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ABSTRACT 
 

The efficacy of hydrogels under sensor-based irrigation on biochemical contents of tree mulberry 
leaves was studied during 2022-23 and the experiment was laid out in Randomized Complete 
Block Design (RCBD) with nine treatment combinations and three replications. The hydrogels were 
applied during beginning of first crop and the observations were recorded at 45th Day After Pruning 
(DAP), the pooled data of five crops were analyzed. Main plot include two different types of 
hydrogels viz., Pusa hydrogel (T1- Pusa hydrogel @ 1 kg/ac, T2- Pusa hydrogel @ 2 kg/ac, T3- 
Pusa hydrogel @ 3 kg/ac and T4- Pusa hydrogel @ 4 kg/ac) and Zeba hydrogel (T5- Zeba 
hydrogel @ 3 kg/ac, T6- Zeba hydrogel @ 4 kg/ac, T7- Zeba hydrogel @ 5 kg/ac, and T8- Zeba 
hydrogel @ 6 kg/ac) and T9-control without hydrogel. The biochemical composition of leaf viz., total 
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chlorophyll (2.59 mgg-1), protein (20.32%), carbohydrates (20.29%), crude fibre (12.13%), fat 
(1.12%) and ash contents (9.54%) were found highest in the treatment which received Zeba 
hydrogel @ 6 kg/ac. 
 

 

Keywords: V1 tree mulberry; sensor based irrigation; hydrogels; leaf nutrient status. 
 

1. INTRODUCTION 
 
“Mulberry foliage is the sole food for the 
silkworm (Bombyx mori. L). As mulberry belongs 
to genus Morus is a perennial crop can be 
maintained for many years, selection of land, 
recommended package of practices and water 
management are the primary factors for 
producing quality leaves. Among these, irrigation 
water plays a significant role as one of the key 
input in mulberry cultivation. The quality of 
mulberry leaves is critical to the performance and 
determines its economics for the farmers. 
Moisture content in mulberry leaves improves 
ingestion, digestion and also the conversion of 
nutrients in silkworm. Water content in mulberry 
leaves is considered as one of the criteria in 
estimating the leaf quality. The improvement of 
leaf quality and the productivity of leaves is 
immediately required for the sustainability of 
cocoon crops” [1]. 

 
At present, about 95.0 per cent of the mulberry 
region is under the irrigated condition and 
borewell water is a common source of irrigation 
in South Indi. With change in climatic scenario, 
the water availability is getting scarce day by day 
due to quick groundwater depletion which often 
constrains the farmers to irrigate their                    
mulberry gardens as per requirements. In the 
soil-plant system, water is essential for the 
delivery of nutrients throughout the plant,              
serves as a solvent in biochemical                   
reactions, distributes solutes, regulates 
temperature, and provides hydrogen for 
photosynthesis. 
 
Among all the agronomic inputs, for the quantity 
and quality of mulberry leaf irrigation water 
possess highest impact. In sensor-based drip 
irrigation system, water is applied at frequent 
intervals over the soil to irrigate a limited area 
around the plant and the soil moisture sensors 
can be connected to an existing irrigation system 
controller. Before a planned watering event, the 
sensor determines the amount of moisture in the 
root zone of the soil. If the soil moisture is higher 
than a certain threshold, the cycle is skipped. 
According to Hanson and Orloff's [2] 
investigation, the sensors' placement at different 

places in the root zone helps determine whether 
irrigation is appropriate and how deep to apply it.  
 

“Mulberry requires about 1.5-2.0 acre inches of 
water per irrigation at an interval of 6-12 days 
depending upon the type of soil and seasons. 
About eight numbers of irrigation is required per 
crop of 65-70 days duration to achieve the 
maximum leaf yield. Thus the annual 
requirement of irrigation water for five crops is 
about 75 acre inches of water equal to 1875 mm 
rainfall distributed equally @ 36 mm per week or 
5-6 mm per day. However, 80 per cent of 
average annual rainfall of 1,160 mm is received 
in 4-5 months in our country” [3,4]. 
 

“Hydrogels are also called as hydrophilic gels or 
super absorbent polymers are categorised into 
different groups, such as naturally occurring, 
semi-synthetic or synthetic. Most of these 
polymers can retain 332-465 times water to its 
weight and release it slowly during drought under 
light soil” [5]. “Hydrogels are subjected to 
swelling due to its hydrophilic nature on coming 
in contact with water and release nearly 95 per 
cent of stored water available for crop 
absorption. The process of retaining water and 
releasing the same by super absorbent gels may 
last for two to five years depending on the soil 

environment and cultivation process. 

Conclusively, it decomposes into CO2, water, 
ammonia, and potassium ions over time without 
leaving any trace, making it environmentally 
benign [6]. By enhancing soil permeability, 
compaction, infiltration rate, bulk density, 
porosity, and other factors, hydrogels also serve 
as soil conditioners or ameliorants. 
 

“When the super absorbent hydrogel polymers 
are incorporated in moist soil, it becomes swollen 
after absorbing and storing a large quantity of 
water and nutrients within a short period and 
allows the absorbed water and nutrients within 
it slowly to the soil, mitigating the water and 
nutrient requirements of the plant especially 
during the drought stress condition. The peculiar 
water-nutrient reservoir and lending 
characteristics of the hydrogel polymers for the 
soil-plant system have been widely applied in the 
agricultural domain for substantial water and 
nutrient saving and ecological restoration” [7]. 
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2. MATERIALS AND METHODS 
 

The experiment was conducted during 2022-23 
in well-established V1 tree mulberry garden at L- 
Block, IFS Demonstration Unit, University of 
Agricultural Sciences, Gandhi Krishi Vigyan 
Kendra, Bengaluru. The field is located at a 
latitude of 12°58′ N and longitude of 77°35′ East 
and at an altitude of 930 m above mean sea 
level in the Eastern Dry Zone (Zone-5) of 
Karnataka. The treatments were planned in 
accordance with regular recommended dosage 
of Pusa hydrogel is 1-2.5 kg per acre and 
Zeba hydrogel is 5 kg per acre, in view that to 
access hydrogels at varied dosages. The 

experiment was established with nine treatment 

combinations viz., Pusa hydrogel (T1- Pusa 

hydrogel @ 1 kg/ac, T2- Pusa hydrogel @ 2 

kg/ac, T3- Pusa hydrogel @ 3 kg/ac and T4- 

Pusa hydrogel @ 4 kg/ac) and Zeba hydrogel 
(T5- Zeba hydrogel @ 3 kg/ac, T6- Zeba 

hydrogel @ 4 kg/ac, T7- Zeba hydrogel @ 5 

kg/ac and T8- Zeba hydrogel @ 6 kg/ac)and T9 
-control without hydrogel, were laid out in RCBD 
design with three replications. 
 

Hydrogels were applied at the root zone of the 
tree mulberry immediately after pruning. 
Irrigation was allowed at 50 per cent DASM 
(Depletion of available soil moisture). All the 
other practices of mulberry cultivation followed 
as per standard package of practices (Dandin 
and Giridhar, 2014). Observations recorded at 
regular intervals till 60th day after pruning (DAP). 
The data on leaf parameters at 45th DAP of 
mulberry crop were recorded in each treatment 
on randomly selected five plants from each net 
plot and mean value was worked out. The 
experimental data collected on growth 
components of plant were subjected to Fisher’s 
method of Analysis of Variance (ANOVA) as 
outlined by Panse and Sukhatme [8]. 
 

2.1 Estimation of Biochemical Parameters 
in Mulberry Leaf 

 
Quality parameters of mulberry leaf such as total 
chlorophyll, total carbohydrates, proteins, crude 
fibre, fat and ash contents of the leaf were 
estimated at 45 days after treatment imposition in 
each crop (total five crops) and the pooled data 
is presented in the experimental results. 
 
2.1.1 Chlorophyll estimation 
 

The content of chlorophyll in mulberry leaf was 
calculated by following procedure defined by 

Hiscox and Isrealstam (1979). The total leaf 
chlorophyll content was determined using the 
formula proposed by Arnon [9]. 
 

Total chlorophyll (mg/g) fresh weight = 
 

 
 

2.1.2 Estimation of crude protein 
 

Protein content of the leaf was assessed after 
determining the total nitrogen content in the leaf 
(0.5 g leaf sample) using Macro-Kjeldhal 
method. The protein content of the leaf was 
computed by multiplying the per cent nitrogen of 
the sample with the factor 6.25 [10]. 
 

Crude protein (%) = N (%) x 6.25 
 
2.1.3 Estimation of total carbohydrate 
 
Total carbohydrate of mulberry leaf was 
estimated by following the method of Dubois et 
al., [11] using glucose as standard. The total 
anthrone positive substances were expressed 
as mg of carbohydrate/g dry weight of leaf 
sample. 
 
2.1.4 Estimation of crude fibre in plant sample 
 
The crude fibre of the sample was estimated by 
taking 2g sample with ether or petroleum ether 
and boiled (initial boiling temperature of 35-
38°C and final temperature of 52°C). Then 200 
ml of sulphuric acid was added and boiled for 
30 min. Filtered throughmuslin cloth and 
washed with boiling water until washings were 
free of acid. Again, boiledthe residue with 200 ml 
of sodium hydroxide for 30 min. Filtered 
thorough muslin cloth, again washed with 25 ml 
of boiling sulphuric acid, three 50 ml portions of 
water and 25 mlof alcohol. The residue was 
removed and transferred to pre-weighed ashing 
crucible (W1, g). The residue was dried for 2 hr 
at 130°C, cooled in a desiccator and weighed 
(W2, g), Ignited for 30 mins at 600°C and then 
cooled in a desiccator and reweighed (W3, g). 
The fibre content of sample was calculated by: 
 

Crude Fibre (%) =(W2 − W1) − (W3 − W1) / 
weight of the sample (g) × 100 

 

 2.1.5 Estimation of ash (%) 
 

The ash content in selected leaves of mulberry 
were estimated by adopting by using A.O.A.C 
[9] method and expressed in percentage. 
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2.1.6 Estimation of fat (%) 
 
The ash content in selected leaves of mulberry 
were estimated by adopting by using A.O.A.C 
[9] method and expressed in percentage. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Total Chlorophyll (mg g-1) 
 
Application of different levels of hydrogels to tree 
mulberry exhibited significant influence in the 
chlorophyll content of leaf estimated on 45th day 
after hydrogel application. Maximum chlorophyll 
content (2.59 mg/g) was recorded in mulberry 

leaf raised with Zeba hydrogel @ 6 kg ac-1, 

which was on par with that of T7 (2.52 mg/g) and 
T6 (2.46 mg/g). Whereas, minimum total 

chlorophyll content (1.83 mg/g) was recorded in 

leaves harvested from mulberry tree raised 
without any hydrogel application (T9), which 

was on par with T1 (2.02 mg/g). The 
enhancement in chlorophyll content in mulberry 
leaves might be due to by providing a conducive 
environment for water retention and nutrient 
absorption by hydrogels. They act as a water 
reservoir, ensuring a consistent and optimum 
moisture level for plant growth. Additionally, 
hydrogels can improve soil structure, promoting 
root development and overall plant health, 
leading to increased chlorophyll production in 
leaves. The present results are in close 
agreement with the findings of Singhal et al. [12] 
reported that nitrogen is an essential constituent 
of chlorophyll, nitrogen harvests solar energy 
and aids in the synthesis of chlorophyll. 
Photosynthetic efficiency is indicated by the 
increased amount of chlorophyll content in 
leaves; thus, it can be used as one of the criteria 
for photosynthetic rate quantification in mulberry 
[13]. Nalborczyk et al. [14] reported that the 
nitrogen fertilizer application affects chlorophyll 
content in plants. 
 
Janardhan et al. [15] reported that more amount 
of nitrogen (614 kg/ha) combined with 
recommended dose of farm yard manure and 
fertilizers compared to other treatments (0 to250 
kg ha-1) lead to more chlorophyll content and 
higher mulberry leaf yield. The enhanced 
carbohydrate status also may be attributed to 
higher photosynthetic efficiency due to presence 
of higher chlorophyll levels [16]. The application 
of hydrogel avoids the stress of humidity 
fluctuations and protects the durability of 
chlorophyll. In stress conditions the protection of 

durability of chlorophyll by super absorbent 
polymer materials were shown in sunflower [17] 
and corn [18]. 
 

Kargar et al. [19] reported that addition of 0.5 
per cent hydrogel to potting mediaof Siberian 
elm (Ulmus pumila) and silver maple (Acer 
saccharium) had significant influence on 
chlorophyll concentration by improving 
photosynthetic activities over control. 
 

3.2 Protein (%) 
 

The current results revealed significant 
variations with respect to protein content of tree 
mulberry leaf. Higher protein content (20.32 %) 

was found in the leaves obtained from the 

treatment T8 (Zeba hydrogel @ 6 kg ac-1) 

which was on par with that of T7 (Zeba hydrogel 

@ 5 kg ac-1) (20.07 %), T6 (Zeba hydrogel @ 4 

kg ac-1) (19.75 %) and T4 (Pusa hydrogel @ 4 

kg ac-1) (19.51%). The lowest protein content 

was registered in leaves harvested from the 

tree mulberry without hydrogel application T9 
(17.75%). Hydrogels can help plants withstand 

stress. When plants are less stressed, they can 
allocate more resources to metabolic processes 
like protein synthesis. 
 

The findings at CSR&TI, Mysore indicated that 
application of higher dose of nitrogen in 
combination with phosphorous and potassium 
increased the crude protein content in mulberry 
leaf from 15 to 23 per cent [20]. It was also 
reported that irrigation withholding conditions 
with hydrogel at different growth stages 
increased protein percentage in soyabean [21]. 
 
Hafiz et al. [22] reported on the impact of 
hydrogels in potato (Solanum tuberosum L.) and 
concluded that the protein content (3.46 µg) was 
recorded in the treatment with application of 
hydrogel (80 mg Hydrogel / treatment (two 
doses) + NPK (250:150:150 per ha) which was 
followed by the application of hydrogel (40 mg 
Hydrogel/treatment (one dose) + NPK 
(250:150:150 per ha) which recorded (3.40 µg) 
over the control which reported lesser attributes 
(3.06 µg) and  these are in conformity with 
present findings. 
 

3.3 Carbohydrate (%) 
 
The carbohydrate content in leaves was non- 
significant with various levels of hydrogel 
application. The relatively higher carbohydrate 
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Table 1. Biochemical constituents in tree mulberry leaves as influenced by hydrogels under sensor based irrigation 

 

Treatments Total chlorophyll (mg g-1) Protein (%) Carbo hydrate (%) Crude fibre (%) Fat content (%) Ash content (%) 

T1 2.02 18.25 18.29 10.16 0.75 7.85 

T2 2.11 18.56 18.76 10.26 0.78 7.96 

T3 2.25 19.00 18.99 10.49 0.80 8.16 

T4 2.38 19.51 19.15 10.87 0.83 8.50 

T5 2.29 19.23 19.08 10.63 0.81 8.32 

T6 2.46 19.75 19.53 11.30 0.85 8.89 

T7 2.52 20.07 19.84 11.70 0.89 9.26 

T8 2.59 20.32 20.29 12.13 1.12 9.54 

T9 1.83 17.75 18.13 9.85 0.74 7.28 

F- test * * NS * * * 
S. Em± 0.07 0.35 0.52 0.48 0.03 0.29 

CD0.05 0.21 1.01 - 1.41 0.09 0.84 

CV 7.31 4.09 6.07 10.08 9.10 7.76 
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content of 20.29 per cent was recorded in tree 
mulberry leaves harvested raised with the 

application of Zeba hydrogel @ 6 kg ac-1 

followed by T7 (Zeba hydrogel @ 5 kg ac-1) 

(19.84 %). The lowest carbohydrate content 

(18.13 %) was observed in the leaves obtained 
from the plants raised without hydrogel 

application T9. Hydrogels might probably 

promote sustained photosynthetic activity by 
enhancing water retention leading to increased 
carbohydrate synthesis in mulberry leaves. 
 

Rajanna et al. (2000) reported that mulberry 
raised with recommended NPK had significantly 
higher total soluble carbohydrates (17.61 %) and 
crude protein content (17.89%). Similarly, 
Suresha (2004) opined that the treatment of 
nitrogen and potassium (300:200 kg/h/yr) 
recorded higher biochemical constituents in 
mulberry leaf which indicated a significant 
difference in total soluble protein, total reducing 
sugars and total chlorophyll. 
 

3.4 Crude Fibre (%) 
 
Significant variation was noticed among different 
treatments with regard to crude fibre content of 
leaf harvested from tree mulberry on 45th day 
after hydrogel application and was significantly 

higher in leaves from the plot that received Zeba 

hydrogel @ 6 kg ac-1 (12.13 %) which was on par 

with that of T7 (Zeba hydrogel @ 5 kg ac-1) 

(11.70 %) and T6 (Zeba hydrogel @ 4 kg ac-1) 

(11.30 %). However, the lowest crude fiber 
content (9.85 %) was registered in the leaves 
obtained from the treatment T9 (control). 
 

3.5 Fat (%) 
 
The results revealed significant variations with 

respect to fat content of tree mulberry leaf. 

Higher fat content (1.12 %) was found in the 

leaves obtained fromthe treatment T8 (Zeba 

hydrogel @ 6 kg ac-1) which was on par with 

that of T7 (Zeba hydrogel @ 5 kg ac-1) (0.89 %), 

T6 (Zeba hydrogel @ 4 kg ac-1) (0.85 %) and T4 

(Pusa hydrogel @ 4 kg ac-1) (0.83 %). The 
lowest fat content (0.74 %) was registered in 

leaves harvested from the plants raised without 

hydrogel application T9. 
 
Fertilizers provide essential nutrients for plant 
growth, including proteins, fats, ash, fibre, and 

carbohydrates. When hydrogels are combined 
with fertilizers, they can help control the release 
of these nutrients. This controlled release 
ensures that nutrients are available to the plants 
over an extended period, reducing the risk of 
nutrient leaching and waste. This steady 
nutrient supply can support the synthesis of 
proteins, fats, and carbohydrates in plant 
tissues. Hydrogels can minimize nutrient runoff, 
as they can retain water and nutrients in the 
root zone, preventing them from being washed 
away by rain or irrigation. This helps the plant to 
take up more of the applied nutrients, which can 
lead to improved biochemical contents in the 
leaves [23]. 
 

3.6 Ash (%) 
 
The ash content in leaves varied significantly 
due to various levels of hydrogel application. 
Significantly higher ash content of 9.54 per cent 
was recorded in leaves harvested from tree 

mulberry raised with the application of Zeba 

hydrogel @ 6 kg ac-1, which was on par with T7 

(Zeba hydrogel @ 5 kg/ac) (9.26 %). The lowest 

ash content (7.28 %) was observed in the leaves 

obtained from the trees raised without hydrogel 

applicationT9. 

 
The quality of leaf is dependent on its 
biochemical contents. Nitrogen is a major 
component of amino acids, the building blocks of 
proteins. Nitrogen deficiency reduces the protein 
and water content of the leaves, thereby 
reducing the nutritive value of the leaves. 
Phosphorus helps in early root development and 
growth of plants. It is constituent of many 
compounds in plants such as nucleic acids, 
phospholipids, coenzymes, NAD, NAPD and 
ATP. It has close relationship with the 
metabolism of fats and carbohydrates, synthesis 
of proteins, respiration, photosynthesis and other 
metabolic activities [24]. 
 

4. CONCLUSION 
 

It can be concluded that climate change 
affected the distribution of rainfall affecting the 
plant growth due to unavailability of moisture 
and nutrients during critical stages, especially in 
dry land areas. Hence, there is a need to 
cultivate crops with good agricultural practices. 
Application of hydrogel increases maximum 
water holding capacity, prevent runoff and 
evaporation loss of water from the soil. Besides, 
loss of nutrient through leaching and 
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volatilization can be prevented which in term 
plants are benefited for their growth and 
development. 
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