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Introduction

Water scarcity is the most important factor limiting the production of agricultural products,
especially in arid and semi-arid regions. Application of some materials such as superabsorbent
polymers in soil increases water retention in soil and thus reduces water consumption and fertilizer
leaching. These materials can reduce the effects of dehydration on the plant and lead to increased
yield in arid and semi-arid regions. In order to investigate the effect of superabsorbent under water
stress conditions on yield, yield components and some physiological characteristics of corn,
experimental plots were conducted in the form of split plots in a randomized complete block design
in Gotvand region in Khuzestan province. Three treatments of Aquasorb 3005 (600,300,0 kg / ha)
Al, A2 and A3 and four irrigation strategies (50,75,100,125) percent of water requirement 11, 12, 13
and 14 in three replications for two growing seasons, respectively Summer 2019 and spring planting
2020) were considered. Irrigation planning, biological yield, harvest index and canopy cover were
measured at different stages of growth seasons, based on which a growth simulation model was
presented using AquaCrop software. The results of this test showed that the use of Aquasorb 3005
increased product performance by one percent. In addition, the results show the effect of
superabsorbent application and irrigation planning on improving water efficiency. The highest grain
yield in spring and summer cultivation was related to 12A3 treatment equal to 9055 and 9255 kg / ha,
respectively, and the lowest yield in both crops was related to 14A0 treatment equal to 5977 kg / ha in
spring cultivation and 6344 kg / ha in summer cultivation.

Methods

The effect of different types of superabsorbents under the same moisture conditions and the effect
of similar superabsorbents under different moisture conditions on saturation moisture, saturated
hydraulic conductivity and water infiltration in soil showed a significant increase in soil saturation


https://jise.scu.ac.ir/

18
Rahmani et al., 46 (3) 2023 DOI: 10.22055/JISE.2022.39161.1999

moisture by applying superabsorbent polymers. While hydraulic conductivity decreased saturation
and permeability because soil pores were blocked by the volume of swollen superabsorbents during
more frequent periods of drying (Yan and Shi 2013). Superabsorbents reduce the loss of water and
nutrients by increasing water storage capacity, and thus help the plant to use more of the solution
received in the production process, and thus improve the efficiency of water and fertilizer
consumption. (Ahrar and Delshad 2009). Increasing crop yield and of course increasing water use
efficiency, due to the use of superabsorbent materials due to increased water and food storage
capacity in the soil, reduced food leaching, rapid and optimal root growth with better food storage
and aeration in the soil ( Sharifian et al. 2013).

This study was conducted in two growing seasons (summer planting 2019 and spring planting
2020) in the northern region of Khuzestan (Gotvand city). Spring corn that is cultivated from early
March to late March and harvested in July. The planting date of summer corn is from the second half
of July to the tenth of August and its harvest takes place in late November and early December. The
corn seed used in this design for cultivation is Semon cultivar, which was used for cultivation in both
cropping seasons. This experiment was performed as fragmented plots based on randomized
complete blocks with three replications. The treatments used in this study included water stress at
four levels (100, 125, 75 and 50% of water requirement) as the main factor and crop management
treatments at three levels as a secondary factor in three replications. The amount of aquasorb 3005
superabsorbent was added to the test soil at three levels (zero, 300 and 600 kg / ha) according to the
experimental design (tablel). The amount of superabsorbent used was mixed with soil by hand and
with a shovel. The amount of superabsorbent required per plot at a depth of 30 cm (maximum root
density) is evenly distributed from the soil surface.

Table 1- Irrigation and superabsorbent treatments in spring and summer treatments

Soil-water scenarios First growing period Second growing period
. Irrigation Biomass Irrigation

Treatsment | A Biomass (kg/ha) (I;/|0|) water (ka/ha) (I;/|0|) water

M Sy (mm) M Sy (mm)
11A1 0 14700 231 49 15450 493 51

11A2 125 300 15600 247 51 640.1 15950 569 53 751.8
11A3 600 16450 264 52 16950 416 56
12A1 0 15250 252 51 15950 379 52

12A2 100 300 16550 287 53 556 17250 777 53 666.3
12A3 600 17300 302 55 18850 635 56
I13A1 0 15150 245 50 15450 321 52

I13A2 75 300 15500 268 53 489 16450 231 53 559.1
I3A3 600 16700 297 55 17650 503 55
14A1 0 13100 189 43 13200 265 39

14A2 50 300 13300 232 45 336.7 13650 379 42 445.8
14A3 600 13550 246 44 14150 351 45

I: irrigation (%); S: Aquasorb 3005 (kg/ha); M: mean; Sd: standard deviation; HI: Harvest index

Dimensions of each plot are 5 x 3 meters. The distance between each repetition is two meters and
the distance between irrigation treatments is two meters per repetition and the distance between plots
is considered per repetition meter. The longitude was 48 degrees and 48 minutes east and the latitude
was 32 degrees and 13 minutes north with 65 meters.

Irrigation system implemented in this drip irrigation project (type) with a diameter of 16.5 mm
irrigation strips and a distance between the drippers of 10 cm and a discharge of 3 liters per hour was
used. Also, pressure control and measurement of irrigation water in each treatment were performed
by adjustable valve and volume meter, respectively. The water source used was the main canal of
Karun agro-industry branching off from Gotvand regulatory dam. The crop irrigation program is
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summarized based on the scenarios defined in (Table 2). It should be noted that in spring cultivation
due to rainfall at the beginning of cultivation was not irrigated. After that, two irrigations were
applied equally at a depth of 20 and 29 mm for all treatments and then low irrigation scenarios were
performed. In summer planting, the first irrigation was done in the same way to establish the plant
and not to face stress before seed germination, according to the water requirement, and then irrigation
treatments were applied at four levels.

The error coefficients used for the model calibration process are the mean squared error square
(RMSE), the Nash-Sutcliffe efficiency index (NSE), the normalized objective function (NOF) and
the absolute error (MAE) for the simulated and observed performance output values. The criteria
used in this study are obtained using the following equations.

12100, = P)?

B R OR S @
NoF = RMSE _ 2210 — P)?/m (2)
(0] (0]
vag - 2=l Al A3)
n

In the above equations, Oi is the value observed in Experiment i, Pi, the predicted value in
Experiment i, O, the mean of the observed values, and n is the number of observational data. The
minimum RMSE value is zero and the model error will decrease as it approaches zero. The NSE
index varies infinitely from one to negative, with values close to one being the best answer.

Table 2- Irrigation plans in spring and summer cultivations

Spring cultivation Summer cultivation

Iy I3 I, Iy Iy I3 I, Iy
Mm Mm Mm Mm Day Date mm Mm Mm mm Day Date No
20 20 20 20 1 99.1.3 32 32 32 32 1 98.4.25 1
29 29 29 29 3 99.1.5 32 32 32 32 2 98.4.26 2
124 161 185 215 5 99.1.7 30 30 32 30 3 98.4.27 3
16.1 215 25 26.5 11 99.1.13 34 34 34 34 7 98.4.31 4
18 23 28 34.2 18 99.1.21 35 35 35 35 13 98.5.6 5
144 185 26.6 323 24 99.1.27 21 21 21 21 17 98.5.10 6
135 199 25 317 33 99.2.5 141 18.7 24 28.5 22 98.5.15 7
155 244 325 36.3 40 99.2.12 30.3 39.8 48.4 56.5 28 985.21 8
10.1 166 21.2 22.6 47 99.2.19 29.2 47.4 54.4 62.1 34  985.27 9
13.3 19 242 26.2 53 99.2.25 26.2 39.3 54 63.6 40 98.6.2 10
175 29.2 32 34.8 60 99.3.1 24.2 31.2 441 56 46 98.6.8 11
145 221 292 35.8 65 99.3.6 31.3 43.2 58.5 60.6 51 98.6.13 12
135 192 241 32 70 99.3.11 21.8 34 49.2 61.6 57 98.6.19 13
175 282 32 38.8 76 99.3.17 18.1 29.4 35.3 43 64  98.6.26 14
142 197 222 29.2 82 99.3.23 18 24.1 31.3 38.3 71 98.7.2 15
14 185 26 325 88  99.329 12 18.1 22.3 27.1 78 98.7.9 16
19 36 42 44 .4 93 99.4.3 9.8 14.4 19.2 21.1 88  98.7.19 17
20 34 38 43.4 97 99.4.7 8 10.1 11.8 14.1 96  98.7.27 18
244 285 34 389 101 994.11 6.6 8.8 10.2 13.1 103 98.8.4 19
198 21.2 26 30 104 99.4.14 6.1 8.3 10 11.8 110 98.8.11 20
6.1 8.3 9.6 104 121 98.8.21 21
336.7 489 556 640.1 4458 559.1 666.3 751.8 Total(mm)

1,=50%water requirements«l3-75%:1,=100%:¢1,-125%
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Results

Table (3) shows the variance test for significant evaluation of the effect of treatments and
replications. As shown in the table, the effect of replication on the mean biological yield was not
significantly different. The results showed that the effect of different levels of irrigation and
application of polymer adsorbents as well as their interaction caused a significant difference in the
probability level of 0.01. Therefore, according to the results, improving soil and water conditions can
have a positive effect on crop production. There is a significant difference in comparing the average
biological yield in different irrigation and superabsorbent treatments in spring cultivation. In summer
cultivation, there is a significant difference compared to the average biological yield in different
irrigation treatments and the treatment of 100% water requirement is more effective and the
treatment is significant, but in superabsorbent treatments, there is no significant difference in
treatments A2 and Al, but with treatment. A3 have significant differences.

Table 3- Analysis of variance to evaluate the effect of treatments and replications on biomass
Source of variation  Degree of freedom Sum of squares Mean square F

Replication (R) 2 1128732 493691 13.4™
Irrigation (1) 3 637827382 19244365  86.4"
Error | 6 1463284 228235
Aquasorb 3005 (A) 2 14765843 7074537  91.37
Error A 4 335837 82432
Ax| 6 1034586 169453 68.7"
Error Al 12 207894 17534
Total 35 656763558

** * and respectively are significantly at the level of one percent, five percent and no significantly.

Conclusion

The results showed that with increasing drought stress, yield decreased significantly. The reason
for this can be attributed to the effect of drought stress by reducing leaf area index and disruption of
the process of absorption and transport of nutrients, which ultimately reduces the supply of nutrients
Results in reduced performance. Meanwhile, the presence of superabsorbent has been able to store
water and nutrients and release it under stress conditions, finally provide sufficient nutrients for the
plant and prevent a significant reduction in yield. Therefore, by using superabsorbent, it is possible to
achieve acceptable yield and increase water consumption efficiency by using less water. As a result,
in saving water consumption, by saving water, the area under cultivation is increased. In general, it
can be concluded that the use of superabsorbent polymer due to improved root ventilation, by
absorbing gravity water in a relatively short time after irrigation and also preventing soil compaction,
creates a very suitable environment for the plant and the plant in These conditions absorb water and
salts better. Regarding the nutritional effects of this polymer, it can be said that these compounds
increase the air in the soil, cause better efficiency of some types of chemical fertilizers and better
activity of soil microorganisms, or due to having a negative charge in the hydrated state, the
possibility of absorbing some ions. Have a positive in the soil.
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Table 1-Physical and chemical properties of farm

Organic P K pH EC Po PWP FC Texture Depth
Carbon(%)  (ppm)  (ppm) (ds/m)  (griem®)  (%On)  (%On) soil Of soil(cm)
0.731 29.2 385 7.36 0.85 1.54 9 25 Silt- 0-30

Loam
0.341 17.3 255 7.65 0.48 1.59 11 26 Silt- 30-60

Loam
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Table 2- Climatic parameters for two growing seasons

Growing season Month Temperature Relative humidity  Precipitation
Max °C  Min °C % mm
July 43.2 19.2 15 0
August 41.8 15.4 28 0
2019 September 36.8 11.2 34 0
October 321 8.4 41 0
November 27.4 5.2 47 12
March 18.2 4.3 46 46
April 22.7 11.3 38 16
2020 May 314 14.6 27 17
June 33.2 15.4 17 0
July 34.6 16.1 16 0
17 14
Al A3 A2 A3 Al a2 R,
{3 41 A2 Al 42 13 R
13 12 17 13 17 i2 R
Fig.1- Experimentai farm structure
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Table 3- Irrigation plans in spring and summer cultivations
Summer cultivation Spring cultivation
L0 I3 Iy Iy I I3 Iy
No Date Day mm mm mm mm Date Day mm mm mm mm
1 98.4.25 1 32 32 32 32 99.1.3 1 20 20 20 20
2 98.4.26 2 32 32 32 32 99.1.5 3 29 29 29 29
3 98.4.27 3 30 32 30 30 99.1.7 5 215 185 16.1 12.4
4 98.4.31 7 34 34 34 34 99.1.13 11 26.5 25 215 16.1
5 98.5.6 13 35 35 35 35 99.1.21 18 34.2 28 23 18
6 98.5.10 17 21 21 21 21 99.1.27 24 323 26.6 185 14.4
7 98.5.15 22 28.5 24 18.7 141 99.2.5 33 31.7 25 19.9 135
8 98.5.21 28 565 484 398 303 99.2.12 40 36.3 325 244 155
9 98.5.27 34 62.1 54.4 474 29.2 99.2.19 47 226 212 166 10.1
10 98.6.2 40 636 54 39.3 262 99.2.25 53 26.2 242 19 133
11 98.6.8 46 56 441 312 242 99.3.1 60 34.8 32 29.2 175
12 98.6.13 51 60.6 58.5 432 313 99.3.6 65 358 292 221 145
13 98.6.19 57 616 49.2 34 218 99.3.11 70 32 241 192 135
14  98.6.26 64 43 35.3 294 181 99.3.17 76 38.8 32 28.2 175
15 98.7.2 71 38.3 31.3 24.1 18 99.3.23 82 29.2 222 197 14.2
16 98.7.9 78 27.1 22.3 18.1 12 99.329 88 325 26 185 14
17 98.7.19 88 21.1 19.2 144 938 99.4.3 93 444 42 36 19
18  98.7.27 96 14.1 11.8 10.1 8 99.4.7 97 434 38 34 20
19 98.8.4 103 131 10.2 8.8 6.6 99.4.11 101 389 34 28.5 24.4
20 98.8.11 110 118 10 8.3 6.1 99.4.14 104 30 26 21.2 19.8
21 98821 121 104 9.6 8.3 6.1
336.7
Total(mm) 751.8 666.3 559.1 445.8 640.1 489
556

1,-50%water requirements«l3-75%:1,=100%:1,-125%
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Table 4- Irrigation and superabsorbent treatments in spring and summer treatments

Soil-water scenarios

First growing period

Second growing period

Biomass HI Irrigation  Biomass HI Irrigation

Treatments | A (kg/ha) (%) water (kg/ha) %) water

M Sy (mm) M Sy (mm)
11A1 0 14700 231 49 15450 493 51

11A2 125 300 15600 247 51 640.1 15950 569 53 751.8
11A3 600 16450 264 52 16950 416 56
12A1 0 15250 252 51 15950 379 52

12A2 100 300 16550 287 53 556 17250 777 53 666.3
12A3 600 17300 302 55 18850 635 56
I13A1 0 15150 245 50 15450 321 52

I3A2 75 300 15500 268 53 489 16450 231 53 559.1
I3A3 600 16700 297 55 17650 503 55
14A1 0 13100 189 43 13200 265 39

14A2 50 300 13300 232 45 336.7 13650 379 42 445.8
14A3 600 13550 246 44 14150 351 45

I: irrigation (%); A: Aquasorb 3005 (kg/ha); M: mean; Sd: standard deviation; HI: Harvest index

gem Shes 3 1S 9 slesd T (0551 S b9 433 -0 Jaur
Table 5- Analysis of variance to evaluate the effect of treatments and replications on biomass

Source of variation

Degree of freedom  Sum of squares

Mean square F

Replication (R)
Irrigation (1)

Error |

Aquasorb 3005 (A)
Error A

AxI

Error Al

Total

1128732
637827382
1463284
14765843
335837
1034586
207894
656763558

493691 13.4"™
19244365 86.4"
228235
7074537 91.3"
82432
169453 68.7"
17534

** * and respectively are significantly at the level of one percent, five percent and no significantly
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Fig. 2- Comparison of yield production in different treatments for spring cultivations

oslg Sl 58 L3l pgws ST Calize S slowd 3o &1 S ylos dug lio -V S



DOI: 10.22055/JI1SE.2022.39161.1999

YA

g s 3l oslizal s T 25 36 0Les 5 Sl

10000

8000 |

4000

grain yield(kg/ha)
2
g

2000

125 100 75
irrgation treatments

10000 - a
b

8000 b

6000

4000

2000 F

0 300 600
super absorbent treatments(kg/ha)

Fig. 3- Comparison of yield production in different treatments for summer cultivations
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Table 6— Analysis of variance of the irrigation and superabsorbent effects on plant in spring cultivation

Average squares Number of grain

Sou.rcg of of biological I—!arvest Rows per corn Weight of one Cob
variation X index Hundred seeds length
yield cob
ReplicationR) 2 ™0.13 24.11™ 274.75"™ 151™ 0.33™
Irrigation(l) 3 7.13" 176.40" 64046.62" 1056.76 " 39.06"
Error 6 0.25 4.96 167.04 60.85 0.48
Aquasorb o o o - -
3005 (A) 2 5.40 21.19 98205.08 1487.25 88.58
Error A 4 0.07 2.77 262.08 75.87 0.41
IxA 6 0.59" 7.15 1138.15™ 94.54" 1.62"
Error 1A 12 0.14 3.79 284.65 40.37 0.45

** * and respectively are significantly at the level of one percent, five percent and no significantly.

liwgl Sl 55 oS OBr 19w 9 SolT ST Wilislg 4 x5 - Y 9o
Table 7- Analysis of variance of the irrigation and superabsorbent effects on plant in summer cultivation
Average Number of

. Weight of one
Source of squares Harvest grain
variation of biological index Rows per H:;e%rsd Cob length
yield corn cob

Replication(R) 2 0.96" 66.36™ 2086.77"™ 8.58™ 0.08™
Irrigation(l) 3 23.80** 150917 116736.91" 907.40"™ 55.33"
Error 6 0.14 3.80 4773.11 11.21 0.52
?gg’;‘s(oAr)b 2 001" 881" 124016.19%* 48233 70.08"
Error A 4 0.40 16.52 869.77 8.79 0.66
Axl 6 0.35™ 10.22"  1927.30™ 2.62" 0.86"
Error I1A 12 0.29 17.52 861.66 5.47 0.22

** *and respectively are significantly at the level of one percent, five percent and no significantly
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Analysis of variance of the irrigation effect on plant in spring and summer cultivations—Table 8

Cultivation Blol_oglcal Grain yield Harvest Cob !\Iumber of Weight of one
season Treatment yield (kgih) index(%) length grainpercom o red seeds
(kg/ha) (cm) cob
Iy 15560b 7778b 51.77a 19.22b 503b 205ab
Spring I, 16560a 9055a 53.77a 20.77a 555a 213a
I3 16144ab 8800ab 54.66a 20.22ab 567a 218a
N 14510c 5977c 44.88b 16.11c 382c 193b
Iy 16111b 8789 53.22a 20.11b 528b 207b
Summer I, 17733a 9255a 53.55a 23.11a 668a 214a
I3 16533b 9011a 53.44a 22a 603ab 211ab
ly 13844c 6344b 45.22a 17.44c 403c 192¢

(A0 0 ) 1 Olaedo! mlaw) 4wl § 05l Cuis™ 13 obS p OB g gu FT Silko 4w lio-1 Jeuo

Table 9— Analysis of variance of the superabsorbent effect on plant in spring and summer cultivations

Cultivation Treatment Biological yield Grain yield Harvest Iecrgzh glruambggr co(r)r: Weight of one
season (kg/ha) (kg/h) index (%) (cm) cob hundred seeds

Ay 15204c 7225b 49.75a 16.25¢ 407c 197b
Spring A, 15656b 7735b 52.16a 19.33b 512b 204b

Ag 16378a 8748a 51.91a 21.66a 587a 219a

A 15266b 7500b 49.25a 18.25¢c 441c 199c
Summer A 15916b 8250b 50.41a 20.66b 568b 206b

As 16983a 9300a 50.41a 23.08a 642a 212a

(Confidence level: 1%)
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Fig.4— Comparison of era length in different treatments of water and super absorbent in spring

cultivations
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Fig.5- Comparison of era length in different treatments of water and super absorbent in summer

cultivations
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Fig.6- Comparison of era diameter in different treatments of water and super absorbent in spring
cultivations
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Fig.7- Comparison of era diameter in different treatments of water and super absorbent in summer
cultivations
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Fig.8- Comparison of the number of seed rows in different treatments of water and super absorbent
in spring cultivations
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Fig.9- Comparison of the number of seed rows in different treatments of water and super absorbent
in summer cultivations
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