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(SinapisalbaL..),Groundnut, Strawberry (FragariaSp)and Tomato
(Solanum lycopersicum L.) plants. There are more than a half to two and
a half fold increase in plant growth promotion has been reported. This
study showed that the fish waste acts as an excellent organic fertilizer,
which continuously provide nutrient to the soil and it results in better
growth and nutritional quality of the plants and also creates way of
converting waste to wealth, which is eco-friendly and costeffective.
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1. Introduction:
Over the last decade, a significant research interest has been generated around fish
waste mediated plant growth and development. In the last decade processing of fish
generates large amount of wastes, which are of global concern. It has been estimated that the

amount of fish consumed are almost same to the generation of fish waste, which is discarded
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by ocean dumping or land disposal (Ahuja et al., 2020). Fish wastemay include whole fish
(dead or damaged fish), fish trimmings, and specific tissues, such as heads, intestines, tails
and fins, skins, scales and bones etc. Moreover, fish waste as a by-product or the non-
utilizable parts obtained from fish markets, fish processing industries can represent 30-70%
of the original fish weight (Toppeet al., 2018). Uses of fish waste has been carried out for
pharmaceutical purposes, proteins, amino acids, peptides, collagen, oil, minerals, enzymes,
flavours and other compounds (Eilertsenet al., 2017, Ghalyet al., 2013). Implementation of
fish waste as a fertilizer has been gained attention over the last few years for generation of
economy and ecological sustainability. Shellfish debris has been used to raise crops in
several countries (Wyatt and McGourty, 1990).Moreover, large quantities of fish waste have
not been utilized efficiently and the disposal of fish waste can have large negative impacts
on local environments. Unutilized fish waste is often disposed of by landfill or incineration
or by dumping into the sea. Therefore, there is an urgent need to find ecologically acceptable
means for reutilizing fish waste. Composting has also been suggested as a viable solution to
the problem of fish waste disposal (Liao et al., 1997).

Application of organic waste in soil is a suitable method for the maintenance of soil
organic matter, improve soil fertility and supply nutrients needed by plants (Davarinrjadet
al., 2004). Nearly 75% of the total weight of the fish was generated as solid waste in the
form of gut, head, skin, bones, fins and frames after processing. The fish wastes rich in
nitrogen, potassium, phosphorus and trace minerals (Ghalyet al., 2013) can serve as raw
material for the production of many nutritive and non-nutritive products.Chemical fertilizers
pollute water bodies and make soils biologically dead. However, fish waste manure can be
an excellent source of essential nutrients for plants, including N, P and K, Which play key
role for the plant growth and development. Fish waste can enhance soil structure, increasing
its water holding capacity and more productive soils. Depending upon the method of
processing, several terms are used to describe Fish waste products, including fish
solubles/fish emulsion, fish soluble nutrients, hydrolysed waste/fish hydrolysate (also called
fish silage) fish meal.

However, some studies reported that plants fertilized solely with fish wastewater,
particularly in a system called aquaponics, showed mineral deficiency symptoms, which
could be due to either inadequate nutrient availability or inability to recover nutrients
efficiently (Madende and Maria 2020). Hence, the use of beneficial microbes has been
considered as a safe, efficient and practical agent to enhance plant growth.

Plant Growth Promoting Rhizobacteria (PGPR) are commonly used as inoculants for

improving the growth and yield of agricultural crops. They can act as biostimulants through
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phytohormone production, mineral solubilisation, improving nutrient uptake efficiencies
(Mishra et al., 2012). Phytostimulatory effects mainly include stimulation of root
morphological development, which could facilitate efficient absorption of water and
nutrients leading to improved plant growth. One of the most studied plant-associative
genera of PGPR is Azospirillum. Inoculation with Azospirillum spp. has been demonstrated
to improve plant growth and yield via improving mineral and water uptake of colonized
roots. While the mechanisms by which Azospirillum promote plant growth are not clear, it
has been proposed to include phytohormone production, biological nitrogen fixation,
solubilization of nutrients, and enhancement of water and nutrient uptake (Madende and
Maria 2020).Fish protein hydrolysates are also used as biostimulants and are ordinarily
derived from fish skins and other by-products such as heads, muscle, viscera, bone, frames
and roe (Chalamaiahet al., 2012).

Application of fish waste can reduce the dependencies on hazardous and costlier
chemical fertilizer that can reduce the environmental impact of disposal methods such as
landfilling and incineration. Incorporation of fish waste into agricultural practices promotes
sustainability by closing the loop on waste generation and turning it into a valuable
resources. However, the mechanisms underlying the fish waste mediated plant growth and
development are still not clear enough. Implementation of fish waste in agricultural farm,
kitchen garden, pot garden offer significant promise and are worthy of further exploration in
attempts to enhance the growth and development of crops or plants. Fish waste can be an
alternate of chemical fertilizers. Altogether, in this review, we present an overview of
knowledge that will be useful for increasing the utilization of fish waste as organic
fertilizers.

2. Effect on cucumissativus L(Cucurbit).

Literature survey reveals that the application of fish waste extract in different
formulations increase the growth and yield of cucurbit. More than two fold increase in vine
length and number of leaves, leaf area,stomatal conductance,total soluble solid
content,number of flower and root lengthof cucurbit and pumpkin leaf has been reported
(Buanget al., 2018). The applied fish waste increased the activity of microorganism present
in the soil and plant growth regulators that increase the vegetative growth of flowering and
fruiting plants (Oladimejiet al., 2018; Khandakeret al., (2013). According to
Moneruzzamanet al., (2013) fish waste extract contains the growth regulators that play a
significant role in the development of the flower bud. They also reported that localized
application of gibberellin increased the number of flower of wax apple plants. Moreover,
chlorophyll content and stomatal conductance in fish waste treated red chilli plant has also
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been reported (Khandakeret al., (2017). It has been reported that application of organic
fertilizer increased the Total Solid Sediment (TSS) content of seedless Grapevines
(Shaheenet al., 2012).Vine length increase probably due to the effect on early cell division
and cell expansion (Saifuddinet al., 2009).Significant increase in leaf fluorescence,
chlorophyll content, carotene content in leaves, fruit weight and number of fruitsin fish
wastetreated cucurbit plantsunder in vivo conditions has been reported (Khandakeret al.,
2017; 2018). Moreover, increase in chlorophyll content and number of fruits was also
observed in fish waste treated red chilli plant under in vitro conditions (Khandakeret al.,
2017). In another similar experiment chlorophyll fluorescence and photosynthetic yield in
fish waste treated watermelon plants under field condition has also been reported. Where
soil enrichment with organic matter and bio-stimulants plays a significant role (Dalorimaet
al.,2018).Furthermore, carotene content in fish waste treated lettuce leaves has also been
reported (Cruzet al.,2012). It was suggested that the cultural practice including use of
fertilizers and plant growth regulators significantly alter the plant physiological activities,
flowering and fruit formation (Moneruzzamanet al., 2013; Mahmoud et al., 2009).

3. Effect on fenugreek (Trigonellafoenum-granecum) plant:

In this experiment fish waste fertilizer was prepared by mixing jaggery, water and
banana together and fermented up to 15 days. Fermented fish waste fertilizer sprayed on the
experimental plant for upto 10 days except the control plants. Significant growth was
reported on the germination of the plant, shoot length, root length, leaf length, nutritional
quality and the time taken for growth. The effect of fermented fish waste product on
fenugreek plant revealed that 10-15% increase in the height of plant. Furthermore, 20%
germination of seeds after the treatment of fish waste product as compared to control within
2-3 days (Susitha&Thiripurasundari, 2023).

4. Effect of fermented fish waste on Vigna radiate (mung bean)

In this cup assay study the seeds of Vigna radiate were soaked in fermented fish
waste product for 24hbefore sowing. After 7 days of growth one and a half fold increase in
% of seed germination, root length, shoot length, number of hairy roots, number of leaves
has been reported. Fermentation of the fish waste produces significant amount of organic
acids like lactic acid and acetic acid (Antounet al., 2001), which activates mineral phosphate
solubilization and P solubilizer PGPR like Rhizobium (Halderet al., 1991) and Bacillus
(Yuminget al., 2003). Besides increasing the soil P level, P solubilizers also increase the
nitrogen fixation, Trace elements and phytohormones (Gyaneshwaret al., 1998). Thus

fermented fish waste could be used as a valuable organic liquid fertilizer for better yield
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from crops at lesser cost and also without the harmful effects of chemical
fertilizers(Suganthi and Sujatha 2015).

5. Effect on Ice lettuce (Lactucasatival.) and White mustard (SinapisalbaL..)

The effect of fermented fish waste compost on ice lettuce and white mustard, it was
observed that increase in fresh and dry matter yield of leaves of both the plants by the
Radziemskaet al., 2019.The chemical composition of fish waste compost in dry matter
components as in (g/Kg) Total organic C is 382.6; total Nitrogen is 11.4; C/N ratio
1533.4;phosphorus is 2.61;potassium is 3.07;Mg is 0.60;Na is 0.31;Ca is 3.75;Cu is 19.3;Cd
is 1.52;Chromium is 5.40;Lead is 18.5;Nickel is 9.91 and Zinc is 159.9 (Radziemskaet al.,
2019).(Radziemskaet al., 2019).

6. Effect of Azospirillumon fish waste recycling on tomato seedlings:

PGPR play vital role in maintainingsustainable agriculture either by fixingatmospheric
dinitrogen or mobilizing fixedmacro and micronutrients or by converting insolubleP present
in the soil into plant assessable forms, or by releasing phytohormones like IAA, Gibberalic
acids, iron chelatingsiderophore and there by increases the efficiency and availability. Fish
waste contains large number of micro and macro nutrients, like Ca, P, K, Na,Mg Mg Zn, Mn
and Cu, which is essential for the growth of plants (Ghalyet al., 2013).Study has been made
on the effect of African sharptooth catfish (Clariasgariepinus) and Nile tilapia
(Oreochromisniloticus) effluents on the growth, yield parameters, and yield of tomatoes.
Results showed that irrigation with C.gariepinus effluent increased the stem diameter by
21%, the number of flowers by 88%, the fruit number by 50%, the fruit diameter by 24%,
the mean fruit weight by 34%, and total fruit weight of tomato by 96% compared to NPK
treatments (Diattaet al., 2023).

This study evaluated the effects of three Azospirillumbrasilense strains on tomato
seedlings fertilized with effluent from freshwater fish aquaculture. Seeds were inoculated
with A. brasilense strains Sp7, Sp7-S and Sp245 before sowing and after transplanting.
Seedlings were raised under controlled greenhouse conditions with natural light. Inoculated
seedlings produced longer roots (67%), bigger leaves (22%), higher seedling biomass
(>33%), and greater protein (15%) and endogenous plant IAA (94%) contents. Inoculation
with Sp7 and Sp245 increased the number of leaves and stem diameter by 8 and 10%,
respectively. Seedling height was also increased by inoculation, but only with Sp7. In
addition, seedlings inoculated with strains Sp7-S and Sp245 had higher total phosphorus
content, while inoculation with Sp245 increased the activity of the enzyme peroxidase,

which suggests that plant defence responses had been triggered (Mangmanget al., 2015).
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7. Effect on Groundnut:

Balkhande 2021 studied the effect of organic fertilizer prepared from fish waste on the
germination and morphological characteristics of four different varieties of groundnut. 92-
100% seed germination was recorded as compared to control after 7 days of sowing.
Moreover, they revealed that more than one and a half fold increase in Total Plant height,
Color of flowers, color of leaves, leaf length, leaf width, pod size and pod per plant of the
groundnut in fish compost treated bed.lt was found that because of NPK and other
micronutrients in fish waste manure may be responsible for higher growth.On the other hand
application of organic manure with recommended fertilizers significantly enhance the
growth parameters of groundnut (Lourduraj, 2000).Increase in Groundnut growth
parameters in presence of various organic manure (FYM, Poultry and Vermicompost has
been well documented (Mohantyet al., 2005). It was found that besides N, P and K organic
fertilizers significantly influence the soil condition, root proliferations that might be due to
the enhancement of uptake of nutrients (Gopalakrishnan (2007).Significant enhancement of
plant height and number of pods/plant, no. of branches/ plant of groundnut and wheat in
presence of organic compost with Azatobacter /Rhizobium, as PGPR has been reported
(Kulkarni et.al., 2018; Balkhande 2021).

8. Effect of Strawberry Flowering (Fragaria Sp.)

Literature survey revealed that one and a half fold increase in plant height and
number of leaves was reported in fish waste water treated strawberry seeds as compared to
control after 9 weeks of growth. On the other hand lowering of flowering age by 15-20 days
was also observed in fish waste water treated strawberry seeds (Rosadi& Catharina 2022).

9. Effect onAmaranthusdubius (Amaranthus) and Trigonellafoenum-graecum

(coriander):

In this study fish waste fertilizer sprayed (foliar spray) on the experimental plants
after the interval of 7 days and up to 35 days of experimental period. Reports revealed that
the growth and yield such as plant height (cm), shoot length (cm), number of leaves (cm),
number of branches (cm), leaf length (cm), length of internodes (cm), root length (cm) and
stem diameter (cm) was highly increased (Thankachan and Chitra 2021).Ndubuisi (2019)
studied response of fish pond effluent as organic fertilizer on the growth of cucumber
(Cucumissativus) and soil chemical properties. Ahuja et al., (2020) conducted a study about
the production and uses of fertilizers from fish and fish waste that may be applicable for
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certified organic farming, with a focus on crop and horticultural plants. Da et al., (2020)
assessed fish waste based fertilizer on the cucumber (CucumissativusL.) vegetable growth
and vyield. Devi et al., (2020) conducted an experiment to assess the influence of foliar
application of organic liquid manures prepared on the growth, yield and quality of

amaranthus.

10. Discussion:

Research has shown that most nutrients needed for plant growth can be found in fish
feed. Studies have shown that multiple species such as tomatoes, lettuces (Lactucasativa L.),
bean (Phaseolus vulgaris) plants, potato (Solanum tuberosum L.), soybean (Glycine max L.)
Merr.) and onion (Allium cepa L.), fava bean (Viciafaba L.), lupine (Lupinusperennis L.),
soybean, and sunflower (Helianthus annus L.) can be grown throughout the year using fish
effluents(Diattaet al., 2023). The resilience of farming system has increased when cultivated
crops are irrigated with fish effluents. Fish effluents can enhance soil chemical properties,
such as nitrogen, available phosphorus, water-soluble potassium, calcium, and magnesium.

Previous studies have demonstrated that crop irrigation with fish effluents increased
water use efficiency and soil fertility, which resulted in enhanced plant growth and overall
productivity.Studiesshowedthatnetincomebenefitsofupto60%canbe achieved when fish is
integrated with rice (Oryzasativa L.) and some vegetables as a result of both savings in
fertilizers and increased plant productivity (Day et al., 2006).Soil fertilization with fish
waste compost increased contents of macro-elements in lettuce leaves by 78.6% in the case
of nitrogen, by 61.8% in the case of phosphorus, by 56.3% in the case of potassium, by
44.4% in the case of sodium, and by 38.5% in the case of calcium and magnesium. On the
other hand fish hydrolysates are proven to improve the utilization of nutrients by the plants
and root associated beneficial microbes that induce morphological changes in root
architecture (Du Jardinet al., 2015, Chalamaiahet al., 2012). The biological effects of these
mechanisms of action are better root growth and development, increased root and leaf
growth, induction of flowering and improved fruit setting and reduced fruit drop (Yakhinet
al., 2017).The biological conversion of fish waste into nutrient mediated by the PGPR for
the phytostimulation is a sustainable and eco-friendly solution to global issues like waste
management, soil fertility enhancement, improvement of soils health and reducing the
environmental impact of waste disposal by harnessing the nutrients and organic compounds

present in fish waste and reduction uses of synthetic fertilizers.

11. Conclusion:
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Making manure from fish waste offers a promising and practical approach to
achieving sustainable agricultural practices. With proper management and adherence to best
practices, this innovative solution has the potential to play a significant role in building a
more sustainable future for agriculture. The authors hypothesized that FW compost might be

a suitable for agricultural use.
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