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Introduction

Drought and water shortage in Iran is a climatic fact and due to the growing need for water in different
sectors, this problem will become more acute in the coming years. Therefore, managing water
consumption and applying advanced techniques in the agricultural sector as the largest consumer of
water in the country, can be very helpful. One of the most effective strategies to improve water
productivity in agricultural sector is to use hydrogel polymers to improve soil texture, increase soil
water retention, reduce erosion and increase germination (Nirmala and Guvvali, 2019). However, in
general, due to differences in the synthesis and chemical structure of polymers, the water uptake and
storage capacity of these hydrophilic polymers are different, and hence their effect on changes in soil
moisture and storage capacity will be very different (Yu et al ., 2017). The aim of this study was to
investigate the effect of different levels of Aquasource hydrogel on yield, yield components and water
productivity of peppermint (Mentha piperita) at different irrigation intervals.

Methodology

In order to evaluate the effect of Aquasource hydrogel on yield, yield components and water
productivity of peppermint, factorial experiments were carried out in completely randomized design
with 3 replications. Factors were different levels of Aquasource (0 (control), 0.5, 1 and 2% by weight
of polymer/soil) and three irrigation intervals (2, 4 and 6 days). Moreover, the efficiency of this
polymer was evaluated by examining some soil physical properties before planting and after harvest.
The hydrogel used in this study was Aquasource, a product of Armenia. Aquasource is a new
generation of potassium-based polymers that is sterile, non-toxic, biodegradable, free of acrylamide
compounds and stable in a wide range of climatic conditions.
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Findings

The results of variance analysis and mean comparisons based on Duncan's test showed that yield and yield
components of peppermint were affected by the use of Aquasource hydrogel (Table 1). Application of 0.5 (% w/w)
of hydrogel did not have a significant effect on aerial body weight, leaf weight and essential oil of peppermint
compared to control treatment, but it affected the weight and root length parameters. Increasing the consumption
of hydrogel to 1 and 2 (% w/w) reduced the yield and yield components of pepermint compared to the 0.5 (% wi/w)
treatment, and in some cases these values were even lower than those of the control treatment. The highest and
lowest root weights with values of 1.122 and 0.223 (kg/m?) were obtained in 0.5 and 2 (% wi/w) treatments,
respectively, in the 2-day irrigation interval. Besides, the highest (33.4 cm) and lowest (10.6 cm) root lengths were
obtained in 0.5 and 2 (% w/w) treatments, respectively, in the 2-day irrigation interval. Increases in root length
and weight have been reported with the use of hydrogel polymers in chickpea plants (Farhadian and Eisvand,
2017) and sugar beet (Khalili and Hamzeh, 2019). Due to its expansion and contraction, hydrogel improves the
physical condition and pores of the soil, and on the other hand, due to water retention and making it available to
the plant, hydrogel improves root growth. The highest leaf weight and essential oil percentage with values of 630.6
(9/m?) and 0.26% were obtained in the control treatment in the 2-day irrigation interval, which were in the same
statistical group with the 0.5 (% w/w) treatment. The lowest leaf weight and essential oil percentage were obtained
with values of 79.6 (g/m?) and 0.57% in the 2 (% w/w) treatment in the 2-day irrigation interval. Abedi-Kopai and
Masforosh (2009) also stated that the optimal limit of using A-200 hydrogel polymer in greenhouse cucumber
cultivation is 4 grams of hydrogel per kilogram of soil. They reported that increasing hydrogel consumption
reduced yield, which they attributed to the reduced soil ventilation. On the other hand, the use of Aquasource
significantly reduced water consumption. Therefore, the use of Aquasource at 0.5 and 1 (%w/w) levels led to an
increase in water productivity (WP). The highest WPs for leaf (3.08 kg/m?) and essential oil (0.159 cc/lit )
production were obtained in the 1 (% w/w) treatment in the 4-day irrigation interval. The lowest WPs in leaf and
essential oil production were achieved with the highest level of hydrogel application (Table 1).

Table 1- Comparison of simple and interaction effects of hydrogel levels and irrigation intervals on yield
and yield components of peppermint

Irrigation Hydrogel level (Yow/w)
Parameters interval Average
(day) 0 0.5 1 2

2 630.6 a 627.4a 541.4b 796¢ 469.7 A

Leaf Weight 4 506.4 b 507.4 b 4426 ¢ 249.5d 426.5B

(gr/m?) 6 432.1¢ 443.7 ¢ 399.2 ¢ 294.1d 392.3C
Average 523.0 A 526.2 A 461.1B 207.7C

2 2.06a 2.03a 1.33b 057¢ 150 A

Essential oil 4 1.86a 187a 1.80a 0.93 cd 1.62 A

(%) 6 1.20 be 1.13 be 0.80 de 0.70 de 0.96 B
Average 171 A 1.68 A 1.31B 0.73C

2 2472 a 222.1b 179.0 cd 86.4 g 1837 A

Water 4 200.7 be 172.7d 144.2 ef 1276 f 1613 B

consumption 6 185.9 cd 162.9 de 1385 f 126.7 f 153.5 B
(mm) Average 2113 A 185.9 B 153.9C 1136 D

2 2.55ab 2.83ab 3.06a 0.96d 2.35B

WP for leaf 4 253 ab 2942 3.08a 1.98¢ 263 A

prﬁd“‘?“;’” 6 2.33 be 2.72ab 2.88 ab 2.36 be 257 AB
(kg /m) Average 2478 2.83A 3.00 A 176 C

WP for 2 0.107 cde 0.117 bed 0.096 def 0.085 ef 0.101B

essential oil 4 0.119 bc 0.140 ab 0.159a 0.093 ef 0.127 A

production 6 0.082 f 0.088 ef 0.074 f 0.073 f 0.079C
(cc /lit) Average 0.103 A 0.114 A 0.110 A 0.083C

*- Similar letters in each column indicate a difference between the means at the 5% probability level based on the Duncan's
test.
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Examination of some soil physical parameters showed that the use of Aquasource and increasing
the level used, increased the moisture at saturated condition (SC) and field capacity (FC) (Fig. 1). The
highest amounts of SC (53.7 %V) and FC (31.7 %V) were obtained with the use of 2 (% w/w) of
Aquasource, and the control treatment had the lowest amounts of SC (32.5 %V) and FC (20.6 %V).
Besides, with the use of Aquasource and increasing the level of its use, the amount of moisture at the
permanent wilting point (PWP) increased. In addition, the highest (13.8 %V) and lowest (7.7 %V)
amounts of plant available water (AW) were achieved at the 0.5 and 2 (% w/w) treatments, respectively
(Sepehri et al., 2020).
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Fig. 1- Moisture of soil samples before planting due to the application of different levels of Aquasource
hydrogel

The results of the t-test showed that the SC and FC of soil samples in the 2-day irrigation interval
by using the highest level of Aquasource (2% w/w) after the end of the planting period have significant
differences with pre-planting conditions. Therefore, the hydrogel used in this condition has lost some
of its efficiency in several cycles of wetting and drying. However, these two parameters did not differ
significantly from pre-planting conditions at the other levels of using Aquasource (0.5 and 1 % w/w)
and at other irrigation intervals (4- and 6-day). In addition, the amounts of PWP and AW after the end
of planting period were not significantly different from the pre-planting conditions at any of the levels
of hydrogel use and irrigation intervals.

Conclusion

Application of 0.5 (% w/w) of Aquasource hydrogel polymer had no significant effect on leaf
weight and essential oil of peppermint. The use of higher amounts of this hydrogel (1 and 2% w/w)
had some negative effects on leaf weight and plant essential oil. However, the use of Aquasource and
increasing the levels used from 0 to 2 (% wi/w) significantly reduced the water consumption of
peppermint. Therefore, with the use of Aquasource, the moisture in the soil-polymer system was higher
than the control treatment (without the use of Aquasource), and with the increase in the amounts of
polymer used, the moisture also increased. However, considering that the lowest water productivity
was achieved at the highest level of polymer application, it can be concluded that although Aquasource
has a good ability to absorb water, it is not able to drain moisture properly and stored water is not well
available to the plant. Furthermore, the efficiency of Aquasource at the end of the planting period, in
the short irrigation interval and in the conditions of application of high levels of hydrogel, was
somewhat reduced. Therefore, the use of Aquasource hydrogel in appropriate amounts (about 0.5 to
1% by weight of hydrogel/soil) in arid and semi-arid regions without proper water resources can lead
to a reduction in water consumption and ultimately improve water productivity. However, in order to
exploit this polymer optimally, determining the appropriate amount of its use according to the type of
plant and determining the appropriate irrigation interval have decisive roles.
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Table 1- Physical characteristics of the soil sample

Sand Silt Clay

FC (%) PWP (%)

2598 4466 29.36

20.62 9.07

ookl 8550 I dig0d g bl Olasiin -Y Jgu>
Table 2- Chemical characteristics of the soil sample

EC Cations (meg/lit)
@m P M@ @ o

Anions (meg/lit
(mea/liv Sum of

HCO;? cL? SO, anions

212 701 38 1035 g5

5 625 817 19

03185 T 39508 soaly (I Olaselo -1 Jgur
Table 3 - General specifications of Aquasource hydrogel polymer

Shape

Size of pH of aqueous
fraction solution

Density . Swelling Index in
(g/cm?) Moisture tap water (g/g)

White granules

1pum- 3mm 6-7

0.5 <10% 1:400
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Table 4- Variance analysis of yield and yield components of peppermint under different treatments

Average of squares

Sources of changes ofofgerggm Root weight  Root length  Aerial weight  Leaf weight  Essential
(kg/m?) (cm) (kg / m?) (gr/m?) oil (%)
Hydrogel levels (A) 3 0.48 ** 631.4 ** 0.78 ** 204830.1**  1.86**
Irrigation interval (B) 2 0.19 ** 128.6 ** 0.19* 18098.3 **  1.48 **
AxB 6 0.11 ** 26.0 ** 0.05"™ 30839.6 **  0.23 **
Error 22 0.004 4.69 0.05 965.2 0.02
Coefficient of : 216 14.9 205 17.1 18.9

variation (%)

ns= non-significant, ** and * are significant at 1% and 5%, respectively.

iliseo Sl slow i dald elin T OB pan (539058 § (D yao ST (il 1y i 0 J9ua

Table 5- Variance analysis of water consumption and water productivity of peppermint under different

treatments
Average of squares
Sources of changes Degree Water_ Water producti\{ity Water. pro_ductivity for
of freedom consumption  for leaf production  essential oil production
(mm) (kg/m?) (cc/lit)
Hydrogel levels (A) 3 16028.4 ** 2.71 ** 0.002 **
Irrigation interval (B) 2 2940.9 ** 0.25* 0.007 **
AxB 6 2084.5 ** 0.48 ** 0.001 **
Error 22 175.0 0.088 0.001
Coefficient of variation (%) - 17.0 13.3 20.8

ns= non-significant, ** and * are significant at 1% and 5%, respectively.
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Table 6- Comparison of simple and interaction effects of hydrogel levels and irrigation intervals on yield
and yield components of peppermint

Irrigation Hydrogel level (Y%ow/w)
Parameters interval Average
(day) 0 0.5 1 2
2 1.036 a 1122 a 1.030 a 0.223 e 0.853 A
Root weight 4 0.899 b 1.053 a 0.917b 0.517d 0.847 A
(kg/m?) 6 0.610 cd 0.723 ¢ 0.612 cd 0.573d 0.630 B
Average 0.848 B 0.966 A 0.852 B 0.438C
2 32.4a 33.4a 316a 106 e 26.98 A
Root length 4 27.8b 32.0a 25.2 bc 124¢ 24.35B
(cm) 6 22.6 cd 26.7b 20.4d 12.2¢e 2048 C
Average 27.59 B 30.69 A 25.71B 11.76 C
Aerial 2 1.106 a 1.158 a 0.946 ab 0.230d 0.860 A
weight 4 0.788 ab 0.848 ab 0.639b 0.322 cd 0.663 AB
(kg / m2) 6 0.639 bc 0.702 b 0.564 bcd 0.283 cd 0.548 B
Average 0.844 A 0.902 A 0.734 A 0.278 B
2 630.6 a 627.4a 541.4 b 79.6¢e 469.7 A
Leaf weight 4 506.4 b 507.4 b 4426 ¢ 249.5d 426.5B
(gr/m?) 6 432.1¢c 443.7 ¢ 399.2¢ 294.1d 392.3C
Average 523.0 A 526.2 A 461.1 B 207.7C
2 2.06a 2.03a 1.33b 0.57e 150 A
Essential oil 4 1.86a 1.87a 1.80a 0.93 cd 1.62 A
(%) 6 1.20 bc 1.13 bc 0.80 de 0.70 de 0.96 B
Average 171 A 1.68 A 1.31B 0.73C

*- Similar letters in each column indicate a difference between the meanings at the 5% probability level based on the Duncan's

test.
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Table 7- Comparison of simple and interaction effects of hydrogel levels and irrigation intervals on
water consumption and water productivity (WP) of peppermint

Irrigation Hydrogel level (Y%ow/w)
Parameters interval Average
(day) 0 0.5 1 2
Water 2 2472 a 222.1h 179.0 cd 86.4 g 183.7 A
consumption 4 200.7 bc 172.7d 144.2 ef 1276 f 161.3B
(mm) 6 185.9 cd 162.9 de 138.5f 126.7 f 153.5B
Average 211.3A 185.9B 153.9C 1136 D
WP for leaf 2 2.55ab 2.83ab 3.06 a 0.96d 2.35B
production 4 2.53ab 294 a 3.08a 1.98¢ 2.63 A
(kg /m?) 6 2.33bc 2.72 ab 2.88 ab 2.36 bc 2.57 AB
Average 2.47B 2.83A 3.00 A 1.76 C
WP for 2 0.107 cde  0.117 bed 0.096 def 0.085 ef 0.101B
essential oil 4 0.119 bc 0.140 ab 0.159 a 0.093 ef 0.127 A
production 6 0.082 f 0.088 ef 0.074 f 0.073 f 0.079C
(cc /Nit) Average 0.103 A 0.114 A 0.110 A 0.083C

*- Similar letters in each column indicate a difference between the meanings at the 5% probability level based on the Duncan's

test.
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Fig. 1- The yield of peppermint versus the amount of water consumed at different levels of application of
Aquasource hydrogel
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Fig .2- Moisture of soil samples at saturated condition (SC), field capacity (FC), permanent wilting point
(PWP) and plant available water (AW) before planting due to the application of different levels of
Aquasource hydrogel
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Table 8 - Statistical analysis of soil physical parameters based on T-Test

Moisture Irrigation Hydrogel level (%ow/w)
interval 05 1
(%V)
(day)  average  ttest average  t-test  average  ttest  average  t-test

Saturate 2 3249 0.040ns  40.12 0.482 ns 42.68 1.121 ns 50.38 3.794 *
d point 4 3251 0.028ns  40.35 0.325 ns 42.72 0.944 ns 51.02 2.67 ns
6 3247 0.064ns 40.57 0.133 ns 43.92 0.224 ns 51.40 2.58 ns
Field 2 20.52 0.155ns 24.01 0.235ns 25.21 1.840 ns 29.61 5.292 *
capacity 4 20.56 0.093ns 24.06 0.174 ns 25.65 1.40 ns 31.33 0.764 ns
6 2054 0.129ns  24.07 0.153 ns 25.67 0.949 ns 31.41 0.311 ns
Permane 2 9.03 0.061ns  10.30 0.974 ns 12.07 0.517 ns 23.12 1.181ns
nt 4 9.05 0.036 ns 10.32 0.897 ns 12.48 0.869 ns 23.86 0.890 ns
"ggmg 6 9.02 0095ns 1034 0934ns 1249 0.836ns 2390  0.923ns
Plant 2 1148 0.123ns 13.71 0.101 ns 13.14 0.184 ns 6.49 1.380 ns
available 4 1151 0.078ns 13.75 0.052 ns 13.17 0.127 ns 7.48 0.212 ns
water 6 11.52  0.060 ns 13.73 0.076 ns 13.19 0.091 ns 7.51 0.150 ns

ns= non-significant, ** and * are significant at 1% and 5%, respectively.
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