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One of the new ways to save water and reduce irrigation costs is the use of
superabsorbents. Since the zeolite nanoparticle has a larger specific surface area, it
can absorb water and nutrients and release them when the plant needs them. A two-
year greenhouse experiment was conducted to investigate the effect of different
levels of irrigation and nanozeolite on growth indicators, relative water content and
ion leakage in basil plants. The experiment was done as chopped plots in the form of
randomized complete blocks with three replications. The experimental treatments
included irrigation levels at three levels (11 = 0.75 FC or underwatering, FC = 12 or
normal irrigation and 13 = 1.25 FC or overwatering) and nanozeolite superabsorbent
levels in four levels (Z0 without superabsorbent, Z5 five grams of superabsorbent per
kilogram of soil, Z10, 10 grams of superabsorbent per kilogram of soil and Z15 was
15 grams of superabsorbent per kilogram of soil). The results showed that with the
increase in drought severity, diameter and height growth and other traits such as the
number of leaves, leaf surface, weight of dry matter (biomass) of basil, the irrigation
level decreased significantly by 75Percent, leading to a decrease in vegetative traits, a
decrease in the relative water content of the leaves. and increased ionic leakage, also
the results showed that the use of nanozeolite has a significant effect at the level of
1Percent on the investigated parameters, so that the use of this superabsorbent in the
amount of 5 and 10 grams per kilogram of soil in all irrigation treatments (11, 12, 13) )
by increasing the height of the plant stem by 22 and 30Percent in two consecutive
years, as well as increasing the diameter of the basil stem by 33 and 29Percent
respectively, increasing the number of lateral branches of basil in two years by 90
and 89Percent, respectively. The increase in the number of basil leaves was 49 and
76Percent, respectively, and the growth of the leaf surface was also increased by 25
and 19Percent, respectively. The dry weight of the plant increased by 40Percent and
30Percent, respectively, and the relative water content of the leaves increased by
14Percent and 7Percent in two consecutive years. In electrolyte leakage, contrary to
the previous parameters, the application of superabsorbent reduced the ionic leakage
of basil, but with the application of low irrigation, we saw an increase in this
parameter. This study showed that there is a statistically significant difference
(P>0.5) in the yield of the crop among treatments Z5, There is no Z10.
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Table 1. Meteorological parameters for 2021-2022 growth season

Average air temperature Average relative Average pressure Radiation
Year Month C) humidity (%) (hPa) (w/im?)
2021 July 26.78 45.36 830.95 346.20
2021  August 26.20 42.34 833.36 325.78
2022 June 27.81 38.71 831.35 399.83
2022 July 27.84 37.82 831.40 414.70
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Table 2. Some physical and chemical properties of the soil samples
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Table 3. Chemical properties of hanozeolite
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Figure 1. Analysis of super absorbent nano particles by SEM method
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Table 5. Analysis of variance of irrigation and Nano Zeolite on aerial characteristics of basil (Mean square)

Source df Plant Stem Number of Number Leaf Dry Electrolyte Relative water
height diameter lateral stems  of Leaves Area weight leakage content
First Season
Repetition 2 44.4653"  0.2586" 14.1111" 332.5834"  737942.80ns 82.2807ns 17.3635ns 0.0008 ns
Irrigation 2 1032.4236™ 3.5462"  48.5278™ 1177.75™ 1774758.5521"  181.0427"  2494.2518"™ 0.1654™
Ei 4 4.4757 0.0167 0.3613 21.7084 194154.140 19.5954 14.3086 0.0006
Nano Zeolite 3 2685185 2.7086™  179.1389"  1606.6297"" 69336.0479™ 22.539™ 319.8888™ 0.0185™
Irrigation"NanoZeolite 6  9.1644™ 0.078™ 0.9722 ns 87.8241™  12402.376ns 6.6959ns 174.9497™ 0.0062 ns
Error 18 1.4350 0.1400 0.8330 5.3700 10856.787 3.2220 16.6010 0.0020
Coefficient of variation( %) - 2.22 9.3341 6.2823 3.61 11.96 18.8040522 13 5.711
Second Season
Repetition 2 63.2708™  0.2655" 103.861" 551.6944"  383616.72ns 60.7656" 34.6495™ 0.0005 ns
Irrigation 2 1490.0834™ 3.4197™ 31.861™ 2010.11" 1162457.6703"  122.368™  1007.9137" 0.1219™
Ei 4 3.2604 0.0334 1.4860 49.2778 110747.548 6.3639 7.3732 0.0006
Nano Zeolite 3 355.9514™ 15006  154.704™  1609.0649" 20708.4671" 5.4140" 192.2909™ 0.006™
Irrigation"NanoZeolite 6 18.6111™  0.0657" 2.454 ns 432.1482"  3141.5276ns 0.5996ns 82.6534™ 0.0003ns
Error 18 1.9120 0.4164 1.6480 27.4540 6894.323 1.0890 12.7400 0.0010
Coefficient of variation (%) - 2.77 20.0522  9.20613602 10.59 14.11 16.16865014 7.455382555  3.812896808

ns, *, ** denotes not significant, significant differences at P < 0.05, and significant differences at P <0.01 respectively.

Table 6. The results of the comparison of the average effect of the treatments on the growth and
physiological traits of basil using Duncan's multi-range test.

Source Number of Lateral stems Leaf Area Dry Weight Relative Water Content
First Season
11 12.83¢c + 2.37 490.7775¢ + 60.9 5.71¢c = 0.65 0.65b + 0.06
12 14b + 2.27 863.83b + 110.19 9.43b + 1.44 0.84a * 0.02
13 16.75a + 2.65 1259.81a + 258.63 13.48a * 3.14 0.86a + 0.02
Z0 9.89c + 1.1 798.23b + 270.2 8.27b + 3.15 0.72b + 0.09
Z5 17.89a + 1.21 858.16 b + 211.91 10.01ab + 2.44 0.79a = 0.06
Z10 18.78a + 1.68 997.89 a + 300.99 1158a + 2.71 0.8a + 0.05
Z15 1156 b + 0.82 831.61b + 210.91 83b + 247 0.82a * 0.05
Second Season
11 1258b + 2.93 273.25¢ + 36.96 346¢c £ 0.7 0.667 ¢ + 0.02
12 135b £ 241 596.45b + 86.12 6.087b £ 1.24 0.8202b * 0.02
13 15.75a + 2.74 895.57 a + 184.68 9.8la + 19 0.85778 a + 0.01
Z0 9.33¢c + 1.87 555.57 b + 206.76 5.64c + 2.17 0.744b + 0.05
Z5 17.22a + 1.8 578.92ab + 174.5 6.79ab + 2.07 0.783a * 0.06
Z10 1767a + 2 658.78 a + 190.12 7.36a = 2.17 0.7969 a + 0.05
Z15 1156b + 1.64 560.43b + 209.55 6.01bc + 1.89 0.801a + 0.06

The means with the same letters are not significantly different at P > 0.05.
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Table 7. The results of comparing the average effects of irrigation and nanozeolite on plant height, stem
diameter, number of leaves, and electrolyte leakage of basil leaves, Duncan's test

Irrigation NanoZeolite Plant height Stem Diameter Number of Leaves  Electrolyte Leakage

First Season

Z0 36.5f + 0.87 295h + 0.04 4433fF + 1.2 46.578b + 3.03
11 Z5 49.67cd £ 0.33 3.9d £ 0.09 59d + 3.79 39.4351¢c * 1.22
Z10 51cd + 0.58 4.097 cd £+ 0.03 66.67¢c + 1.2 36.09 cd + 1.27
Z15 39.33e + 0.88 3.164g * 0.03 45.33ef + 291 63.92a + 3.13
Z0 49.17d + 1.42 3.62e + 0.17 49e + 252 37.62cd + 1.2
12 Z5 59b £ 1 3.97d + 0.04 82.33ab + 2.6 30.63de + 4.3
Z10 59.67b £+ 0.67 4.62b + 0.17 79b + 3.06 25.3ef £ 1.55
Z15 52¢ * 0.76 3.39f + 0.01 50e * 2.08 2527 ef £ 155
Z0 59b + 2.65 3.987d + 0.1 59.33d + 291 25,52 ef + 3.78
13 Z5 65.67a + 0.33 4.764b + 0.04 86.67a + 5.33 15.28 gh + 0.48
Z10 66.33a + 1.86 5.35a + 0.18 80.33b + 3.84 1161h + 1.24
Z15 59.33b + 2.35 4.287c * 0.16 68c * 6.11 18.83fg + 1.47
Second Season
Z0 32.67g * 0.93 245h + 0.01 33c * 4.93 62.56a + 2.49
11 Z5 41.17e = 0.73 2.78fg + 0.07 36.33¢c + 1.67 49.28 bc + 2.72
Z10 43.17e = 1.2 3.07de + 0.02 40c = 2.64 54.43b + 2.21
Z15 355f + 1 2.53gh £ 0.06 35c¢ + 1.15 66.97a + 4.96
Z0 41.17e + 0.83 2.87ef £ 0.22 39.67¢c = 29 46.15 cde + 0.56
12 Z5 58.5b + 0.87 3.24d = 0.04 56b + 2.31 39.91ef £ 137
Z10 59.33b + 2.91 3.7¢c = 0.09 63.33b + 6.44 42.15def + 0.8
Z15 45.83d + 1.42 2.85ef + 0.02 42.67c + 0.66 48.6 bc + 111
Z0 5433c + 24 3.35d + 0.21 36.33¢c + 3.38 47.42cd + 1.26
13 Z5 64a + 0.58 4.04b + 0.04 79.67a + 7.84 4472 cdef + 1.04
Z10 64.67a + 2.24 4.43a + 0.04 89a + 10 32979 £ 1.53
Z15 58.17b + 1.45 3.28d + 0.26 42.67c + 592 39.37f + 1.67
The means with the same letters are not significantly different at P > 0.05.
&5 i ¥
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Loy 9.0
1. Scanning Electron Microscope
2. Relative Water Content
3. Cell Membrane Stability
4. Electrical Conductivity
5. Electrolyte Leakage
6. Time-Domain Reflectometer
7. VVolumetric water content
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