tn 009 KSIOsLT 2543c 25950c 28dbc 287bc  144.33bc 147.33h 10233h 103670 2840c 29000 953c 967C
Zeolitefed? 20g K:SiOsL! 2613a 268% 293 299 14767a 15100a 10433a 107.33a 29.17a 2984a 1006a 1017a
Without 009 K:SiOsLT 2075p 21151 2450p 220im 11267/mn 11633k 7867k 81001 2369 2426k 541p 549p
zeolitt 209 KiSiOsL! 21120 2176k 221no 225K 11467m  117.67if 8033k 8267k 24050 2453 5840 593
71on Zeolite 0.0g KoSIOsLT 2380h  2405f 2580h 264  132.33g 13200 92.33¢f 9367ef 2659n 2718 808h 821h
fedl 200 K:SIOsL! 2441f 2465 269f 276de 13867¢ 14067cd M.33de 97.33d  27.38f 2804cd 8.74F 8:86f
10tn  00g KSIOsLT 24129 245de 263fg 2.70ef 13567f 13767d 9367e 9567de 2703y 2757de 844y 8549
Zeolitefed 209 KoSiOsL™ 24766 2526d 274de 28lcd 14033de 142.33c 97.33cd 10067c 27.70e 2817cd 903 9.17e
Without 009 KzSiOsLT 1094r 2007/n 201q 204n 110330 11233k 7533m 77.33m 22.76r 23191 471r 48l
zeolite 209 KiSiOsL! 2036q 2078m 208p 213m 1123300 11367k 7600im 7767m 23229 2371k 497q 5029
7ton Zeolite 0.0g KoSIOsLT 2157/ 2220] 226mn 23LK 117671 121330 8233 8367k 2434n 2490j 6190 62/n
fedl  20g K:SiOsL! 22361 22821 238K 241hi 12233k 12467fch 8533hi 87.33hi 25101 2573gh 6841 697l
10tn 009 KSIOsLT 220Im 22671 233m 238 12033k 12233gh 84001 8567 24.75m 2537hi 653m 6.60m
Zeolitefed? 20g KoSiOsL! 2277k 2322h 244k 248ch 12333i 12567fy 87.33gh 89.00gh 2550k 25.88gh 7.3k  7.24K
LSD a5 020 049 007 008 206 _ 410 330 246 020 074 021 008

days

days

Irrigation every 8 lrrigation every 6

Irrigation
every10 days

Table 3. Impact of irrigation intervals, zeolite soil addition and foliar application with potassium silicate on some
quality traits of rice grain during two growing seasons of 2019 and 2020.

Characters Protein % Carbohydrates %
Treatments 2019 2020 2019 2020
Irrigation intervals
Irrigation every 6 days .19a 8.31a 68.76a 70.27a
Irrigation every 8 days 7.29b 7.40b 67.07b 68.49b
Irrigation every 10 days 6.39¢c 6.48¢c 65.33¢c 66.67¢
LSD at5% 0.02 0.05 1.45 0.14
Zeolite application
Without zeolite 6.40c 6.50c 65.30c 66.75¢
7 ton Zeolite fed™ 7.64b 7.76b 67.75b 69.19b
10 ton Zeolite fed™* 7.83a 7.92a 68.11a 69.48a
LSD at5% 0.02 0.04 0.32 0.18
Potassium silicate
0.0g KzSiOsL* 7.13b 7.24b 66.72b 68.25b
2.0g KoSiOs L 7.45a 7.56a 67.38a 68.70a
LSD at5% 0.02 0.08 0.56 0.18
009 KSiOsL?! Imgrgzt'ion 7.42f 66.79f-j 68.19f
. : .09 KaSiOsL- 24 A2fg 79+ .
vrication —thoutzeolite 50 KySios L 7.43i 7.50ef 67.26¢-i 68.82¢
eve?’y 7 ton Zeolite fed 0.0g KaSiOs Lt 8.33d 8.50b 69.18a-d 70.75b
6 days 2.09 KaSiOs L 8.73b 8.85a 69.78ab 71.18b
10 ton Zeolite fed: 0.0g KzSiOsL? 8.51c 8.53b 69.36abc 70.91b
2.0g K2SiOs L'i 8.93a 8.95a 70.21a 71.78a
. : 0.0g KzSIOsL- 6.04p 6.07k 64.62Imn 66.38i
vrication —thoutzeolite 50 KySios L 6.250 6.31] 65.03k-n 66.39i
eve?’y 7 ton Zeolite fed 0.0g K2SIiOs Lt 7.58h 7.69% 67.64d-h 69.13de
T B B e
. 1 .09 KaSiOsL- 799 . .97¢-g 40c
10ton Zeolite fed™ 55§ K,Si0s L 8.13¢ 8.20c 68.76a-¢ 69.87¢
. : 0.0g KzSIOsL- 5.64r 5.751 63.84n 65.14]
rication Without zeolite 509 KSi0s L™ 5.799 5 88K 64.28mn 65.62]
evegr’y 7 ton Zeolite feq? 009 KzSIOsL™ 6.44n 6.53i] 65.35j-n 66.93h
10 days 209 KaSi0s L 6.811 6.82h 66.14h-I 67.39gh
10 ton Zeolite fed: 0.0g KzSiOsL? 6.61m 6.68hi 65.751-m 67.42gh
2.09 KaSiOs Lt 7.03k 7.229 66.59g-k 67.53g
LSD at5% 0.06 0.23 n.s 0.53
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Table 4. Some soil properties as affected by studied treatments after harvesting rice plants (combined data over both

seasons).

Characters \ Treatments E.C,dS.m? C.E.C,cmolkg! Porosity, % F.C,%
Initial soil before transplanting 1.40 42.90 52.00 34.75
Withoutseojite 009 KaSIOsL? 145 44.10 52.33 35.13
209 KSiOs L 1.42 44.11 52.39 35.28
Irrigation every . 1 00g K:SiOsL? 1.65 45.92 53.22 36.44
6 days 7ton Zeolitefed™ ) 1\ Sios Lt 161 46.00 5331 3655
. 009 KzSiOsL~ 172 46.98 55.08 37.90

-1
10ton Zeolite fed™ ' 0\ sio0s Lt 1.66 47.03 55.23 38.18
: ) 009 KzSiOsL™ 151 4388 52.03 34.79
Withoutzeolite ) ' si0s Lt 147 43.90 5214 3491
Irrigation every 8 . . 0.0g K:SiosL* 181 45.59 53.93 36.06
days 7ton Zeolite fed™ ) 1\ Sios L1 176 45.62 53.04 36.16
) 009 KzSiOsL™ 187 46.59 54.79 37.37

-1
10ton Zeolite fed™ 5 ) 0 1o, 185 46.63 54.90 3755
: ) 009 KzSiOsL™ 158 4350 51.69 34.39
Withoutzeolite ) '\ Si, 1.54 43.60 51.82 3453
Irrigation every . 009 K:SiOsL? 1.95 4525 52.64 35.67
10 days 7ton Zeolite fed™ ) '\ sios Lt 1.90 45.25 52.71 35.80
) 009 KzSiOsL™ 2.05 46.37 5351 36.93

1
10ton Zeolite fed™ ) 0 1 sio0s Lt 198 46.42 53.60 37.08

Generally, zeolite is one way to prevent soil REFERENCES

moisture losses due to that aluminosilicates is scaffold
structure and water molecules occupation in its cavities and
removable in its structure so that ion exchange reactions and
dehydration do as reversible (Habashy and Abdel-Razek
2011; and Ozbahce et al. 2015)

Generally, it can be said that zeolite led to improving
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