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Abstract

The use of natural hydrogels in agriculture provides solutions to many prob-
lems without threatening the environment. This study aims to evaluate the
potential impact of environmentally friendly hydrogels (pectin, starch and
pectin + starch) in reducing the negative effects of drought stress on tomato
yield and quality. Two different peels (orange peel and banana peel) are used
to prepare environmentally friendly hydrogels. The water retention efficiency
of hydrogels has been studied. Greenhouse experiment for tomato under
drought stress was conducted during 2019. These hydrogels were used under
several level of irrigation (100%, 75%, and 50% FC), soil without hydrogel
was used as a control. The results showed that the eco-friendly hydrogels
(starch, pectin, and pectin + starch) had capacity retention of water for a long
time. The obtained data from the greenhouse experiment showed that the
eco-friendly hydrogel showed a positive effect on retention of water and in-
crease the soil moisture content compared to control. The highest increase
was observed at pectin + starch treatment. This increase reached to 2.8-, 2.4-
and 2.0-fold for 100%, 75% and 50% FC compared to the control. Eco-
friendly hydrogel application under different drought conditions led to im-
prove yield and quality of tomato fruits. Moreover, conversion of agricultural
wastes to hydrogels and the use of these eco-friendly materials instead of
synthetic hydrogels are necessary to utilize the limited natural resources and
decrease the harmful impact of agricultural wastes on the environment and
pave the way for the transition to a sustainable agriculture system.
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1. Introduction

Conversion of agricultural wastes to hydrogels and the use of these eco-friendly
materials instead of synthetic hydrogels are necessary to utilize the limited natu-
ral resources and decrease the harmful impact of agricultural wastes on the en-
vironment and pave the way for the transition to a sustainable agriculture sys-
tem. The use of natural hydrogels in agriculture has provided solutions to the
problems of the present-day agriculture which is to maximize land and water
productivity without threatening the environment and the natural resources.
Several countries have not sufficient water resources to face their actual envi-
ronmental, urban and agricultural requirements. As a result of water resource
crisis, water-saving agriculture is necessary for sustainable development. More-
over, drought is portending to become increasingly severe due to climate change
[1]. One of the new methods used for managing water in soil is the use of natural
superabsorbent hydrogel as a storage tank to prevent water waste and increase
irrigation efficiency [2]. Synthetic hydrophilic polymers (hydrogels) are a partic-
ular class of gels, produced by chemical stabilization of hydrophilic polymers in
a tri dimensional network. Hydrogels are characterized by the ability to absorb
and retain quantities of liquids (swelling) much greater, in terms of weight, than
the initial weight of the material [3]. Superabsorbent hydrogel has widely used
for agricultural purposes based on idea to use the swelling and water release
properties to improve water availability for plants. Different possible agricultural
applications of hydrogels have been defined by [4]. Hydrogels have been suc-
cessfully used as soil improvement to increase the water holding capacity and
nutrient retention of sandy soils, with a possible lowering of irrigation frequency
[5]. These superabsorbent hydrogel polymers are applied in the soil to make a
water supply, near the rhizosphere zone and advantage agriculture [6]. Hydro-
gels found applications as slow-release fertilizers and pesticides [7] and [8]. Most
of the synthetic hydrogels on the market are acrylate-based products, thus not
biodegradable and regarded as potential pollutants for the soil. As a result of in-
creased attention to environmental protection issues, biodegradable natural hy-
drogel is of great interest for application in agriculture [9]. Hence, the develop-
ment of multi-component Superabsorbents derived from natural polymer and
eco-friendly additives becomes the subject of great interest due to their unique
commercial and environmental advantages [10]. Recently, a series of new Supe-
rabsorbents characterised by eco-friendliness and biodegradability made from
some natural materials such as starch [11] and [12], cellulose [13], chitosan [14]
[15]), guar gum [16] and gelatin [17] have been utilized for fabricating mul-
ti-component Superabsorbents.

Fruit peels are the major by-products obtained through the processing of dif-
ferent fruit. This peel is not being used for any other application and is mostly
dumped as solid waste at large expense. So, it is necessary to find applications for
this peel as it can contribute to real environmental problems [18]. In Egypt ba-

nana fruits are considered the most popular fruits. The total cultivated areas
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reach 5500 feddans which produce about 1,100,000 tons of banana fruits with an
average of 28.4 thousand tons/feddan. Green banana flesh and peel contain ap-
proximate 60% and 30% starch content (from dry mass), respectively indicating
that they are an important starch resource [19].

Starch is one of the main reserve compounds in plants and is abundant in ce-
real grains, legumes, roots, and fruits. It is a homopolysaccharide consisting of
chains of amylose and amylopectin. Amylose is constituted of glucose units
connected by a-(1, 4) bonds, forming a linear chain, while amylopectin forms
branched structures between the glucose units by means of a-(1, 4) and a-(1, 6)
bonds [20]. In Egypt the annual production of oranges is estimated at 750 tons.
The peel of oranges is traditionally not used at industrial scales unless small
amount is used for jam processing and orange oil production [21]. As orange
waste, orange peel has high levels of pectin (25% - 35%) and can be used as raw
material for pectin extraction [22] and [23].

Pectin is a naturally occurring biopolymer that is finding increasing applica-
tions in the biotechnology industry [24]. It is a family of polysaccharides present
in the cell walls of higher plants. Their structures consist of D-galacturonic acid
units connected by a-(1, 4) bonds, forming a linear polysaccharide interrupted
by highly branched regions [25]. Tomato is one of the most widely grown vege-
tables in the world. Most commercial tomato cultivars are drought sensitive at
all stages of plant development, with seed germination and early seedling growth
being the most sensitive stages [26].

The objectives of this study were to use fruit peels (orange and banana peels)
for producing eco-friendly hydrogels and study the use of them for: 1) Mitigat-
ing the negative effects of drought stress on the yield and quality of tomato
fruits. 2) Increasing of plant water use efficiency. 3) Improving the control-release

of the herbicide Dicamba and preventing the pollution risk.

2. Materials and Methods
2.1. Preparation of Pectin Hydrogel

Pectin was prepared from orange peels (Figure 1(a)) (50 g of orange peel was
added to citric acid solution (citric acid was added to the distilled water until the
pH become one, the solution was heated at 80°C for 10 minutes. Solution was
filtered after cooling. Ethanol was added to precipitate of pectin. The solution is
filtered using fine filter cloth to separate jelly pectin which is dried at 50°C for
two hours [27].

2.2. Preparation of Banana Peel Starch

Starch was prepared from banana peels (Figure 1(b)) according to method [28].
Banana peels were weighed and cleansed, cut into tiny pieces, dried and then
was homogenized with sodium metabisulphite 0.3% at a proportion of banana
peel: metabisulphite (1:2, w/v). The solution was filtered, compressed using a

cotton cloth filter. Filtrate (starch sediment) was maintained for 24 h. The starch
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Figure 1. (a) Pectin hydrogel; (b) Banana peels starch; (c) Pectin + starch polymer; (d)

FT-IR spectra of different hydrogels.

was collected and dried in at 60°C for 24 h. The dried starch was grounded and

screened through a 24-mesh sieve.
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2.3. Preparation of Pectin + Starch Cross-Linking

Cross-linked with sodium trimetaphosphate of polymers was performed by the
method described by [29], Pectin solution (2% w/v) was prepared by mixing of
10 g pectin over night in 500 ml aqueous solution. Banana starch gelatin (10 gm)
was added to pectin solution (1:1) under high speed 5000 rpm for 20 min then
the solution was dried Figure 1(c). The structure of the all-hydrogel samples

were assured by IR spectra.

2.4. Measurement of Water Absorbency of Eco-Friendly Hydrogel

Measurements of equilibrium water absorbency were performed at room tem-
perature according to a traditional filtration method [30] series of small tea bag
containing an accurate dry weight of each natural polymer samples (0.1 gm)
were immersed in water, at room temperature. Swollen samples were weighted
at different time interval up to it reached a fixed weight. The Swollen samples
separated from water at different time by filtering and hung up for 15 min. until
no liquid was dropped off from the sample. The water absorbency, Q of sample

was calculated according to following equation;
Q=[(A-A)/A Jx100

where, 4, and A, are the weight of dry sample and swollen sample, respectively.

Qwas calculated as grams of water per gram dry hydrogel.

2.5. Determination of Polymer Water Retention Efficiency

A pot with holes used to be supplied with 2 kg of soil (sandy loam). 4 g of
eco-friendly polymer (starch, pectin, and pectin + starch) was once inserted and
blended then weight of pot used to be listed (R,). All the pots had been irrigated
unto saturation case at three hours. Next 1 hour from saturated state (3 hours),
the weight of pot was listed at zero time (R&). All the pots were weighted after
different times 2, 4, 6, 8, 10, 12 and 14 days (R). Then using the following for-

mula, we calculated the water retention percent according [30].
R% =1-[(Ry—R)/(R, = R)]x100

where, R% = percent water retain,
, = weight at different time,
R; = initial weight,

Ry= zero time.

2.6. Eco-Friendly Hydrogel Retention Rate for Herbicide Dicamba

To determine herbicide retention by each hydrogel, 120 ml of dicamba (1000
ppm) was applied to plastic pots filled with 2 Kg of soil (sandy loam) amended
with 4 gm of each natural polymer (pectin, starch, pectin + starch) separately.
One liter of distilled water was then applied to the pots. Dicamba concentration
was determined after different times (2, 7, 12, 17, 22, 27, 32, 37, 42, 47, 52 and 57
days) in the soil samples according to method of [31].
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2.7. Greenhouse Experiment

The experiment was conducted at Agricultural Research Center; Giza, Egypt,
Seedlings were transplanted on April 7%, during the growth season (2019), to
study the effect of eco-friendly hydrogel (starch, pectin, and pectin + starch) to
reduce negative effects of drought stress on tomato plants. Two seedlings of to-
mato (Lycopersicon esculentum L.) cultivar (Super Strain B) were planted in
each plastic pot with five replicates for each treatment, each pot contained 10 kg
sandy loamy soil. Hydrogel was added to soil at the rate of 2 g/Kg of soil [32]. All
treatments were irrigated at 100%, 75% and 50% of field capacity, respectively.
For these treatments (100%, 75% and 50% field capacity) soil water content
(SWC) were 15.4%, 11.5% and 7.7%, respectively. Soil water content was calcu-

lated according to (Coombs et al, 1987) using the following formula:

Soil water content; SWC % = [(FW — DW)/DW] x 100
where (FW) was the fresh weight of a portion of the soil from the internal area of
each pot and (DW) was the dry weight of the soil portion after oven drying at

85°C for 4 days. The experimental layout was a split-split plot design based on
randomized complete blocks. Soil characteristics are presented in Table 1. Soil

Table 1. Some physical and chemical properties of the soil used.

Physical Value
Coarse sand (%) 35.5
Fine sand (%) 39
Silt (%) 15.3
Clay (%) 10.2
Texture soil Sandy loam
Chemical
pH (1:2.5, soil suspension) 7.48
SP 30
ECe dS‘m™, soil paste 1.84

Soluble cations (me/L)

Ca? 7.5
Mg?* 3.9
Mg?* 5.3
K* 1.7

Soluble anions (me/L)

CO§’ -
HCO, 4.6
Cl- 7.1
so* 6.7
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was fertilized with recommended dose of mineral fertilizers. Soil samples were
periodically collected before subsequent irrigations (3 days) until the end of the
trial for determination of soil water content. At the end experiment (14® Au-
gust) plants were collected to estimate growth characters, and yield components
and the biochemical changes in the yielded fruits. The experiment consisted of
these treatments: T1, T2, T3: soil only as control (without hydrogel); T4, T5, T6:
soil + pectin; T7, T8, T9: soil + starch; and T10, T11, T12: soil + pectin + starch.

2.8. Analytical Methods

Analysis of the soil was determined according to [33]. For plant analysis, total
soluble solids were estimated in freshly fruit by using Erma hand refractrometer.
The juice content was measured and expressed as percent of total weight of the
fruits. The pH of tomato fruits juice was determined using digital pH meter. To-
tal flavonoid was measured by the aluminum chloride colorimetric assay ac-
cording to [34]. The total soluble sugars were determined using phenol-sulfuric
acid method as described by [35]. Total chlorophyll and carotenoid content of
the pigments extracted was determined by spectrophotometer, according to the
described method by [36]. Lycopene content of fruit was extracted according to
[37]. Vitamine C was determined according to the method of [38]. At the end of
the growth season all plants were collected then number and weight of fruits per
pot were recorded. The obtained data of fruit fresh weight per pot (yield) and
total amounts of water used for irrigation per pot during the growth season were

used to calculated water use efficiency (WUE) as this equation:

WUE = Pot yield (g)/Total amount of water (L) per pot.

2.9. Statistical Analysis

Data obtained were exposed to the proper statistical analysis of complete ran-
domized design [39]. Experiments were carried out in three replicates. Means

obtained were differentiated using Duncan’s new multiple range test [40].

3. Results and Discussion
3.1. FT-IR Spectra of Hydrogel

The FT-IR spectra show in Figure 1(d). IR spectrum of banana starch reveal a
peak at 992 cm™ related to characteristic starch backbone, additionally, the
peaks at 1574, 1659 and 2325 cm™ for O-H bending, C-C aromatic ring stret-
ching and C-H stretching, respectively. Furthermore, the pectin spectrum re-
veals 3421 cm™ for the O-H stretching and 2918, 1690, 1299, 1207, 1122, 764
cm™ for C-H stretch of alkanes, C=0O stretch for alkynes, C-O stretch for esters
or carboxylic acid, C-N stretch, C-Cl stretch, respectively. For the pectin + starch
mix, the spectrum had shown the main peaks of pectin and starch. Also, the
characteristic peak of pectin at 1960 cm™ shifted to 1730 cm™ and for starch
peak of 1574 cm™ shifted to 1625 cm™. The adsorbed water molecules become

more boarders.
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3.2. Swelling and Water Retention of Eco-Friendly Hydrogel

Data in Figure 2 showed fast initial swelling of each natural polymer followed by
a gradual decrease in the rate of absorption until reach the point of equilibrium.
All hydrogel had a same approach in the rate of water absorption. Average rate
of absorption of water by hydrogel after 10, 20, 30, 60, 90, 120, 150, 180 and 360
min revealed that water absorption increased in a time course manner. The
maximum absorption of water by different hydrogel after 150 to 360 min reached
was found to be 529, 361, and 261 times of its weight for pectin + starch, pectin,
and starch, respectively.

Data in Figure 3 observed that the eco-friendly hydrogels (starch, pectin, and
pectin + starch) had capacity retention of water for a long time. Water retention
percent reached to 47.6%, 54.1% and 67.9%, respectively at 4 days of irrigation,
whereas reached to 25%, 30%, and 38% at 6 days compared to control. This may
be due to its high molecular weight materials that can absorb as much as several
hundred times of its weight. The results are in agreement with the earlier find-

ings of [41].

O Starch W Pectin W Pectin-Starch

600

B W
= =
(=} (=]

Swelling capacity %
(V%)
[
<

10 20 30 60 9 120 150 180 200
Time (min)

Figure 2. Swelling capacity of eco friendly hydrogel.
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Figure 3. Water retention of soil with or without different eco-friendly hydrogel.

DOI: 10.4236/0japps.2022.121009

118 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2022.121009

G.H. A El-Azizetal.

3.3. Hydrogel Retention Rate for Herbicides Dicamba

The data showed the ability of all hydrogels to retain the herbicides Dicamba
(Figure 4). The results showed that hydrogel had an excellent ability to retain
the herbicide. The maximum loading of Dicamba herbicides was observed when
used pectin + starch hydrogel. The retention of Dicamba by hydrogel was in fol-
lowing order pectin + starch > pectin > starch. Generally, hydrogel release the
herbicides slowly in managed and sustained manner. The release % reached after
57 days to 1.7, 3% and 2% for pectin, starch and pectin + starch, respectively. It
is worth to mention that, very slightly change of herbicide concentration was
observed in soil without any hydrogel until the end time (57 days). Hydrogels
are important in creation of controlled release systems. They are capable of deli-
vering active ingredient slowly and continuously for longer duration to a speci-
fied target at a desired rate. They minimize the impact of these harmful chemi-
cals on the environment by reducing losses due to leaching, volatilization, and
degradation and thereby maintaining biological efficacy of active ingredient
[42]. Hydrogel have provided the slow-release profile to the pesticide and reac-
tive functional groups reacts directly, or else bridging agents are also used to
bind pesticide. The release will take place through diffusion or chemical cleavage
of the bond between the hydrogel and herbicide [43].

3.4. Influence of Eco-Friendly Hydrogel on Soil Moisture Content

Data of soil moisture content at constant intervals are showed in Figure 5. Hu-
midity of soil varies according to time periods. The obtained results showed a
high soil moisture content using hydrogel compared to the control (soil without
hydrogel). Data indicated that application of eco-friendly hydrogel to soil had a
favorable influence to retain water and increase the humidity of soil compared to
control. Data showed that all eco-friendly hydrogels under investigation (pectin,
starch, and pectin + starch) strongly increased soil humidity. The largest in-

crease was observed at pectin + starch treatment. This increase of pectin + starch

——cont. —#-pectine —A—starch ——Pectine-Starch
1200 -

1000 -

©
(=]
o

Concentration (ppm)
H (=2}
(=3 (=]
o o

200 -

0

2‘7‘12 17‘22 27‘32 37 | 42 47‘52‘57

day

Figure 4. Release rete of dicamba herbicides from hydrogel.
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Figure 5. Influence of eco friendly hydrogel on soil moisture content.

treatment reached to 2.8-, 2.4- and 2.0-fold for 100%, 75% and 50% FC respec-
tively, compared to the control. Generally, eco-friendly hydrogels increase the
humidity of soil compared to control. These increases were in order: pectin +
starch > pectin > starch. The present results are in accordance with the recorded
results of several workers [44] [45] [46] they mentioned that soils were treated

by polymers had great potential in moisture retention.

3.5. Influence of Drought and Eco-Friendly Hydrogel on Tomato
Yield

There was a significant effect of eco-friendly hydrogel on fruits weight and fruits
number when grown under different levels of drought stress (Figure 6). Maxi-
mum of fruits weight and fruits number was found in pectin + starch treatment
followed by pectin then starch treatment when tomato plants were irrigated at
100% of field capacity which was decreased by with irrigation at 75% of field ca-
pacity and with irrigation at 50% of field capacity compared to control. Howev-
er, fruits weight was increased with hydrogel treatments; pectin + starch
(1.57-fold), starch (1.36-fold) and with pectin (1.03-fold) under 100% FC, com-
pared to the control, pectin + starch (1.63-fold), starch (1.57-fold) and with pec-
tin (1.16-fold) under 75% FC, compared to the control, pectin + starch
(2.33-fold), starch (1.83-fold) and with pectin (1.50-fold) under 50% FC, com-
pared to the control. Natural hydrogel has the ability to absorb, hold and release
water whenever require by the plants. Hence, this water is available for plants
even at wilting point condition, these increases water use efficiency, decreases
the infiltration losses, make water available at the root depth of plants, to in-
crease the yield. Generally, hydrogel cause improvement in tomato growth by
increasing their water use efficiency through increasing water-holding capacity
in soil [47]. These data were agreed with [48] who reported that applying hy-
drogel had significant effect on plant height, dry weight of aerial organs, root dry
weight and root length of plant. The results confirm the positive effects of hy-

drogels often reported on the plant growth promotion and the reduction of the
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Figure 6. Influence of drought and Eco-friendly hydrogel on tomato growth.

Pectin-Starch

detrimental effects of drought stress [49]. The improvement of vegetative growth
with increasing irrigation level may be due to the proper balance of moisture in
plant, which creates favorable conditions for nutrients uptake, photosynthesis
and metabolites translocation, which ultimately accelerated the rate of vegetative
growth [50]. Moreover, the reducing effect of the lowest level of irrigation water
may be related to the negative effects of water defect stress on the activities of
many enzymes leading to decrease in plant growth and dry matter accumulation.
In conclusion polymers have the ability to absorb, hold and release water when-
ever require by the plants. By this water is available for plants even at wilting
point condition, these increases water use efficiency by plants, decreases the in-
filtration losses, make water available at the root depth of plants, to increase the
yield. Hydrogel polymers enhancement plant growth by increasing water hold-
ing capacity in soil and prolonged the time till reaching wilting point which in-
creasing plants survival under drought stress [51]. In this respect, [52] men-
tioned that applying six quantities; (0%, 0.2%, 0.4%, 0.6%, 0.8%, 1% w/w) of the
synthetic hydrophilic gel (Superab-A200 superabsorbent polymer) and four ir-
rigation intervals (2, 3, 4, 5 days) had significant positive effects under drought

stress on number of leaves, number of flowers per plant, flower diameter, fresh
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and dry weight of flower, leaf area, leaf area ratio, number of stems, plant height,

fresh and dry weight of roots and root/shoot ratio. The treatment of 2 days irri-

gation interval and 0.8% polymer resulted in the highest mean values in all traits

excluding root/shoot ratio.

3.6. Influence of Drought and Eco-Friendly Hydrogel on
Photosynthetic Pigment

Chlorophyll and carotenoids data of tomato leaves were showed in Figure 7 and

Figure 8. The decrease in leaves chlorophyll values of the plants were recorded

in plants that planted under drought stress cases in soil without eco-friendly hy-

dro gel polymers. The lowest value of chlorophyll and carotenoids were observed

——FC 100% —8-FC 75% —A—FC 50%
80 -
70
ab a

60 - bc ab
E‘ 5 cde def
g cde
= efg
2 40 g
-3
2
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= 30
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Figure 7. Influence of drought and eco friendly hydrogel on chlorophyll content.
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Figure 8. Influence of drought and eco friendly hydrogel on carotenoids content.
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at 50% FC. On the contrary, data observed that apply of eco-friendly hydro gel
polymers (pectin, starch, and pectin + starch) in soil under different levels from
drought stress condition (100%, 75%, and 50% FC) increased leaves chlorophyll
and carotenoids values. For chlorophyll, the increase reached to 11%, 6% and
19% at 100% FC; 15%, 11%, and 30% at 75% FC; and 23%, 15%, and 33% at 50%
FC, respectively compared to control without eco-friendly hydro gel polymers.
Concerning the carotenoids, increase in carotene content reached to 4%, 1% and
8% at 100% FC; 39%, 35%, and 48% at 75% FC; and 66%, 70%, and 14% at 50%
FC, respectively compared to control without eco-friendly hydro gel polymers.
The performance of eco-friendly hydro gel polymers in increased total chloro-
phyll and carotene content were recorded in the following increasing order:
starch < pectin < pectin + starch. This increase due to eco-friendly hydrgel po-
lymer may be attributed to decrease in chlorophyll degradation or increased
chlorophyll biosynthesis due to supply of sufficient amount of water and nu-
trients to the plant in water deficit condition. Generally, the major role of caro-
tenoids through direct quenching of triplet chlorophyll prevents the generation
of singlet oxygen and protects from oxidative damage. Chlorophyll and carote-
noids absorb radiant energy, which is used for photosynthesis. In many observed
cases chlorophyll content declines under drought stress conditions. Drought
stress prevents photosynthesis of plant and cause an alteration in photosynthetic
pigment and damage to the structures of the photosynthetic. In this regard [53]
mentioned that the negative effects of drought stress on photosynthetic pigments
may be due to the inhibition of chlorophyll biosynthesis or increase of its degra-
dation by chlorophyllase enzyme. The ability to access to the water has an im-
portant role of leaves structure [54]. A positive effect was recorded for the use of
eco-friendly hydro gel polymers to keep photosynthetic pigment content under
drought stress. The present obtained results were in harmony with those ob-
tained by [55] and [56] they mentioned that hydrogel had a positive effect of
photosynthesis by gradually pumping water into the plant. Also, addition of hy-
drogel polymers had a positive effect on assimilation rate of CO, and the water
use efficiency of plants that grown under drought stress condition [57].

3.7. Influence of Drought and Eco-Friendly Hydrogel on Total
Soluble Sugars Content

Data of total soluble sugars percent of tomato were showed in Figure 9. Maxi-
mum value of total sugars was observed in plants that grown under water stress
conditions in soil without eco-friendly hydrogel. Total soluble sugars increase as
the level of water shortage increases. The maximum increase was observed at
50% FC. The results showed no significant change in the total sugars of the plant
that grown in soil with or without polymers at 100% FC. It is worth mentioning,
data showed that use of all eco-friendly hydrogel (pectin, starch, pectin + starch)
in soil with different water stress condition (75% and 50% FC) decreased total
sugars content. The efficiencies of eco-friendly hydrogel to decreased total su-

gars were observed at pectin + starch treatment followed with pectin then starch.
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Figure 9. Effect of drought and eco friendly hydrogel polymers on soluble sugar.

Generally, water stress caused an increase in the concentration of total sugars in
the plant. These results were agreed with [58]. Under water stress condition the
breakdown of polysaccharides caused an accumulation of total sugars which
help maintenance of growth of plant. Also, high levels of total sugars in leaves
can be caused by high requirement for osmotic adjustment and membrane stabi-
lization. Total soluble sugars content improves stress tolerance by protecting and
stabilizing membranes and enzymes during stress conditions. These results were
agreed with [59] they found the lowest amount in total sugars accumulation
were achieved at 300 kg/ha polymer compared with the control (without poly-

mer).

3.8. Influence of Drought and Eco-Friendly Hydrogel on Flavonoid
Content

Results of total flavonoid contents of tomato were showed in Figure 10. Total
flavonoid content decreased depending on water stress levels. Minimum con-
centration of flavonoid was observed in plants that grown under water stress
conditions. Total flavonoid contents decreased as the level of water stress in-
creases. It is worth mentioning, data showed that use of all eco-friendly hydrogel
(pectin, starch, and pectin + starch) in soil with different water stress condition.
The efficiencies of eco-friendly hydrogel to increased flavonoid contents were
observed especially at Pectin + starch treatment followed with pectin then starch.
Generally, the acclimation of a plant to its growing environment is reflected in
such physiological responses as accumulation of reactive oxygen and secondary
metabolism [60]. The water stress had a significant effect on total flavonoids in
tomato plant. These results are due to the fact that water is an important factor
limiting the production and synthesis of total flavonoids in plant [61]. These re-
sults were consistent with previous findings that the content of total flavonoid
was reduced in maize under drought stress [62]. The application of super absor-
bent polymer to growing media due to the reduced impact of water stress during

the growing cycle can improve crop quality [63].
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Figure 10. Influence of drought and eco friendly hydrogel on flavonoid content of toma-
to.

3.9. Influence of Drought and Eco-Friendly Hydrogel on Fruits
Quality

Effect of drought and eco-friendly hydrogel on tomato fruit qualities were
shown in Table 2. Ascorbic acid, total soluble solids (TSS), pH, lycopene and
juice % increased by using of eco-friendly hydrogel. Minimum content of ascor-
bic acid was noticed in samples that exposed to drought stress conditions with-
out eco-friendly hydrogel. Data observed that apply of eco-friendly hydrogel
(pectin, starch, and pectin + starch) in soil with several level of drought condi-
tion (100%, 75% and 50% FC) increased ascorbic acid content compared with
soil without eco-friendly hydrogel. Increment reached to 9%, 5%, and 15% for
100% FC; 11%, 7% and 16% for 75% FC; 19%, 17% and 22% for 50% FC. Reduce
of ascorbic acid content by drought stress attributed to increase in activity of as-
corbic acid oxidase enzyme that responsible for the destruction of ascorbic acid
concentration in the tomato. The usage of eco-friendly hydrogel led to inhibition
in the ascorbic acid oxidase enzyme and enhanced ascorbic acid formation in
fruit due to supply of adequate quantity of water and nutrients to the plant in
drought condition. An increase in ascorbic acid content was recorded in tomato
due to the application of hydrophilic polymer [64]. Regarding the pH values,
minimum values were recorded in samples were exposed to drought stress con-
ditions without eco-friendly hydrogel. Data observed that use of all hydrogel
(pectin, starch, and pectin + starch) in soil under several level of drought condi-
tion (100%, 75% and 50% FC) enhanced pH value compared with control with-
out hydrogel. Increase reached to 8%, 5%, and 11% for 100% FC; 9%, 1% and
11% for 75% FC; 6%, 3% and 11% for 50% FC. Increase pH value in tomato due
to use of hydrophilic polymer was noticed [64]. Lowering in the pH value of
fruits under drought stress was because to change in the acid content [65]. Re-
sults showed that use of these natural polymers (pectin, starch, and pectin +
starch) in soil with several level of drought condition (100%, 75% and 50% FC)

increased TSS content compared to control without natural polymers Enhance.
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Table 2. Influence of drought and eco-friendly hydrogel on fruits quality.

Treatment Fiel(.i pH TSS Juice  Ascorbicacid  Lycopene
capacity % % (mg/100g) (mg/100g)
100 3.81 3.31b 54 24.00 de 3.5701i
Control 75 3.70  3.12e 50 22.80 f 3.213j
50 352 2.06f 44 2050 g 2.940 k
100 411 343d 59 26.20b 4.750b
Pectin 75 4.02  3.64c 56 2520 ¢ 4.210d
50 372 320e 52 24.40d 3.843 g
100 4.0 3.68 ¢ 57 2520 ¢ 4.430c
Starch 75 375 3.48d 52 24.40d 4.040 f
50 362 3.16e 50 23.90 e 3.720 h
100 421 394a 64 27.50 a 5.020 a
Pectin + starch 75 410 3.70c 61 26.40 B 4.710 B
50 391 3.52d 54 2490 C 4.120E

in TSS using hydrogel may be due to improve metabolic process and metabolic
activities, led to the synthesis of more amounts of acids, metabolites and glucose.
These metabolites share in the original composition of TSS [64]. Concerning the
lycopene content, reduction in lycopene contents were noticed in plants that
exposed to drought stress in soil without eco-friendly hydrogel. Lycopene con-
tent decreases as the level drought increases. The highest decrease was noticed at
50% FC. Data showed that apply of all hydrogel (pectin, starch, pectin + starch)
in soil under several level of drought condition (100%, 75%, and 50% FC) en-
hanced lycopene content. Increase reached to 33%, 24%, and 41% at 100% FC
also 31%, 26% and 47% at 75% FC also 31%, 27%, and 40% at 50% FC, respec-
tively compared with control that without hydrogel. lycopen is responsible for
the red color of tomatoes [66]. Also, an increase in lycopen content was showed
in tomato due to the application of hydrophilic polymer [64]. Also, the lowest
percent for juice was observed in fruits that exposed to drought conditions in
soil without hydrogel. Juice % decreases by increase drought level. The highest
decrease was noticed at 50% FC. Data showed that use of all hydrogel (pectin,
starch, pectin + starch) in soil with different water stress condition (100%, 75%,
and 50% FC) increased juice percent. Increase reached to 9%, 6%, and 19% at
100% FC; 12%, 4%, and 22% at 75% FC finely 18%, 14%, and 23% at 50% FC,
respectively compared with fruits without hydrogel at the same level irrigation.
Similarly, [64] also reported an increase in juice content in tomato due to the
application of hydrophilic polymer. [67] stated that applying hydrogel as a soil
conditioner under water stress has positively affected on growth characters of
potato plants; it increased nutrients uptake, plant water relations, total chloro-
phyll and increased nitrogen use efficiency as well as tuber yields and quality.

DOI: 10.4236/0japps.2022.121009

126 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2022.121009

G.H. A El-Azizetal.

3.10. Water Use Efficiency of Tomato Plants

Hydrogel can increase water use efficiency (WUE) which means the ratio of
yield over crop water consumption through the strategy of reducing water loss in
the soil by increasing water holding capacity of the soil depending on the prop-
erties of the hydrogel polymer to retain water shells around the molecules of the
polymers. In conclusion polymers have the ability to absorb, hold and release
water whenever require by the plants. Data in Table 3 showed water use effi-
ciency of tomato as influenced by eco-friendly hydrogel under various irrigation
levels. The differences in the values of water use efficiency were detected be-
tween treatments. The use of hydrogel resulted in reducing the amount of water
used for tomato irrigation compared to the control treatment (without hydro-
gel). Water use efficiency of tomato under various levels of drought stress was
increased as a result of using the hydrogel treatment in comparison with the con-
trol (without hydrogel). Thus, the efficiency of hydrogel treatments in increasing
water use efficiency was in the following order: pectin + starch (242.37%) >
starch (209.34%) > pectin (159.80%) for 100% FC, pectin + starch (259.25%) >
starch (247.30%) > pectin (182.53%) for 75% FC while pectin + starch (360.16%) >
starch (283.05%) > pectin (231.56%) for 50% FC. These results confirmed that
hydrogel treatments had a positive influence on the productivity of tomato plants
and consequently on the values of water use efficiency. Therefore, these natural
eco-friendly hydrogels proved to be useful in reducing water loss and for im-
proving the water use efficiency of tomato plant as well as sustaining the prod-
uctivity of tomato under drought stress treatments (75% and 50% FC). The ob-

tained results are in agreement with [68].

3.11. Eco-Friendly Hydrogel and Save Water to Tomato Plants

From the previous results and as shown in Table 3, the use of different hydrogels
led to decrease the amount of water used to irrigate the tomato plants (Figure
11), however the yield of tomato plants was increased in comparison to the con-

trol treatments. Hence, the quantity of saving water was 19 L/pot for 100%

20 -
15 7
g W5 e W 100%
= B 75%
5 - B 50%
O £ T T 1
100% 75% 50%
Figure 11. Eco friendly and save water to tomato plant at different irrigation.
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Table 3. Water use efficiency of tomato plants as influenced by Eco-friendly hydrogel under
various irrigation levels.

Treatment Fielc.l Yield Water applied WUE
capacity (g/pot) (L/pot) (g/L)

100 595.0 54.0 11.02

Control 75 403.7 41.0 9.85
50 127.5 27.0 4.72

100 616.3 35.0 17.61

Pectin 75 467.5 26.0 17.98
50 191.3 17.5 10.93

100 807.5 35.0 23.07

Starch 75 633.3 26.0 24.36
50 233.8 17.5 13.36

100 935.0 35.0 26.71

Pectin + starch 75 658.8 26.0 25.34
50 297.5 17.5 17.00

*Water applied (L/pot) for tomato plants during the growth season.

FC while 15 L/pot for 75% and 9.5 L/pot for 50% FC during the growth season.
These results indicate to the effective role of these natural eco-friendly hydrogels
in reducing water loss in the soil by increasing water holding capacity of the soil
and consequently providing the roots of plants with more amounts of available
water than the control (soil without hydrogel). Therefore, the use of these natu-
ral eco-friendly hydrogels is a reliable amendment to increase water use effi-
ciency by plants through reducing water loss in the soil and saving valuable

amounts of water during the growth season.

4. Conclusion

Results of this study recommend the use of eco-friendly hydrogel as pectin, starch
and pectin-starch for reducing the damaging action of water shortage on tomato
growth and fruits quality without harmful effects on the environment. Natural
hydrogel applications caused increase soil water retention 35% and improve to-
mato growth and fruits quality under normal or drought conditions.
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