Horticultural Plants Nutrition
Vol.3, No.2, Autumn & Winter 2020-21
Research Paper

DOI: 10.22070/hpn.2020.5547.1100

Influence of three types of superabsorbents on growth
characteristic and elements uptake in basil under salinity
stress

Sara Farsaraei * » Mohammad Moghaddam 2

1- Department of Horticultural Science and Landscape Engineering, Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran
Farsaraei2013@gmail.com
2- Corresponding Author, Department of Horticultural Science and Landscape Engineering, Faculty of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran
m.moghadam@um.ac.ir

Received Date: 2019/12/25 Accepted Date: 2020/05/12

Abstract

Introduction: Salinity stress is one of the main factors that limited crop production. The expansion of saline areas
has significantly increased. Based on severity and duration of the salinity stress, the plants show different reactions.
First of all, salinity reduces the growth of plants due to the existing osmotic materials around the roots. Furthermore,
salinity exerts hypertonic stress on the plants. Under salt stress, ions, mostly Na+ and Cl-, accumulate in the tissues of
plants and cause significant physiological and biochemical disorders, reactive oxygen species (ROS) production, and
inhibition of K+ uptake. Therefore, these occurrences lead to a reduction in plant growth and development.
Therefore, using different methods for reducing the harmful effects of salinity is very important. Superabsorbent
polymers application has extended to aid the growth of plants in saline soils. These substances have been applied as a
soil amendment to improve plant growth under salt stress. Superabsorbent polymers are hydrocarbon compounds that
they do not have any pollution effects on soil, water and plant tissues. They are more important in the regions where

water availability is deficient and could be a good strategy for holding water in arid and semi-arid regions. Basil
(Ocimum basilicum) is a medicinal plant from Lamiaceae family that used in food and cosmetic industries.

Material and methods: In order to study the comparison between three types of superabsorbent on growth
characteristics and basil elements content under salinity stress in two harvesting times, a pot experiment was
conducted at the research greenhouse of Ferdowsi University of Mashhad as factorial based on completely
randomized design with four levels of NaCl (0, 40, 80 and 120 mM NacCl in irrigation water (respectively: 0, 3.5, 7,
and 10.5 dS/m) and four levels of superabsorbent polymers (control, Ackoasorb, Stockosorb and Terracottem) in
three replications in 2019. The studied traits were included growth characteristic (plant height, number of brunches,
stem diameter, internode distance, length and width of leaf, inflorescence height, fresh and dry weight of leaf, stem,
and inflorescence) and element content (N, P, K, Na, K/Na, Ca and Mg). Statistical analysis was performed using
Minitab 17 software. The mean comparison was done by Bonferroni test at the 5% probability level. The figure drew
by Microsoft Excel software.

Results and discussion: The results of the mean comparison in both harvesting times showed that, with increasing
salinity, the growth characteristics of the plant decreased and the application of superabsorbents, especially in the
second harvesting time, improved these traits. In the first harvesting time, the amount of potassium, phosphorus and
nitrogen were increased by using Terracottem superabsorbent polymer 28.43, 68.96, and 71.55, respectively.
Moreover, potassium to sodium ratio was increased by applying Ackoasorb superabsorbent polymer 18.85%, in 120
mM salinity compared to the control. Also, the results showed that at the highest salinity level, application of all three
types of superabsorbent polymers were able to significantly decrease sodium compared to the control. On the second
harvesting time, the results showed that at the highest salinity level (80 mM), potassium and phosphorus levels
increased by 34.66% and 44.44%, respectively, and the sodium content was 19.95% higher than the control. It seems
that superabsorbents with water storage and reduction of salt concentration around the root can reduce the negative
effects of NaCl stress. Among the superabsorbents used in this study, the Terracottem was more effective.

Conclusions: Based on the results of this experiment, the growth characteristics and elements of O. basilicum cv.
Keshkeni luvelu were influenced by NaCl. At the higher NaCl levels, the negative effects of NaCl on plants and
osmotic abilities were observed. The application of superabsorbent polymers had different effects on the studied
traits. In most cases, Terracottem was the most effective superabsorbent to mitigate the negative effects of salinity.
Superabsorbent polymers application can protect the plants from harmful effects of salinity by increasing K+ amount
as well as decreasing Na+. However, there is little knowledge about the mechanism of superabsorbent polymers
application under salinity stress in the previous study. The findings of this study indicated that superabsorbent
polymers application, especially the Terracottem can alleviate the negative effects of salinity on sweet basil by
increasing water holding capacity and decreasing Na+ concentration.
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Table 1- The characteristics of superabsorbents used in this research

Water uptake amount

Specific pH Cation Exchange -
Superabsorbent " oht Capacity (CEC) (related to the Durability Other features
name g/l (meg/100g) superabsorbent (year)
9 42559 weight)
Ackoasorb 800 75 400 200-500 5.6 containing potassmm_ hydroxide
and ammonia
ability to provide nutrients for
Terracottem 810 7.5-7.8 400 200-300 7-8 plant such as K, PN, Ca, ...
Stackosorb 650 7-85 400 400 7-10 containing acrylic acid,

acrylamide, K and Ca
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The superabsorbents properties are shown based on the interested characteristics entered by their manufacturing companies
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Table 2- Some chemical and physical characteristics of the soil

Mg Ca K P N Organic carbon EC H
(meg/l) (meg/l) (mg/kg) (mg/kg) (mg/g) (%) (ds.m™) P
4.8 18.4 202 24.6 0.57 0.66 4.09 7.55
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Table 3- Analysis of variance of effect of salinity and superabsorbent polymer on some morphological characteristics
of basil in the first harvest time

Mean of Square

Source of Variance - df Plant Numberof  Stem  Internode Leaf Leaf fSrt:er Séf;n fLr :;f] Iaer;f Inflorescen Inflorescencelnflgrgf;en
height branches diameter length  length width weight weight weight weight ce height fresh weight weight
Salinity (a) 3 779777 224™ 0.74” 10157 070 1847 1945 1257 130297 05~ 102.82™ 69.8™ 0.1™
Superabsorbent 5 1g1g*  jo3w 012" 085 076" 19° 96® 01" 548 01%  3.72% 36.2 31"

polymer (b)

(@) x (b) 9 26.077 331™ 0.20™ 0.48™  1.02™ 37" 456" 5.03" 6.667 1.07 7.26 90.7™ 5.8"™
Error 32 113 49.6 0.01 0.46 1.50 6.6 58.1 0.8 1.53 0.3 2.02 3185 12.1
cv 2.16 5.9 3.22 10.18 20.69 8.4 9.54 145 1196 7.56 8.11 19.9 19.7

)";f."’“ Py ‘aJ& 9 ho 30 oy ‘Si C]Qw 53 )‘53‘” \../-;Qf“c.ns} TFF
"randns gignificant at 5% and 1% of probability levels and non-significant, respectively.
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Table 4- Analysis of variance of effect of salinity and superabsorbent polymer on some morphological characteristics
of basil in the second harvest time

Mean of Square

Source of df Stem  Stem  leaf  Leaf
Variance Plant  Number of =~ Stem Internode Leaf Lea Inflorescence Inflorescence Inflorescence
. . . fresh dry  Fresh dry . ] X
height  branches diameter length length wid . . . . height fresh weight dry weight
weight weight weight weight
Salinity (a) 2 951.04™ 389" 33" 283" 48 0707 38757 1.60" 3547 1237 29564 24.0™ 0.20™
Superabsorbent 3 g040™ 187" 347  55® 07" 0.16™ 2467 0107 2657 0117 42407 9.8™ 0.02™
polymer (b)
@ x () 6 1550" 46" 37" 243" 13 015™ 1907 0307 1977 008" 24377 38.2" 0.03"
Error 24 222 2.8 22 9.1 03 0.07 008 0.007 109 0.01 1.80 19.7 0.0003
cv 35 17.18 6.59 5.64 119 115 652 921 966 10.78 7.65 11.2 6.06

Sla e Sl pde 5 Lo 0 ‘Mﬁ&c]aw):)bw%j«gn

S 5 Hox*

" andns gignificant at 5% and 1% of probability levels and non-significant, respectively.

Cls p sl e 53 PP SIS (35 Olu s (5P P00 Do seaS O3l g 5 5555 il ST Kl demlis Od gk
Table 5. Mean comparison of interaction salinity and superabsorbent on morphological characteristics of basil in the
first harvest time

Salinity Superabsorbent Plant height ~Stem diameter ~ Leaf fresh  Leaf dry weight ~ Stem dry Inflorescence
(mM) polymer (cm) (mm) weight (g/plant)  (g/plant)  (g/plant) weight (cm) height
Control 57.3% 3.48% 15.06% 2.15° 3.16° 20.7%
Ackoasorb 56.2% 3.29°0cd 13.75%% 1.7%¢ 3.13° 18.30cde
0
Terracottem 60.1% 3.53% 16.3% 1.95% 2.85% 23.07%
Stockosorb 56.6% 3.42%¢ 14.17%¢ 1.93% 2.25% 19.8%¢
Control 54.7° 3.14bcde 10.38°%f 1.6%0% 2.0°d 20.5%
Ackoasorb 52.5° 3.230cde 9.83¢%f 1.4°0f 1.5° 19,12
40
Terracottem 52.6° 3.28%cd 11,50 1.75%¢ 2.26° 19.8%¢
Stockosorb 57.3% 3.24%¢c 10.34°0%f 1.50cde 2.3 18.g%0cde
Control 41.8%f 2.75%" 7.121 1.130%f 1.3° 16.5pcdef
Ackoasorb 47.07° 3.238bcde 8.5°1 1.28¢def 1.6%f 16.5pcdef
80
Terracottem 43.3% 3.01%f 10.47°°%f 0.95" 1.34° 14.3°
Stockosorb 42.4% 3.08¢def 9.7¢f 1.3¢0ef 2.27° 15.5%0f
Control 36.9 2.42" 5.69 0.92f 1.2f 13.1°
Ackoasorb 38.5° 3.193%cde 8.5°1 1.12°f 1.72¢ 16, 30cdef
120
Terracottem 45.3% 2.9° 5.7 1.38°%f 1.75% 13.28"
Stockosorb 42.3% 2.42" 8.5°1 1.27¢0f 1.53%f 14.76%f

A e b (sl e sl il G S Bl boslael O s
In each column, numbers with at least one letter do not differ significantly.
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Figure 1- Effect of salinity on leaf length (a), internode length (b) and stem fresh weight (c) of basil in the first harvest time
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Table 6- Mean comparison of interaction salinity and superabsorbent on morphological characteristics of basil in the
second harvest time

- Plant Internode Stem  Leaf Leaf freshLeaf dry Stem - Stem Inflorescence Inflorescence Inflorescence
Salinity Superabsorbent ,_ . Number of . . - fresh dry : ¥ .
height length diameter length weight weight . . height fresh weight  dry weight
(M) polymer (g DIANCNESem) (mm) (em) (glplant) (glplan) o MEOTem)  (glplany  (giplany)
(g/plant) (g/plant)
Control  49.7%  6.07°¢ 59° 22 48 56" 1.04® 479 103° 24.7 4.1° 0.33%
Ackoasorb 485"  7.1% 65®  31® 520 72® 126" 54° 09% 17.7>¢ 4.4° 0.28"¢
0
Terracottem  54.0°  7.5° 8.2 322 59° 85 173 73 18 22.8° 5.9° 0.6
Stockosorb  48.6°  7.6% 6.3  24% 49° 57 12° 63" 15 22.9° 3.2° 0.38°
Control ~ 45.07% 5.3% 57° 2029 47%°  49¢ 056°° 4.1% 0.9% 20.7% 3.6 0.27%¢
Ackoasorb  405%  6.7%° 55° 23 52¢ 57" go7? 53° 074 181" 42° 0.24"4
40
Terracottem  44.5% 7.3 6.2%  24% 43% 61° 084 507° 097% 20.5® 46" 0.32"
Stockosorb  38.6°  7.4% 51%  21° 49 55" 08"t 409% 079  13.7% 3.4° 0.18%
Control 288" 35 32¢ 106" 25" 21° 062" 19" o051 7.6° 3.3 0.26"¢
Ackoasorb 333" 48° 508" 19% 43® 38 07%® 212" 071%"  15.4% 38 0.19%
80
Terracottem  37.6°  4.8° 5.4%  24%¢ 43% g1 071% 33 053 12.5° 3.6° 0.21%
Stockosorb  30.5°  5.8%° 3549 199 42® 52 o7%® 215" o051 13.8% 3.3 0.17¢

AN e b gy pre sl bl S Bl Loslael G o s
In each column, numbers with at least one letter do not differ significantly.
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Table7- Analysis of variance of effect of salinity and superabsorbent polymer on uptake of some elements of basil in
the first harvest time

Mean of Square

Source of Variance df

N P K Na K/Na Ca Mg
Salinity (a) 3 20207 023" 13.77 866.6" 555 817 532"
Superabsorbent polymer (b) 3 94827 098" 21.2" 33757 136" 227 3347
(a) x (b) 9 79447 0137 839" 953" 322" 2117 436"
Error 32 2.31 0.02 1.78 035 015 0.05 0.01
cVv 12.89 15.11 8.03 3.74  16.42 1.21 2.23

r—

Slagae Sl pde 5 Ao 0 LM)J&c]ad)JJ\JJM S

" andns gignificant at 5% and 1% of probability levels and non-significant, respectively.
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Table 8- Analysis of variance of effect of salinity and superabsorbent polymer on uptake of some elements of basil in
the second harvest time

Mean of Square

Source of Variance df

N P K Na K/Na Ca Mg
Salinity (a) 2 64.2" 0.027 10947 19637 3267  264.0° 1017
Superabsorbent polymer (b) 3 51.3™ 0.3" 28.8™ 22.4™ 8.8" 30.9" 3.4
() x (b) 6 55.7" 0.6™ 134.3" 2.37 6.7 26.0™ 9.6™
Error 24 5.1 0.002 1.3 0.32 0.1 1.2 0.2
cv 8.52 3.29 4.74 6.78 8.80 17.8 18.6

D3 pme sl riﬁjwjiahw)ﬁn_iidzw):)b@u ;.,,“.?Jio.n

S 5 *

e

“rrandns gignificant at 5% and 1% of probability levels and non-significant, respectively.
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Table 9- Mean comparison of interaction salinity and superabsorbent on uptake of some elements of basil in the first
harvest time

Salinity Superabsorbent N P K Na Mg Ca
m ea m ea m ea m ea’ a m ea m ea
ty Sup g/g leaf g/g leaf g/g leaf g/g leaf K/N g/g leaf g/g leaf
(mM) polymer
dry weight) dry weight) dry weight) dry weight) dry weight) dry weight)

Control 21.7° 0.81% 54.4% 8.0° 8.04% 6.2 8.2°
Ackoasorb 18.2¢°¢ 1.27%¢ 59.7° 7.5%¢ 6.91% 6.6° 8.4%

0
Terracottem 31.2° 1.70° 66.3 6.8% 8.61° 6.7% 8.5°
Stockosorb 24,5 0.99%¢ 58.1% 7.4 6.62% 6.5% 8.4°
Control 19.6%¢ 0.72% 47.4° 9.2%d 5.66%" 6.4 8.4°
Ackoasorb 16.9° 0.91°¢ 53.0% 9.0°" 5.94%¢ 6.4 8.1°

40
Terracottem 20.0%¢ 1.52% 58.7° 8.6%¢ 5.74%¢ 6.5 8.1°
Stockosorh 20.3%¢ 0.89%¢ 52.0% 8.7"¢ 3.33%" 6.4 8.0°
Control 19.5%¢ 0.66° 46.1%9 19.6%" 2.03' 6.3 7.9°
Ackoasorb 16.0% 0.80% 41.4% 17.7°" 5.26°" 6.4 8.1°

80 .

Terracottem 19.5¢¢ 1.20%¢ 52.4% 10.1f 277" 6.5% 8.2°
Stockosorb 16.8%¢ 0.71% 51.7¢% 17.3°f 2.09" 6.4 8.1°
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Continue Table 9- Mean comparison of interaction salinity and superabsorbent on uptake of some elements of basil in
the first harvest time

Salinity Superabsorbent N P K Na Mg Ca
(mM) olvmer (mg/g leaf  (mg/g leaf  (mg/g leaf  (mg/g leaf K/Na (mg/g leaf  (mg/g leaf
poly dry weight) dry weight) dry weight) dry weight) dry weight) dry weight)

Control 10.9' 0.58° 40.8° 27.8 2.03' 4.3¢ 4.7°

Ackoasorb 11.0° 0.64° 41.7% 26.0° 3.42% 6.3 7.4°

120 .
Terracottem 18.7°¢ 0.98°¢ 52.4% 25.4°f 2.68" 6.3° 7.8
Stockosorh 14.8° 0.59° 45.49 25.0%" 2.03' 6.0° 7.1°

A b (sl e sl il G S Bl Loslael O s
In each column, numbers with at least one letter do not differ significantly.
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Table 10- Mean comparison interaction salinity and superabsorbent on uptake of some elements of basil in the second
harvest time

salinity SuperabsorbentN (mg/g leaf , * « N ca Mg
?nm?' upecr)zi\ fﬁerr en dr(mgeg ﬁ? (mg/g leaf (mg/g leaf (mg/g leaf K/Na (mg/g leaf  (mg/g leaf
poly y weight) dry weight) dry weight) dry weight) dry weight) dry weight)
0 Control 26.2" 1.3¢ 275 17.1" 1.60° 4.9 1.2
Ackoasorb g5 g 18° 31.1% 11.29 2.77° 5.0° 1.4°
Terracottem 35 5° 2.2° 32.2° 9.79 3.32° 5.3° 1.6°
Stockosorb 30 g 17 23.8" 11.2° 2.12% 5.0 1.2
40 Control 27.2" 1.4° 25.3 31.7% 0.79 4.0 1.1°
Ackoasorb 94 ge 1.3° 31.4° 28.1 1.11° 4.7 1.2
Terracottem 24.4% 1.% 24.9%¢ 29 gef 0.90 5.0% 1.9k
Stockosorb 94 g 1.1 2157 28.0% 0.76 4.3 1.1°
80 Control 22.7° 0.9° 15.0" 44.1° 0.34" 3.3° 0.8
Ackoasorb 53 5 1.1 19.8° 37.2" 0.53° 3.6° 1.1°
Terracottem 23 ¢ 1.3¢ 20.2 35.3" 0.57° 4.1 1.1°
Stockosorb - 25 g 1.0° 16.0" 40.1% 0.39' 3.9° 0.9°

A ea b olsme sli alie O > SO J3las Loslael s oo o
In each column, numbers with at least one letter do not differ significantly.
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