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Effective methods are necessary to utilize the discarded waste from the fishery industry. The sustainable agriculture 
emphasizes the importance of recycling organic wastes to minimize the damages caused by mineral fertilizers and the  
sky-rocketing price of chemical fertilizers. A study was conducted to assess the fertilizing potential of fermented fish waste - 
Gunapaselam (GP) on the growth traits of mung bean (Vigna radiata). The study groups include Group I (water treatment/ 
without fertilizer), Group II (chemical fertilizer – NPKS (1:2:1:0.8)) and Group III (GP - 1:100 fold diluted). The 
performance of the crop was adjudged in terms of growth traits like germination percentage, trifoliate emergence rate, leaf 
area, number of branches and leaves, number of lateral roots, flowering time and developmental stages of nodules. Except 
for germination percentage, all the growth traits were significantly improved by GP treatment. GP improved the growth of 
green gram probably by providing the essential nutrients and enhancing their availability and effective absorption than the 
chemical fertilizers. The study also revealed that GP influences the beneficial soil microbes and makes the rhizosphere 
suitable to facilitate nodule formation. It can be concluded from the findings that GP has a pronounced effect on growth 
traits of Vigna radiata and it can replace chemical fertilizers in the future. 
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Introduction 
The rapid population growth requires an additional 

70 % of food to meet the demand in 2050 as reported 
by Food and Agricultural Organisation1. Agricultural 
sector should work towards the production of more 
food with fewer resources. To meet this greatest 
challenge, agricultural technologies and activities have 
expanded widely resulting in increased application of 
chemical fertilizers and pesticides. They are chemical 
substances that provide necessary nutrients to the 
plants to improve the quantity and quality of food 
products. It was found that several million pounds of 
toxic chemicals are introduced in the form of fertilizers 
including radionuclides. Excessive and long-term 
usage has posed a major threat to the ecosystem. The 
adverse effects include diminution in the land potential, 
logging of toxic chemicals in the soil, alarming the 
survival of beneficial organisms and upsetting the 
rhizospheric atmosphere of microbes and ultimately the 
consumer’s health. Attenuation of these problems is 
possible only through the eco-friendly way of the 
farming system. 

The aquaculture industry has always served as an 
attractive field where there is a great potential for 
discarded wastes and the by-products derived from 
them. It was estimated that human fish consumption 
was around 120 million tonnes in 2010(ref. 2). In 
developing countries, fish contributes more to food 
and nutrition as it was cheap and 17 % of frequently 
consumed animal food sources in 20133. Only 74 % 
of fish produced were consumed and the remaining 
were utilized for non-food products4. Fish are known 
for their high-quality proteins with all essential amino 
acids, essential fats like omega-3 fatty acids, vitamins 
(A, B and D) and minerals (including iodine, zinc, 
calcium, iron, and selenium)5. About 70 % of the total 
weight of the fish is perishable residual wastes like 
viscera, head, tails, skin, bones and frames of low 
value5. A waste management strategy should be 
adopted to recover nutrients from the waste for 
optimal usage. The hydrolyzed fish wastes were used 
for producing fish fertilizer products like 
hydrolysates, fish emulsion, fish meal, fish silage and 
fish soluble nutrients which have benefits over 
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conventional fertilizers. Thus, proper management of 
fish wastes will serve as an excellent cost-effective 
organic fertilizer, reducing the environmental damage 
without any compromise on the quality of food. 

Biological fermentation is a cost-effective, and 
eco-friendly biotechnological tool that converts solid 
macro waste in to simple molecules by utilizing 
microbes6. Fermentation improves the nutritional 
value, and digestibility nature and produces stable and 
humified organic matter7,8. Fish waste was fermented 
by using jaggery9. Bio-fermented fish waste contains 
organic matter, the primary nutrients nitrogen, 
phosphate and potassium and essential micronutrients 
which improve the overall growth of plants. 
Fermented fish waste also promotes plant health 
indirectly through the action of rhizobacteria that 
helps in fixing atmospheric nitrogen biologically10 
and increases the accessibility and uptake of essential 
nutrients11. The liquid nature of GP ensures nutrient 
availability directly to the leaves as a foliar spray and 
readily absorbed by the roots12. Fish emulsion has 
promoted the growth of raddish13, chilli14 and 
brinjal15,16 and prevented mold disease in the beans17. 
The effect of fish soluble nutrients on the growth and 
cultivation of a variety of fruits and vegetables was 
reported earlier by Aung et al.18. 

Mung bean (Vigna radiata) is an important legume 
and short-duration pulse crop to be included in most 
ethnic foods in Asian countries. India imports around 3 
million tonnes and the demand will rise to 27.0 million 
tonnes by 2015(ref. 19). The increased consumption was 
due to its high protein, essential amino acids especially 
lysine, minerals and vitamins witnessing an ever-
increasing demand. The benefits of the mung bean crop 
include drought-tolerant, lower production costs and 
usage as animal feed. The nodules fix atmospheric 
nitrogen by symbiosis and its residues improve the soil 
quality and hence the productivity of the land. A shift 
is required to reclaim soil fertility from devastating 
effects caused by non-renewable chemical fertilizers by 
organic fertilizers. Hence, an attempt was made to 
evaluate the growth-promoting activity of fermented 
fish waste, Gunapaselam (GP) on Vigna radiata and to 
prove the utility of GP as a liquid organic fertilizer. 
 
Materials and Methods 
 

Gunapaselam preparation 
Fish waste containing gut, gills, head, fins, 

trimmings, etc. was collected from a fish market at 
Vanagaram, Chennai, Tamil Nadu. They were cut into 

small pieces and minced well. Gunapaselam was 
prepared by mixing 1 kg of minced fish waste with 
1.5 kg of jaggery along with 5 L of water in a plastic 
container covered by muslin cloth and left for 15 days 
at 35 °C. The mixture was mixed daily and filtered on 
the 15th day and stored in a plastic container9. 
 
Experimental setup  

The study was conducted in a field at Porur, 
Chennai in three replications by following Randomized 
Complete Block Design (RCBD) method. VBN (Gg2) 
variety of Vigna radiata seeds were obtained from, 
Vamban-National Pulses Research Centre, TNAU 
(Tamil Nadu Agricultural University), Pudukkottai. 
The field was prepared in a 12 m2 area (3 m x 4 m). 
The treatment followed was Group I - without 
fertilizer, Group II - chemical fertilizer (NPKS)  
(25 Kg N2: 50 Kg P2O5: 25 Kg K2O: 20 Kg S/ha)  
and Group III - 1:100 fold diluted Gunapaselam. 
Recommendations specified for mung bean cultivation 
by TNAU were followed. Following one pre-sowing 
irrigation, Group II received the recommended basal 
dose of chemical fertilizer (25:50:25:20 kg NPKS ha-1). 
Nitrogen was supplied as urea, phosphorus as 
diammonium phosphate, potassium as muriate of 
potash and sulphur as gypsum. It was applied as a 
foliar spray during the flowering and pod formation 
stages. GP dilution was chosen based on the 
phytotoxicity test20. Seeds were sown in the last week 
of January month. The treatment groups (I and III) 
received water and (1:100) diluted GP (on alternate 
days) as per the requirement. Weeds were removed 
from the field when observed. 

Germination rate was calculated along with the 
morphological parameters like trifoliate appearance 
and flowering time. Mung bean seedlings were 
uprooted on 5th, 15th and 35th day of seedling 
emergence to observe the developmental stages of 
nodules. Calibrated vernier caliper was used to 
measure the length (L) and width (W) of the leaves 
after 30 days and area was calculated as the product 
of width and length including 0.94 as Correction 
Factor (CF)21,22. Number of branches and the total 
number of trifoliate leaves in Vigna radiata were 
counted on 40th day.  
 
Statistical analysis 

Results were reported as mean ± Standard Error of 
the Mean (SEM). Graph Pad Prism version 5.0, 
Software package (Graph Pad Software Inc.; San 
Diego, CA, U.S.A.) was used for statistical analysis. 
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One-way analysis of variance (ANOVA) followed by 
Tukey’s multiple comparison test was done to assess the 
statistical significance of differences between groups.  
 
Results and Discussion 

Germination represents the most vital stage in a 
plant’s life cycle. Table 1 shows the germination 
percentage of all treatment groups. The dry seeds after 
absorbing water were stimulated to germinate and 
resulted in the embryonic axis. In Suaeda salsa seeds, 
there was a reduction in the germination rate due to the 
hindrance effect of heavy metals on water uptake23. In 
the present study, pre-irrigation was done before seeds’ 
sowing. The presence of adequate moisture was 
utilized for seed germination and embryonic axis 
elongation and it also confirms that heavy metals are 
not present in higher concentrations in GP. A reduction 
in the germination rate of groundnut, cowpea and mung 
bean was observed due to the presence of 
allelochemicals in Celosia argentea L. leaf extract24.  

The first trifoliate appearance in mung bean was 
observed on the 5th day. Group I recorded the least 
percentage (54.58±4.20 %) whereas chemical and GP 
treatment showed significant improvement (Table 1). 
Presence of essential nutrients and their imbibitions 
fastens the seedling emergence rate. Macro and 
micronutrients fasten the synthesis of DNA, RNA and 
proteins essential for growth. Micronutrients like Zn, 
Mn, Mo and B in soil increase the seed vigor25. Fishery 
derived products serve as excellent source of protein 
and vital nutrients like magnesium, calcium, potassium, 
phosphorus, sodium, zinc, iron, manganese, copper and 
boron26. Boron assists in transportation and 
translocation of carbohydrates, and synthesis of uracil 
thus promoting enhanced cell division, differentiation 

and meristematic activity leading to better plant 
growth27. Gunapaselam, the fermented fish waste 
contains all essential nutrients and minerals which 
improve the emergence rate of trifoliate leaves in green 
gram when compared to other groups. 

Leaf area trait is an important indicator of crop 
growth, development, and plant health. A significant 
improvement in leaf area and the number of leaves/ 
plants was noted in Group III treatment  
(49.03±1.97 cm2) and (8.6±0.26 cm2) respectively 
when compared with other treatment groups  
(Table 1). Growth of a plant requires an adequate and 
continuous supply of the macronutrients nitrogen, 
phosphorus and potassium. The chlorophyll formation 
and vegetative growth of the plants are governed by 
nitrogen. The presence of nitrogen in proteins leads to 
cell enlargement and division, protein and nucleic acid 
synthesis and ultimately results in more leaves28. 
Fertile soil is loaded with beneficial microbes.  
The majority of the rhizobacteria exhibit growth-
promoting effects like siderophore and phytohormones 
production, mobilization of ions and nutrients, fixing up 
atmospheric nitrogen, etc. Fungal and bacterial species 
serve as potential phosphate solubilizers. GP was found 
to possess nitrifying, ammonifying and phosphate 
solubilizing bacteria9 and it also serves as the best 
nutrient base for the microbial community. Thus, the 
application of GP provides a sufficient amount of 
nitrogen and also makes the rhizosphere conducive to 
the multiplication of bacteria that promotes plant 
growth. This was elicited in the formation of more 
leaves and with wider leaf area in GP-treated plants.  

Better results with more number of branches/ plant 
were achieved in GP treatment (7.71±0.21) and 
lowest in control (5.91±0.33) (Table 2). This was 

Table 1 — Influence of water, chemical fertilizer and Gunapaselam (GP) on germination percentage,  
trifoliate appearance and leaf area of Vigna radiata 

Group/ treatment Germination % Trifoliate appearance Leaf area (cm2) 
Group 1 - Water 70.83±9.50 66.67±9.9 35.65±2.46 
Group 2 - Chemical fertilizer (NPKS) 75±4.81NS 70±6.77NS 47.88±4.51* 
Group 3 - 1:100 fold diluted GP 75±10.7NS 75.42±8.75NS 49.03±1.97* 
(Statistical significance was analyzed by one way ANOVA followed by Tukey’s multiple comparison test.  p-value < 0.05 (*); NS - Not 
significant (Group I vs Group II, III) 
 

Table 2 — Effect of Gunapaselam on morphological traits – branches, leaf cluster and flowering ability (40th day) of Vigna radiata 

Group/ treatment No. of branches No. of trifoliate leaf cluster Flowering rate on 40th day (%) 

Group 1 - Water 5.9±0.33 6.30±0.39 8.03±0.33 
Group 2 - Chemical fertilizer (NPKS) 7±0.21* 8.08±0.63* 26.13±3.86*** 
Group 3 - 1:100 fold diluted GP 7.75±0.21*** 8.60±0.26** 37.50±2.50*** 
(Statistical significance was analyzed by one way ANOVA followed by Tukey’s multiple comparison test. p-value < 0.05 (*), 0.01(**) 
and 0.001 (***) , respectively (Group I vs Group II, III)  
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attributed to adequate nutrient availability and its 
uptake and due to the influence of rhizobacteria that 
promotes growth especially nitrogen-fixers and 
phosphate-solubilizers in the organic manure29. 
Application of digested mixture containing bovine, 
blood and rumen has shown significant increase in 
growth traits like height, increased leaf area, more 
leaves and early flowering in brinjal plants29. 
Maximum flowering rate was observed in Group III 
(37.5±2.5 %) followed by chemical treatment 
(26.13±3.86 %) and Group I (8.03±0.33 %) (Table 2). 
Important process like light interception, 
photosynthesis, growth, and yield of crops were 
enhanced by an increase in leaf area. Early flowering 
can be achieved only when plant nutrient such as 
phosphorus is optimal. The observed increase in leaf 
area and the number of leaves in gunapaselam 
treatment enable maximum absorption of sunlight, 

and better photosynthesis and the translocation of 
photosynthates from leaves to the reproductive parts 
and thus induce flowering. Similar results were 
observed in chillies by Patil & Biradar30. 

In all three groups, the seedlings uprooted after 5 
days did not show any visible sign of nodule 
development (Fig. 1). After 15 days, the maximum 
number of nodules appeared on the taproot of GP-
treated plants than chemical and water treatments 
(Fig. 2). On the 35th day, the presence of nodules was 
noted in all three groups, with the maximum in Group 
III on both tap root and lateral roots (Fig. 3).  

The rhizobium species are known to produce 
auxins that accelerate the processes like cell division, 
differentiation and vascular bundle formation 
essential for nodule formation31. Low rhizobium 
populations in Group I and Group II are responsible 
for the formation of less number of nodules. Thus, 

 
 

Fig. 1 — Development stages of nodules in Mung beans treated with water (Group I), chemical fertilizer (NPKS) (Group II),
Gunapaselam (Group III) on 5th day  
 

 
 

Fig. 2 — Development stages of nodules in Mung beans treated with water (Group I), chemical fertilizer (NPKS) (Group II),
Gunapaselam (Group III) on15th day 
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treatment with GP supplies an adequate amount of 
nutrients and maintains good moisture content and 
microbial community particularly rhizobium species 
which additively promote the formation of nodules in 
appreciable amounts. Application of urea results in  
60 % reduction of the nodule in green gram32 while 
foliar application of humic substances increased the 
nodulation33. 
 
Conclusion 

In conclusion, fermentation has transformed fish 
waste into a valuable agronomic resource that can be 
used as liquid fertilizer. The application of 
gunapaselam has increased soil fertility by mobilizing 
the essential nutrients and beneficial microbial 
community for the growth of mung beans. Because of 
these changes in the rhizosphere, mung beans 
produced a larger leaf area, more leaves, branches and 
nitrogen-fixing nodules and earlier flowering, unlike 
chemical fertilizer. Therefore, this study strongly 
proves that gunapaselam will be a good and cheaper 
alternative to chemical fertilizer in managing soil 
health. Thus, the synergistic benefit can be achieved 
by integrating the food production system with less 
pollution and waste utilization. 
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