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Abstract

Research goal: This article presents the results of a research project aimed at demonstrating the effects and benefits
of using an organic ingredient, hydrogel (Hydro Start), to improve the germination and growth of Paulownia tomentosa
and Cupressus sempervirens seedlings.

Materials and Methods: The experiments started in May 2022 and were conducted in the CREA-OF greenhouses in
Pescia (PT) on seeded plants of Paulownia tomentosa and Cupressus sempervirens. The seeds were placed in pots with
various hydrogel capsules to determine whether there were any effects on germination and plant growth. Agronomic
analyses of the seeds and plants, microbiological analyses and substrate evaluation were also conducted.

Results and Discussion: The experiment showed that the use of hydrogel can improve the quality and resistance of
sown plants of Paulownia tomentosa and Cupressus sempervirens. In general, the improvement in average germination
time and plant growth was proportional to the number of hydrogel capsules inserted into the substrate at the time of
sowing; this also influenced the microbial colonisation of the soil. Studies show that the water retained by the hydrogel
forms a water reserve in the soil that can increase the water uptake efficiency of plants. Mixing superabsorbent
materials (hydrogels) with soils or growing media can significantly increase the water-holding capacity of the soil.
Water is available to plants for a longer period of time, making them more resistant, especially during transplanting.
Furthermore, the incorporation of hydrogels into the soil or growing media allows for improved germination, plant
growth and nutrient and water uptake.

Conclusions: Research shows that hydrogels can be used in a variety of ways due to their ability to retain water. These
innovations can also ensure and promote plant survival in drought conditions. The results show that new hydrogels
need to be evaluated not only for their physical properties, but also for their biological attributes related to the positive
and negative aspects that bind microorganisms to plants.
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1. Introduction

Agriculture is increasingly subject to abiotic stress (water, heat, salt) due to climate change, soil degradation, and
urbanization. Despite the increase in food demand, the need for water to irrigate crops is decreasing. In order to
maintain soil moisture and increase crop resistance to drought, new techniques and technologies must be developed.
Hydrogels, crosslinked materials that can absorb water without dissolving and provide plant nutrients, could be a
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solution to these environmental problems [1]. Proteins such as collagen and polysaccharides such as alginate are
typically found in hydrogels. Hydrogels are usually formed from synthetic polymers that are produced through chemical
polymerization [2,3]. When exposed to certain external stimuli, such as temperature, pH, or solvents, a hydrogel can
undergo drastic changes in volume as a result of a single polymer molecule sandwiched between a liquid and a solid. In
agriculture, petroleum products are usually used to improve the water retention of soils in dry environments. They can
also absorb water many times their weight. In water-scarce conditions, hydrogels have been shown to be very useful
for meeting the water needs of plants [4]. The water retention capacity of the sand was increased from 171% to 402%
by using these polymers at a dose of 2 g/kg in these studies. By improving the soil's water retention capacity, increasing
plant resistance, and reducing wilting, hydrogels reduce irrigation turnover [5]. Water can be absorbed by hydrogels
because of their particular swelling capacity, which depends on the polymer's structure and the external environment.
In order to study the swelling process, geometric dimensions were measured and the volume of liquid remaining in the
structure was recorded [6]. These water-absorbent polymers were developed exclusively for agricultural use in the late
1980s. The use of hydrogels can reduce synthetic fertilizers significantly, improving crop yields and nutritional value.
Especially in arid and semi-arid regions, sustainable practices would be beneficial. Furthermore, hydrogels are non-
toxic and can be used safely in agricultural environments [7].

1.1. Applications and structure of hydrogels

According to a number of studies, hydrogels can increase soils' capacity to hold water and, as a consequence, can prolong
their usefulness as a source of water for plants [8,9,10]. Due to the presence of hydrophilic groups, hydrogels are capable
of absorbing and retaining large volumes of liquids [11,12]. A common form of hydrogel in agriculture is a hybrid of
acrylate-based and cellulose-based [13]. An acrylate-based hydrogel is composed of synthetic polymers, such as
acrylamide, while cellulose-based hydrogels are naturally derived polysaccharides such as cellulose, chitin, and
chitosan. In comparison with acrylate or hybrid hydrogels, cellulose-based hydrogels are the most biocompatible,
biodegradable, and non-toxic [14,15]. The study by Demitri et al. (2013) [9] found that soil amended with a cellulose-
based hydrogel increased tomato plant survival by 14 days by increasing soil water retention and sustained water
release. In three soils with different textures, Womack et al. (2021) [16] evaluated the effects of a polyacrylate hydrogel
and a cellulose-based hydrogel on soil porosity and pore distribution. In contrast to unamended soils, adding hydrogels
to soils increased macroporosity (pores > 828 m) by atleast 12%. The hydrogel matrix can be mixed with liquid fertilizer
to produce slow-release fertilizers [17,18]. In addition to hydrogels' high swelling ability, fertilizers are diffused slowly
into the soil, which affects nutrients' release slowly [18]. In addition to improving plant nutrition, these slow release
fertilizers can reduce environmental impact, decrease evaporation losses, and decrease irrigation frequency [17,18]. It
was found by Cheng et al. (2018) [19] that urea fertilizer could be encapsulated with a superabsorbent HG for 40 days,
resulting in slow N release. According to Davidson et al. (2013) [17], fertilization with SRF doubled wheat seeds' mass
compared to conventional fertilization. Based on the same study, conventional fertilizer was reduced by 78% to obtain
the same plant yield in nutrient-depleted soil with SRF [17]. In these studies, it has been shown that the use of hydrogels
in plant production can have many advantages, but very little is known about the effect of hydrogels on the germination
and growth of difficult-to-germinate plants such as trees.

Objectives

This article presents the results of a research project aimed at demonstrating the effects and benefits of using a
biological ingredient, Hydrogel (Hydro Start), to improve the quality of seedlings of tree species such as Paulownia
tomentosa and Cupressus sempervirens, which often encounter difficulties at germination.

2. Material and methods

The experiments, which started in May 2022, were conducted in the greenhouses of CREA-OF in Pescia (Pt), Tuscany,
Italy (43°54'N 10°41'E) with Paulownia tomentosa (Figure 1A,1B) and Cupressus sempervirens. Seeds were placed in
pots with a diameter of 12 cm; 16 seeds per thesis were divided into four replicates of 4 seeds each.

The experimental groups were:

e  Group without hydrogel (CTRL) (peat 90% + sand 10%), watered with water and previously fertilized with (1
kg m-3 COMPO Floranid Starter NPK 17-23-8, three months);

e  Group with one hydrogel capsule near the seed (CP1) (peat 90% + sand 10%), watered with water;

e  Group with two hydrogel capsules near the seed (CP2) (peat 90% + sand 10%), irrigated with water;

e  Group with three hydrogel capsules near the seed (CP3) (peat 90% + sand 10%), irrigated with water.
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Hydrogel (Hydro Start) had the following characteristics: 78% organic carbon; 5,8% nitrogen; 1% phosphorus; 1,2%
potassium; 1% sulfur. Substrate pH was 6.8.

A single irrigation per day was provided for eight months to the plants. Using drip irrigation, plants were watered. It
was activated by a timer, whose program was adjusted weekly according to climatic conditions and leaching
percentages. Plant height, vegetative weight, root weight, the number of germinated seeds, average germination time,
number of microorganisms in the substrate, and pH were measured on 4 December 2022.

2.1. Analysis methods

e pH: For pH measurement, 1 kg of the substrate was taken from each plant, and 50 g of the mixture was placed
in a beaker containing 100 ml of distilled water. After 2 hours, the water was filtered and analyzed [20];

e Microbial count: direct determination of total microbial count by microscopy of cells contained in a known
sample volume using counting chambers (Thoma chamber). The surface of the slide is etched with a grid of
squares, with the area of each square known. Determination of viable microbial load after serial decimal
dilutions, spatula seeding (1 ml) and plate counting after incubation [21];

e Analytical instruments: [IP67 PHmeter HI99 series - Hanna instruments; combined test kit for soil analysis -
HI3896 - Hanna instruments; Microbial diversity of culturable cells [22].

2.2. Statistics

The experiment was carried out in a randomized complete block design. Collected data were analyzed by one-way
ANOVA, using GLM univariate procedure, to assess significant (P < 0.05, 0.01 and 0.001) differences among treatments.
Mean values were then separated by the LSD multiple-range tests (P = 0.05). Statistics and graphics were supported by
the programs Costat (version 6.451) and Excel (Office 2010).

3. Results

According to the experiment, hydrogels improved the quality and resistance of Paulownia tomentosa and Cupressus
sempervirens plants sown (Figure 1). Plant growth in general and germination times were improved by inserting a
greater number of hydrogel capsules in soil at sowing; soil microbial colonization was also improved. Microbial
colonization in soils was higher with a higher number of hydrogel capsules (3 capsules). There was a significant increase
in plant height in Paulownia tomentosa among all three experimental types (CP1, CP2, and CP3) (Table 1) (Figure 2).
With hydrogel capsules, plants showed a significant decrease in pH, vegetation and root weight, germination time and
germination rate, as well as microorganism numbers.

It was also observed that the hydrogel significantly reduced the average germination time and increased plant growth
in Cupressus sempervirens (Table 2). Again, theses with two or three hydrogel capsules performed better in terms of
plant height, vegetative and roots growth (Figure 3) and microbial colonization of the substrate. Unlike Paulownia
tomentosa, no differences in substrate pH were detected between the different theses.

Table 1 Evaluation of hydrogel use on the agronomic characters of Paulownia tomentosa

Pl?nt Vegetative RO.OtS Germinated | Germination Su_bstra-te Ph
Groups | height weight (g) weight seeds (n°) time (days) microbial substrate
(cm) gntis () y Count (cfu/g)

CTRL 13.33b 6.65c 531b 1.67b 19.00 a 1.30x 102 ¢ 6.76 a
CP1 20.00a 7.40b 6.01a 3.33a 16.33b 8.60x102b 6.67b
CP2 19.67 a 7.59 ab 6.08 a 3.00a 15.33b 1.05x103a 6.63Db
CP3 1833 a 7.71a 6.10 a 3.67a 15.67b 1.08x103a 6.60b

One-way ANOVA; n.s. - non significant; ****** — significant at P < 0.05, 0.01 and 0.001, respectively; different letters for the same element indicate
significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05).Legend: (CT) control; (CP1) 1 capsule ;(CP2) 2 capsules; (CP3) 3
capsules
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Table 2 Evaluation of hydrogel use on the agronomic characters of Cupressus sempervirens

Plant Vegetative | Roots . Germination Substrate
. . . Germinated . . . pH
Groups | height weight weight ds (n°) time microbial bstrat
seeds (n° substrate
(cm) (8) (8) (days) Count (cfu/g)

CTRL 12.30b 6.38d 5.25b 19.63 b 16.80 a 1.40x102d 6.76 a
CP1 1292 a 6.54 c 5.85a 20.61 ab 14.40Db 7.77x10%c 6.72 a
CP2 1291a 691b 5.87a 24.22a 14.00b 9.51x10%b 6.78 a
CP3 13.04a 6.96 a 5.95a 20.44 b 14.80b 1.01x103a 6.72 a

ANOVA *kskk skksk *kskk ns *kkk *kskk ns

One-way ANOVA; n.s. - non significant; ****** — significant at P < 0.05, 0.01 and 0.001, respectively; different letters for the same element indicate
significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05).Legend: (CT) control; (CP1) 1 capsule ;(CP2) 2 capsules; (CP3) 3
capsules

Figure 1 Effect of Hydrogel on the vegetative growth of Paulownia tomentosa and Cupressus sempervirens plants,

control (CTRL) vs two hydrogel capsules (CP2)

Figure 2 Effect of Hydrogel on the vegetative and radical growth of Paulownia tomentosa plants, control (CTRL), one

hydrogel capsule (CP1), two hydrogel capsules (CP2), three hydrogel capsules (CP3)
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Figure 3 Effect of Hydrogel on radical growth of Cupressus sempervirens plants, control (CTRL) vs two hydrogel
capsules (CP2)

4. Discussion

Hydrogels have been applied to agriculture to enhance soil water retention capacity and to promote plant germination
and growth in soils with extreme conditions, especially when there is no water available [23,24,25,26]. Also, hydrophilic
polymers have been used to facilitate plant survival and transplantation of trees and shrubs in arid regions on the
African and Australian continents. Anionic polymers have shown the best results for seed emergence and soil water
retention [27,28,29,30].

In order for hydrogels to have a beneficial effect on plant growth, they need to be used and applied to the soil, growing
medium, or directly to the plants. Spraying hydrogels over the roots isn't enough, for example [31]. The hydrogel
capsules were found to work better if they were layered a few centimeters above the soil surface [32,33]. This was also
observed in this experiment, where the capsules were placed alongside the seeds in the substrate. As a result, the
properties of these products were fully used, which resulted in Paulownia tomentosa and Cupressus sempervirens plants
growing and being of excellent quality. Several factors must be considered when using hydrogels, including the quality
and type of hydrogel, the size of the granules, the application, and the type of plant.

Hydrogels can create a water reserve in the soil, which can increase the efficiency of plant water uptake [34,35]. It is
possible to significantly increase the water-holding capacity of cultivation soils or substrates by mixing superabsorbent
materials (hydrogels) with them. Especially during transplantation, plants are more resilient because water is available
for longer periods of time [36,37,38]. In addition, incorporating hydrogels into the soil or growing medium improves
germination, plant growth, and nutrient and water absorption [39,40,41].

In addition to ultraviolet radiation, fertiliser salts, and freezing and thawing processes, the hydrogel can be degraded by
environmental factors [42,43,44,45]. Microorganisms such as Acinetobacter sphaericus and Bacillus sphaericus are
capable of degrading polyacrylamide gels, while fungi such as Phaenorochaete chrysosporium and Pleurotus ostreatus
can degrade them. The soil microbes dissolve the polymer and make it more susceptible to further degradation [46].
The microorganism populations in the hydrogel-treated theses were significantly higher than those in control theses,
likely because the polymers provide more water reserves for the substrate, and they can maintain favourable conditions
for microorganisms in the rhizosphere for longer periods, which is beneficial to plant growth [47,48]. Abo-Sedera
(2006) [49] examined the effects of hydrogels on microbial activities, concluding that they contributed to a 127%
increase in bugs and 23% increase in fungi. Hydrogels have also been found to increase bacterial aggressiveness and
the number of bacteria (16%) and fungi (18%) [50]. For a better understanding of polyacrylate hydrogel degradation,
longer studies may be required. Incorporating biofertilizing microorganisms into hydrogels could represent an
important future research prospect for controlling fungi and bacteria that degrade polyacrylamide gel, as well as
improving plant growth.
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5. Conclusion

Research shows that hydrogels have many uses due to their ability to bind water. The polymers can absorb up to 600
times their weight in water and alter the water capacity of the growing medium to promote the growth of plant species
under water-stressed conditions. In addition, these innovations can help ensure and promote plant survival under
drought conditions. Further experiments are currently underway to evaluate hydrogels for germination,
transplantation, and acclimatization of various plant species. The results show that new hydrogels need to be evaluated
not only for their physical properties, but also for their biological attributes related to the positive and negative aspects
that bind microorganisms to plants.

Compliance with ethical standards

Acknowledgments

The research is part of the project “HYDROPLANT”: Study on the application of Hydrogel in substrates for cultivating
vegetable and ornamental plants". Thanks to the company Bios Hydrogel Srl (Padova) for funding the project.

Disclosure of conflict of interest

The author declares no conflict of interest.

Statement of ethical approval

The present research work does not contain any studies performed on animal/human subjects.

References

[1]  Prisa D and Guerrini G. (2022). Hydrogel application in the germination and growth of Zea mays and Solanum
lycopersicum  seedlings. GSC Advanced Research and Reviews, 2022, 12(03), 026-032.
10.30574/gscarr.2022.12.3.0233.

[2] Ahmad M and Verplancke H. (1994). Germination and biomass production as affected by salinity in Hydrogel
treated sandy soil. Pakistan J. Forest., 44, 53-61.

[3] Akhter ], Mahmood K, Malik KA, Mardan A, Ahmad M and Igbal MM. (2004). Effects of hydrogel amendment on
water storage of sandy loam and loam soils and seedling growth of barley, wheat and chickpea. Plant Soil and
Environment, 50(10), 463-469.

[4] Asghari S, Abbasi F and Neyshabouri MR. (2011). Effects of soil conditioners on physical quality and bromide
transport properties in a sandy loam soil. Biosystem Engineering, 109, 90-97.

[5] Baasiri M, Ryan ], Mucheik M and Harik SN. (1986). Soil application of a hydrogel conditioner in relation to
moisture, irrigation frequency and crop growth. Communications in Soil Science and Plant Analysis 17, 573-589.

[6] Bakass M, Mokhlisse A and Lallemant M. (2002). Absorption and desorption of liquid water by a superabsorbent
polymer: Effect of polymer in the drying of the soil and the quality of certain plants. ] Appl. Polym. Sci. 83, 234-
243.

[7] Bearce BC and McCollum RW. (1977). A comparison of peat lite and noncomposted hardwood-bark mixes for use
in pot and bedding-plant production and the effect of a hydrogel on their performance. Flor. Rev. 161, 21-23.

[8] Abrisham ES, Jafari M, Tavili A, Rabii A, Zare Chahoki MA, Zare S, Egan T, Yazdanshenas H, Ghasemian D and
Tahmoures M (2018). Effects of a super absorbent polymer on soil properties and plant growth for use in land
reclamation. Arid L. Res. Manag. 32, 407-420. https://doi.org/10.1080/15324982.2018.1506526.

[9] Demitri C, Scalera F, Madaghiele M, Sannino A and Maffezzoli A. (2013). Potential of cellulose-based
superabsorbent hydrogels as water reservoir in agriculture. Int. J]. Polym. Sci. 2013.
https://doi.org/10.1155/2013/435073.

[10] Thombare N, Mishra S, Siddiqui MZ, Jha U, Singh D and Mahajan GR. (2018). Design and development of guar gum
based novel, superabsorbent and moisture retaining hydrogels for agricultural applications. Carbohydr. Polym.
185, 169-178. https://doi.org/10.1016/j.carbpol.2018.01.018.

126


https://doi.org/10.1080/15324982.2018.1506526
https://doi.org/10.1155/2013/435073
https://doi.org/10.1016/j.carbpol.2018.01.018

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

GSC Advanced Research and Reviews, 2023, 14(02), 121-128

Rudzinski WE, Dave AM, Vaishnav UH, Kumbar SG, Kulkarni AR and Aminabhavi TM. (2002). Hydrogels as
controlled release devices in agriculture. Des. Monomers Polym. 5, 39-65.
https://doi.org/10.1163/156855502760151580.

Thakur VK and Thakur MK. (2015). Recent advances in green hydrogels from lignin: A review. Int. ]J. Biol.
Macromol. 72, 834-847. https://doi.org/10.1016/j.ijbiomac.2014.09.044.

Turioni C, Guerrini G, Squartini A, Morari F, Maggini M and Gross, S. (2021). Biodegradable hydrogels: evaluation
of degradation as a function of synthesis parameters and environmental conditions. Soil Syst. 5, 47.
https://doi.org/10.3390/SOILSYSTEMS5030047.

Aminabhavi TM and Deshmukh AS. (2016). Polysaccharide-based hydrogels as biomaterials. Springer
International Publishing, Switzerland. https://doi.org/10.1007/978-3-319-25322-0_3.

Sannino A, Demitri C and Madaghiele M. (2009). Biodegradable cellulose-based hydrogels: design and
applications. Materials (Basel). 2, 353-373. https://doi.org/10.3390/ma2020353.

Womack NC, Piccoli I, Camarotto C, Squartini A, Guerrini G, Gross S, Maggini M, Cabrera ML and Morari F. (2022).
Hydrogel application for improving soil pore network in agroecosystems. Preliminary results on three different
soils. Catena 208. https://doi.org/10.1016/j.catena.2021.105759.

Davidson DW, Verma MS and Gu FX. (2013). Controlled root targeted delivery of fertilizer using an ionically
crosslinked carboxymethyl cellulose hydrogel matrix. Springerplus 2, 1-9. https://doi.org/10.1186/2193-1801-
2-318.

Ramli RA. (2019). Slow release fertilizer hydrogels: A review. Polym. Chem. 10, 6073-6090.
https://doi.org/10.1039/c9py01036;j.

Cheng D, Liu Y, Yang G and Zhang A. (2018). Water- and fertilizer-integrated hydrogel derived from the
polymerization of acrylic acid and urea as a slow-release N fertilizer and water retention in agriculture. J. Agric.
Food Chem. 66, 5762-5769. https://doi.org/10.1021/acs.jafc.8b00872.

Prisa D. (2022). Beneficial interaction between algae and rhizobacteria in the cultivation and defense of potted
succulent plants. EPRA International Journal of Agriculture and Rural Economic Research (ARER). 10(3), 18-26.

Prisa D and Centomo G. (2022). Microbial processing of tannery waste for compost production in the growth and
quality improvement of ornamental plants. GSC Advanced Research and Reviews, 12(01), 135-144.

Prisa D. (2022). Natural acidifier application with effects on soil microbial activity in Swiss chard, Tuscany black
cabbage and Tetragonia tetragonioides cultivation.EPRA International Journal of Agriculture and Rural Economic
Research (ARER), 10(5), 25-33.

Boartright JL, Balint DE, Mackay WA and Zajicek JM. (1997). Incorporation of a hydrogel into annual landscape
beds. Journal of Environmental Horticulture 15, 37-40.

Callaghan TV, Abdelnour H and Lindley DK. (1988). The environmental crisis in the Sudan: the effect of
waterabsorbing synthetic polymers on tree germination and early survival. Journal of Arid Environments 14,
301-317.

Callaghan TV, Lindley DK, Ali OM, Abdelnour H and Bacon P]. (1989). The effect of water-absorbing synthetic
polymers on the stomatal conductance, growth and survival of transplanted Eucalyptus microtheca seedlings in
the Sudan. Journal of Applied Ecology 26, 663-672.

Dehkordi KD. (2017). Effect of superabsorbent polymer on salt and drought resistance of eucalyptus globulus.
Applied Ecology and Environmental Research, 15(4), 1791-1802.

Demitri C, Del Sole R, Scalera F, Sannino A, Vasapollo G, Maffezzoli A, Ambrosio L and Nicolais L. (2008). Novel
superabsorbent cellulose-based hydrogels crosslinked with citric acid. Journal of AppliedPolymer Science, 110,
2453-2460.

Ekebafe LO, Ogbeifun DE and Okieimen FE. (2011). Polymer applications in agriculture. Biokemistri, 23(2), 81-
89.

El-Asmar ], Jaafar H and Bash 1. (2017). Hydrogel banding improves plant, survival, and water use efficiency in
two calcareous soils. Clean Soil Air Water, 47(7), 1700251.

El-Hady OA, Tayel MY and Lofty AA. (1981). Super gel as a soil conditioner: its effect on plant growth, enzymes
activity, water use efficiency and nutrient uptake. Acta Horticulturae, 119(22), 257-265.

127


https://doi.org/10.1163/156855502760151580
https://doi.org/10.1016/j.ijbiomac.2014.09.044
https://doi.org/10.3390/SOILSYSTEMS5030047
https://doi.org/10.1007/978-3-319-25322-0_3
https://doi.org/10.3390/ma2020353
https://doi.org/10.1016/j.catena.2021.105759
https://doi.org/10.1186/2193-1801-2-318
https://doi.org/10.1186/2193-1801-2-318
https://doi.org/10.1039/c9py01036j
https://doi.org/10.1021/acs.jafc.8b00872

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

GSC Advanced Research and Reviews, 2023, 14(02), 121-128

Gehring JM and Lewis A]. (1980). Effect of Hydrogel on wilting and moisture stress of bedding plants. Journal of
American Society of Horticultural Science 105, 511-513.

Gilbert C, Peter S, Wilson N, Edward M, Francis M and Sylvester K. (2014). Effects of Hydrogels on Soil Moisture
and Growth of Leucaena Pallida in Semi Arid Zone of Kongelai, West Pokot County. Open Journal of Atmospheric
and Climate Change, 1(2), 2374-3794.

Huttermann A, Zommorodi M and Reise K. (1999). Addition of hydrogels to soil for prolonging the survival of
Pinus halepensis seedlings subjected to drought. Soil and Tillage Research 50, 295-304.

Huttermann A, Zommorodi M and Reise K. (1999). Addition of Hydrogels to Soil for Prolonging the Survival of
Pinushalepensis Seedlings Subjected to Drought. Soil Tillage Research, 50, 295-304.

Ingram DL and Yeager TH. (1987). Effect of irrigation frequency and a water-absorbing polymer amendment on
Ligustrum growth and moisture retention by a container medium. J. Environ. Hort,, 5, 19-21.

Mikkelsen RL. (1994). Using hydrogels to control nutrient release. Fertilizer Research 38, 53-59.

Narjary B, Pramila A, Anupama S, Debashis C and Ravender S. (2012). Water availability in different soils in
relation to hydrogel application. Geoderma, 187-188, 94-101.

Orikiriza L]B, Agaba H, Tweheyo M, et al. (2009). Amending soils with hydrogels increases the biomass of nine
tree species under non-water stress conditions. Clean-Soil Air Water, 37(8), 615-620.

Ovalesha MA, Yadav B and Rai PK. (2017). Effects of polymer seed coating and seed treatment on plant growth,
seed yield and quality of Cowpea (Vigna unguiculata). Journal of Pharmacognosy and Phytochemistry, 6(4), 106-
1009.

Roy T, Kumar S, Chand L, Kadam DM, Bihari B, Shrimali SS et al. (2019). Impact of Pusa hydrogel application on
yield and productivity of rainfed wheat in North West Himalayan region. Current Science, 116(7), 10-19.

Save R, Perv N, Marfa O and Serrano L. (1995). The effect of hydrophilic polymer on plant and water status and
survival of pine seedlings. HortTechnology 5, 141-143.

Singh A, Sarkar D], Singh AK, Parsad R, Kumar A and Parmar BS. (2011). Studies on novel nanosuperabsorbent
composites: Swelling behavior in different environments and effect on water absorption and retention properties
of sandy loam soil and soilGless medium. Journal of Applied Polymer Science, 120(3), 1448-1458.

Specht A and Harvey-Jones ]. (2000). Improving water delivery to the roots of recently transplanted seedling
trees: the use of hydrogels to reduce leaf and hasten root establishment. Forest Research 1, 117-123.

Viero PWM, Little KM and Oscroft DG. (2000). The effect of a soil-amended hydrogel on the establishment of
Eucalyptus grandis x E. camaldulensis clone grown on the sandy soils of Zululand. South African Forestry Journal
188, 21-28.

Wallace A and Wallace GA. (1986). Effect of polymeric soil conditioners on emergence of tomato seedlings. Soil
Science 141, 321-323.

Wang YT and Gregg LL. (1990). Hydrophilic polymers-their response to amendments and effect on properties of
a soilless potting mix. Journal of the American Society for Horticultural Science, 115, 943-948.

Woodhouse JM and Johnson MS. (1991). The effect of a gel forming polymer on seed germination and
establishment. J. Arid Environ., 20, 375-380.

Zohuriaan-Mehr M] and Kabiri K. (2008). Superabsorbent polymer materials: a review. IranianPolymer Journal,
17(6), 451.

Abo-Sedera E-HO. (2006). Conditioning effect of composts and acrylamide hydrogels on a sandy calcareous soil .
[I-physico-bio-chemical properties of the soil. Int. J. Agric. Biol. 8, 876-884.

Parvathy PC, Jyothi AN, John KS and Sreekumar J. (2014). Cassava starch based superabsorbent polymer as soil
conditioner: Impact on soil physico-chemical and biological properties and plant growth. Clean - Soil, Air, Water
42,1610-1617. https://doi.org/10.1002/clen.201300143

128


https://doi.org/10.1002/clen.201300143

