
 

  

 

Enhancing drought resilience and sustainability in Solanum lycopersicum  

L cultivation: Synergistic effects of nano-fertilizer and hydrogels 

M. Naga Jayasudha 
Department of Life Sciences (Environmental Science Division), GITAM School of Sciences, 

GITAM (Deemed to be University), Visakhapatnam-530045 (Andhra Pradesh), India 

M. Kiranmai Reddy* 
Department of Life Sciences (Environmental Science Division), GITAM School of Sciences, 

GITAM (Deemed to be University), Visakhapatnam-530045 (Andhra Pradesh), India 

A. Madhavi 
Department of Microbiology, Karnatak University, Dharwad-580003 (Karnataka), India 

 

*Corresponding author. E-mail:  kmajji@gitam.edu 

Article Info 

https://doi.org/10.31018/

jans.v17i2.6560   
Received: January 17, 2025 

Revised: May 21, 2025 

Accepted: May 29, 2025 

 This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.    

753 - 759
ISSN : 0974-9411 (Print), 2231-5209 (Online) 

             journals.ansfoundation.org   

Research Article 

INTRODUCTION 

 

The stress of drought is a significant question in global 

agriculture, specifically in arid and semi-arid regions, 

where water scarcity severely restricts crop production 

and soil quality. Recent improvements in agricultural 

sectors have emphasized the crucial role of hydrogels 

and nano fertilizers in minimizing the adverse effects of 

drought on crops. Hydrogels are well known for their 

better absorbent properties, which enhance soil water 

retention and nutrient availability, thus supporting plant 

growth under water-deficient conditions (Patra et al., 

2022). The past study reflects that using biodegradable 

hydrogels has been shown to conserve water, sustain 

nutrients, and improve agricultural productivity during 

hydrological droughts (Skrzypczak et al., 2020). How-

ever, hydrogels extracted from agricultural waste, such 

as watermelon rind, have explained substantial im-

provements in soil water retention, increasing drought 

resilience in barley by 77.46% (Teng et al., 2024). 

These observations pose the versatility and effective-

ness of hydrogels in improving drought tolerance 

across diverse cropping systems. Parallel to the ad-

vancements in hydrogel technology, nano fertilizers 

have emerged as a transformative solution for improv-

ing nutrient delivery and mitigating abiotic stresses. In 

previous research, nano-chelated fertilizers have im-

proved water use efficacy and decreased yield losses 
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in wheat under minimal irrigation conditions (Tang et 

al., 2023). Similarly, nano-silicon fertilizers have been 

reported to enhance physiological traits and nutrient 

uptake in crops exposed to drought stress (El-Beltagi et 

al., 2023). The fusion of these technologies provides a 

synergistic approach to resolving the dual challenges of 

water scarcity and nutrient inefficiency in modern agri-

culture. 

The combined treatment of hydrogels and nano fertiliz-

ers has improved drought resilience and enhanced crop 

productivity. In a study by Sharma et al. (2021), nano-

composite hydrogels exhibiting nitrogen, phosphorus, 

and potassium fertilizer have been found to regulate 

nutrient release effectively while maintaining soil mois-

ture. The synergistic use of iron oxide nanoparticles 

and hydrogels increased biomass and antioxidant en-

zyme activities under drought stress in rice cultivation, 

as to George et al. (2019). These findings emphasize 

the significance of exploring integrated approaches that 

leverage the strengths of both hydrogels and nano ferti-

lizers. 

Despite these innovations, significant research gaps 

remain in understanding these technologies' long-term 

impacts and scalability in diverse agroecological con-

texts. The benefits of hydrogels in maintaining soil 

structure and fertility during drought conditions have 

been validated in crops such as rice and wheat 

(Rajanna et al., 2022), their performance in other value-

aided crops like Solanum lycopersicum L (tomato) re-

mains underexplored. Likewise, the role of nano fertiliz-

ers in modulating osmolyte metabolism and improving 

antioxidant activities in tomatoes has been studied 

(Ahanger et al., 2021), but there is a limited under-

standing of their combined effect with hydrogels on soil 

health and crop yield. Additionally, the environmental 

advantages of these technologies, such as reduced 

chemical usage and improved ecological sustainability, 

warrant further exploration to establish their potential as 

an alternative to traditional agricultural practices (Singh 

et al., 2023). 

The present study addresses the research gaps by as-

sessing the combined effects of hydrogels and nano 

fertilizers on soil parameters and the productivity of So-

lanum lycopersicum L under drought conditions. This 

study aimed to understand sustainable strategies for 

improving agricultural resilience in drought-affected 

regions by systematically assessing the impacts of  

different treatment combinations, including traditional 

fertilizers and nano fertilizers, and their integration with  

hydrogels. 

 

MATERIALS AND METHODS 

 

In this study, commercially available liquid NANO DAP 

(Di-ammonium phosphate) (IFFCO, India), MAGIC HY-

DROGEL (Poly acrylate -Acuro Organic Limited Noida, 

India) and solid DAP 18-46-0 (IFFCO, India) were pro-

cured from local agricultural vendors in Hyderabad. 

Seeds of Solanum lycopersicum L were also fetched 

from the local market in Ananthapuramu. The study 

was conducted in the arid region of Ananthapuramu 

district of Andhra Pradesh,  India (latitude of 14.71031 

and longitude of 77.8117), characterized by low annual 

precipitation averaging 600 mm, which radically reduc-

es agricultural productivity.. Soil samples were collect-

ed from disparagingly water-lacking regions both before 

and after harvest. Standard physicochemical character-

istics, including soil texture measured by Bouyocous 

method (Mwendwa 2022), bulk density was calculated 

by Blake and Hartage method (Jabro and Mikha 2021), 

moisture content using the gravimetry method (Susha 

et al., 2014), water holding capacity, pH, electrical con-

ductivity (EC) by Rhoades (Wang et al, 2014) organic 

carbon (C) by Walkley-Black Chromic acid wet oxida-

tion method (Nelson & Sommers, 1982), nitrogen (N) 

was determined by Kelpus apparatus, phosphorus (P) 

was measured by Olesences method (Olsen 1954), 

potassium (K) was determined by ammonium acetate 

extraction method (Hafez et al. 2021), microbial as-

sessment such as soil microbial biomass carbon 

(SMBC), soil microbial biomass nitrogen (SMBN), was 

assessed by chloroform fumigation method (Witt et al., 

2000) were measured to confirm uniformity and suita-

bility for S.lycopersicum L cultivation.  

A completely randomized block design (CRBD) with 

five treatment groups and three replicates was used to 

estimate the effectiveness of fertilizers and hydrogels 

under drought conditions. Treatments included a con-

trol, full-dose traditional DAP (0.014 kg/sqm) (Chuma et 

al., 2022), DAP with hydrogel (0.014kg/sqm + 0.00049 

kg/sqm) (2% w/w), nano DAP at 50% dosage (0.12 ml/

sqm), and nano DAP combined with hydrogel (0.12 ml/

sqm + 0.5mg/sqm) (2% w/w). Hydrogel exhibited a 400 

g/g water absorption capacity, and nano DAP facilitated 

gradual nutrient release. Seedlings were transplanted 

with 50x50 cm spacing. Irrigation followed local practic-

es until controlled drought stress was imposed at the 

mid-flowering stage by withholding irrigation for 14 

days. The nano DAP foliar application was performed. 

For every 25 days of the interval, the plant height of the 

selected crop was measured. Once the yield was tak-

en, the complete height was measured. 

 

Data analysis 

 Data were statistically assessed using ANOVA and 

Tukey’s HSD test to determine significant differences 

(p<0.05) between treatments. 

 

RESULTS AND DISCUSSION 

 

The soil texture for all amendments, including control, 

DAP, DAP+Hydrogel, Nano DAP and Nano 
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DAP+Hydrogel, persisted uniform as red sandy soil 

both before and after harvest of the two consecutive 

year study of 2022 to 2024, as shown in Tables 1 and 

2, which indicated that the applied treatments did not 

alter the intrinsic physical properties of the soil during a 

short period of time. Soil texture is a basic parameter 

that typically remains unchanged in the short term, 

agreeing with earlier research by Kiani et al. (2017), 

who remarked that soil alterations mostly influence 

chemical and biological parameters rather than physi-

cal texture. The stability of the red sandy soil texture 

improves its suitability for evaluating the effects of 

moisture-retaining extracts in this study.  

The bulk density of the soil reduced significantly across 

all amendments, with the Nano DAP + Hydrogel treat-

ment displaying the most noticeable reduction from 

1.51±0.007 & 1.49±0.010 g/cc before to 1.18±0.051 & 

1.15±0.03 g/cc post-harvest (Table 2). This decline 

emphasizes the improvements in soil structure acceler-

ated by hydrogel incorporation, which generates mi-

cropores and increases porosity. The past study by 

Narjary and Aggarwal (2014) similarly reported reduced 

compaction in hydrogel-treated soils, which increases 

root penetration and water transport. The addition of 

Nano DAP further braced these structural enhance-

ments by promoting particle aggregation, consistent 

with observations from Dimkpa et al. (2023). These 

reductions in bulk density are particularly beneficial in 

semi-arid conditions, as they improve aeration and root 

development, a crucial factor for plant growth. Soil wa-

ter-holding capacity improved remarkably in hydrogel-

treated plots, with the Nano DAP+hydrogel amendment 

attaining the most significant improvement from 29.3 ± 

0.15% in 2022-23 years & 26.3±1.0% 2023-24 years 

pre-harvest to 78 ± 0.85 & 79±1.22% post-harvest 

(Table 2). The results emphasize the superabsorbent 

properties of hydrogels, which can retain and gradually 

release water into the soil. Skrzypczak et al. (2020) 

have given a similar study where the biodegradable 

hydrogel significantly improves water retention and miti-

gates crop stress. Furthermore, including Nano DAP + 

hydrogel improved water retention by reducing nutrient 

leaching, as corroborated by Teng et al. (2024), who 

also showed that combining hydrogels with nano ferti-

lizers improved soil hydration and nutrient efficiency in 

silt loam type of soil in Los Ban ˜os, South-Luzon . 

These findings suggested the effectiveness of such 

combinations in drought regions where water conser-

vation is essential. Similarly, the moisture content of 

the soil also enhanced incredibly in the hydrogel-

treated plots, with the nano DAP + hydrogel amend-

ment attaining the highest post-harvest value of 2.17 

±0.13 & 2.91±0.23 % (Table 2), indicating the provision 

of hydrogels for the consistent water supply to the 

plants even during the extended dry periods. Similar 

findings showed that hydrogel prolongs soil moisture 

retention and improves crop resilience in sandy loam 

soils of Meybod (Yazd province, Iran) (Besharati et al., 

2022). The synergistic action of Nano DAP comple-

ments this benefit by releasing nutrients in alignment 

with water availability, as observed in earlier studies by 

Dimpka et al. (2023). 

The pH of the soil remained constant in all treatments, 

with the Nano DAP + Hydrogel treatment maintaining a 

near neutral of 6.08±0.43 & 7.10±0.68 post-harvest 

(Table 2). This stability is crucial for optimizing nutrient 

availability and microbial activity. Dimpka et al. (2023) 

reported that nano fertilizers help regulate soil pH in 

phosphate-depleted soils from New Haven, Connecti-

cut, United States, by inhibiting the rapid accumulation 

of acidic residues, thereby assisting long-term soil fer-

tility. Even the EC has shown an increment in all 

amendments, with the DAP treatment showing the 

highest value of 1.6±0.12 & 1.56±0.71 dS/m. This 

specifies nutrient accumulation in the soil, which is reli-

able with the findings of Dou et al. (2023) in Atlanta, 

US, who stated that hydrogels and nano fertilizers de-

crease leaching loss, improving nutrient retention and 

conductivity. The organic carbon content increased 

significantly with the Nano DAP + Hydrogel treatment, 

showing the highest post-harvest value of 0.25 ±0.078 

& 0.26±0.013 % (Table 2). This increment (p<0.05) 

implies enhanced organic matter decomposition due to 

the moisture-retaining properties of hydrogels, which 

create promising conditions for the activity of microbes. 

Hydrogel-treated soils exhibit higher organic carbon 

S.No. Parameters 2022-2023 2023-2024 

1 Soil Texture Red sandy soil Red sandy soil 

2 Soil Bulk Density (g/cc) 1.51±0.007 1.49±0.010 

3 Water Holding Capacity (%) 25.1±0.41 26.3±1.0 

4 Moisture content (%) 1.44±0.03 1.40±0.08 

5 pH 6.35±0.50 6.66±0.43 

6 Electrical Conductivity (dS/m) 0.56±0.005 0.57±0.005 

7 Organic Carbon (%) 0.09±0.004 0.10±0.007 

8 Nitrogen (kg/ha) 167±10.3 171±18.3 

9 Phosphorus (kg/ha) 36±2.44 39±4.33 

10 Potassium (kg/ha) 351±28.17 362±33.87 

11 Soil Microbial Biomass Carbon (µg/g) 51±3.22 54±3.45 

12 Soil Microbial Biomass Nitrogen(µg/g) 6±0.32 6.5±1.20 

Table 1. Soil physicochemical and biological characteristics of studied regions 
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levels, which improve soil fertility and structure, accord-

ing to Dhiman et al. (2021); even Nano DAP additional-

ly contributed to the enhancement by encouraging mi-

crobial proliferation and organic matter cycling, with 

previous research conducted in Quebec, Canada. 

The concentration of nitrogen (N), phosphorus (P), and 

potassium (K) improved across all the amendments, 

with the Nano DAP +Hydrogel treatment showing a 

maximum level of 199±10.53 & 220±29.1 kg/ha post-

harvest (Table 2). The foliar application of Nano DAP + 

Hydrogel has enhanced nutrient availability in the soil, 

which has been observed by similar studies performed 

by Ahmadian et al. (2021) in West Azerbaijan, Iran, 

noticing that the nano fertilizers increased nutrient use 

efficiency and reduced the environmental impact of 

traditional fertilizers. Similarly, phosphorus and potassi-

um levels of the Nano DAP + Hydrogel have improved 

post-harvest (p<0.05), mitigated leaching and support-

ing plant growth; these discoveries align with Patra et 

al. (2022), who testified that hydrogels regulate nutrient 

release to match plant requirements, thereby improving 

nutrient accessibility when experiments were performed 

in Nadia, West Bengal. 

The study on biological aspects, which includes soil 

microbial biomass carbon (MBC) and soil microbial 

biomass nitrogen (MBN), showed significant improve-

ments in soils treated with hydrogels and Nano DAP 

(Table 2). The Nano DAP + Hydrogel has shown an 

increase in microbial biomass nitrogen at 29±1.17 & 

35±0.12 µg/g. This improvement reflects a favorable 

environment for microbial growth, driven by improved 

soil moisture and nutrient availability. Similar observa-

tions were made by Rahim et al. (2021) that using hy-

drogels and nano fertilizers enhanced microbial activity, 

facilitating nutrient cycling, which is important for soil 

health. 

Here, the scatter plot emphasizes the performance of 

various treatments over four time points, with Nano 

DAP+HG showing higher results across all days (Fig. 

1). This treatment achieved superior mean values, par-

ticularly at 75 and 90 days, representing its strong ef-

fectiveness. Nano DAP also performed well, maintain-

ing higher values compared to other amendments. 

While other treatments like DAP and DAP HG also per-

formed moderately, the control with no treatments 

showed weak performance. The present studies were 

correlated with Motamedi et al. (2023), who studied in 

Karaj, Iran, where the DAP and hydrogel combination 

showed a moderate height of the tomato plant. The 

crop yield has shown a significant increase in Nano 

DAP + Hydrogel in the two consecutive years, which is 

clearly seen in Fig. 2. 

The study is innovative in its focus on integrating these 

two technologies to enhance water retention, nutrient 

efficiency, and microbial activity in soils subjected to 

prolonged water deficiency. The combined application 

of Nano DAP and hydrogels supported a synergistic 

effect on improving soil parameters under drought con-

ditions. Notable enhancements in water retention, nutri-

ent availability, and microbial activity underscore the 

potential of these amendments for promoting sustaina-

ble agriculture. These findings align with prior research 

and provide compelling evidence for adopting such tech-

nologies to mitigate drought impacts in sandy loam soils 

of semi-arid Ananthapuramu district and improve agricul-

tural productivity of S. lycopersicum L in arid regions. 

Fig. 1.  Illustrating the scatter plot of plant height of (Solanum lycopersicum L) on different days till harvest in 2022-23 & 

2023-24 years 
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Conclusion 

 

The integration of Nano DAP and Hydrogel showed 

significant improvements in soil characteristics and S. 

lycopersicum L crop yield under drought conditions of 

Ananthapuramu district of Andhra Pradesh, with the 

Nano DAP + Hydrogel amendment delivering the most 

significant benefits. Improved water retention, de-

creased bulk density, enhanced nutrient availability, 

and elevated activity of microbes collectively empha-

sized the potential for these treatments to support sus-

tainable agriculture in arid regions. These results fea-

ture a practical and effective approach to mitigating the 

adverse effects of drought while propagating long-term 

agricultural resilience and productivity. 
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