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ABSTRACT
Bio-stimulants, which are natural substances aiding plant growth and resilience, are comprised of
various organic and mineral compounds, serving as eco-friendly tools for sustainable farming. The
research study was conducted at the Horticulture Farm of Agriculture at Lovely Professional
University in Phagwara, Punjab, during the years 2023-24. The study employed a randomized block
design with seven treatments replicated three times. Bio-stimulants were sprayed at 60, 90, 120 and
150 days after planting (DAP) on papaya plants cv. Red Lady to evaluate its effect on various growth,
quality and shelf-life parameters. Various growth parameters including plant height, stem girth, canopy
spread, petiole length of leaves, as well as floral characteristics such as days taken for flowering,
height at initial flowering, number of flowers per node, fruit set percentage and yield-related
parameters were evaluated. The study found significant effects of different bio-stimulant applications
on papaya growth, flower and fruit production, fruit quality and shelf-life. Treatment T4 (RDF +
Diatomaceous earth) showed notable improvements in growth parameters, while treatment Ts (RDF +
Panchgavya) resulted in enhanced productivity, fruit quality and shelf-life. Overall, the study suggests
that the application of Diatomaceous earth alongside fertilizers promotes vegetative growth, while
Panchgavya application enhances flowering, fruiting and quality attributes, offering insights for
optimizing papaya cultivation practices for improved yield and quality.
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1. INTRODUCTION

Papaya (Carica papaya L.) characterized as an herbaceous plant [1], exhibits a variable
growth pattern depending on the specific variety, with some reaching heights of up to ten meters [2].
The leaves of papaya plants are palmately-lobed [3], featuring lengthy [4], hollow petioles and blades
divided into 5-9 segments [5]. Flower buds develop at the axils of the leaves [6] and the fertilized fruit

can contain up to 1000 seeds [5]. The fruit's skin transitions from green in its unripe stage to a vibrant
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yellow orange when it ripens [7]. In general, papaya plants have a lifespan ranging from five to ten
years [2]. Papaya differs in its nutrient requirements as compared to other crops as flowering, fruit
initiation and formation and fruit development is a continuous phenomenon. The source-sink
interaction is also very prominent for this crop and such it responds very well to nutrient application

whether basal or foliar [8].

Bio-stimulants refer to the formulations that reduce the dependency of plants on fertilizers [9].
These provide an impetus to the plant growth and provide a resistance mechanism to the plants
against various abiotic stresses [10]. Although these are not comparable to the plant growth
regulators, yet when applied in small concentrations, tend to streamline the plant physiological
processes resulting in high yields and fairly good quality of fruits [11]. Application of plant bio-
stimulants enhances the nutritional efficiency of the plant [12], plant morphological traits [13]
resistance to abiotic stresses irrespective of the source of nutrients used [14]. Bio-stimulant
compositions have varied ingredients such as humic acids, algal extracts, hormones and growth
promoting bacteria for plants [15]. While they are not the same as fertilizers, they are seen as eco-
friendly tools for sustainable farming, promoting healthier plant growth without harming the
environment [11]. Bio-stimulant like Panchgavya is a form of organic liquid made purely from 5
organic ingredients like cowdung, cow urine, cow milk, curd and ghee [16]. All the five constituents
are known to have medicinal properties and were used singly or in combination against many
diseases. It is well documented that the organically produced fruits, vegetables and grains are more
beneficial for human health [17] and contain higher hydrolysable polyphenols and higher soluble and
hydrolysable antioxidant capacities [18]. Several studies indicated the positive effect of foliar
application of panchagavya on food crops etc. [19,20].

Various other bio-stimulants like vermiwash, jeevamrutham and brassinosteriods have shown
positive effect on the growth and development of fruit plants. The daily administration of panchgavya
led in a considerable decrease in the time needed for first flowering, first fruiting, and the period
between first flowering and fruit maturity in papaya cv Vinayak [21]. It is seen that application of
brassinosteroids as a foliar spray in papaya boosted firmness, reduced physiological weight loss and
lowered oxygen consumption, consequently enhancing fruit quality and extending its shelf life [22].
The application of Jeevamrutham in conjunction with the recommended dose of fertilizers in papaya
cv Taiwan Red Lady cultivation in the Satpura plateau region of Madhya Pradesh resulted in
significant enhancements in vegetative growth, yield, and fruit quality attributes [23]. It was observed
that papaya plants exhibited superior growth parameters, including increased plant height, stem girth
and petiole length, when treated with a blend of vermiwash and other organic supplements such as
neem seed extract and cow urine within the framework of precision farming techniques [24]. This
study was planned to evaluate the effect of foliar application of bio-stimulants on growth, yield and

shelf life of papaya cv. Red Lady.
2. MATERIAL AND METHODS

The current study was conducted at the Horticultural Farm and within the laboratories of the School



of Agriculture, Lovely Professional University, located in Phagwara, Punjab, throughout the duration
of 2023. Experimental site is located within the Doaba region of Punjab, situated at coordinates
31.25° N latitude and 75.70° E longitude, with an elevation of 249 meters above sea level. For this
experiment, various bio-stimulants were employed across seven distinct treatments, alongside a
control group. These bio-stimulants were administered through both foliar and soil applications. The
experimental design adopted was a randomized block design, with three replications. The research
was conducted in randomized block designs (RBD). Total number of treatments was 7 (Tu
Recommended dose of fertilizer (Conventional method), T2: RDF + seaweed extract spray, Ta: RDF +
Brassinosteroids, T4 RDF + Diatomaceous earth, Ts: RDF + Panchagavya, Te: RDF + Vermiwash, Tz
RDF + Jeevamrutham) having 3 replications (each replication had 2 plants per treatment) each with
total number of plants 42 for papaya cv. Red Lady.

2.1 OBSERVATIONS RECORDED

Every 30 days after spraying till the harvesting of fruits, vegetative parameters were
recorded. Plant height was recorded using a graduated stick. Stem girth was recorded using a Vernier
caliper. Number of leaves of selected plants from each replication were numerically counted, Petiole
length was measured at 150 and 240 days of transplanting by taking three tagged leaf petioles from
the top. It was measured with the help of measuring tape. Plant Spread was recorded using a
measuring tape. Number of days taken from transplanting till the opening of first
female/hermaphrodite flower was recorded to access days to flowering. Height of the plant from
ground level to the node where first flower appeared was recorded. Number of flowers produced per
node in each plant was recorded for three months, starting from first flowering. Number of fruits per
plant, Fruit physical characters, Fruit yield per plant, Days taken for maturity were recorded as per
standard methods. Fruit Acidity (%) and Ascorbic acid (mg/100g) was calculated as per the method given
by [25], Total sugars were estimated by the method given by [26], reducing sugars were recorded as
per the method given by [27] and non-reducing sugar is computed by removing reducing sugar from
total sugar and multiplying the result by 0.95. Shelf-life parameters were recorded at an interval of 4

days and were analyzed using standard methods of observations.

3. RESULTS AND DISCUSSION

3.1 Vegetative parameters

The maximum plant height on 150" DAP was observed under T4 (RDF+ Diatomaceous earth)
having the value of 152.33cm followed by Te (RDF + Vermiwash) with 146.83 cm of plant height.
Treatment T4 was found significant for stem girth which recorded 8.11 cm of stem girth at 150" DAP
followed by T7 (RDF+ Jeevamrutham) with 8.01cm of stem girth. There was a notable difference in the
treatment T4 (RDF + Diatomaceous earth) which had the highest number of leaves (31) at 150t DAP
followed closely by treatment Ts (RDF + Panchagavya) with 30.67 leaves per plant. Treatment T4
(RDF + Diatomaceous earth) resulted in maximum canopy spread (197.83 N-S; 203.33 E-W) followed
by the treatment T2 (RDF + Seaweed extract) with 195.33cm N-S; 198.83 cm E-W at 150t DAP. The

findings at at 240 DAP revealed a substantial difference: the treatment T4 had the longest petiole



length of leaves (67.06cm) followed by the treatment Ts (RDF + Brassinosteroids) resulted a petiole
length of 66.50cm. The maximum chlorophyll index value of 35.90 was reported in the treatment T4
(RDF + Diatomaceous earth) at 150t DAP followed by the treatment Ts (RDF + Panchagavya). It is
clear from the obtained data in table1 that spraying papaya cv. Red lady with diatomaceous earth
along with recommended dose of fertilizers at 30, 60, 90 and 120 DAP significantly accompanied with
enhancing plant height, stem girth, Leaf count per plant, Canopy spread, Petiole length and
Chlorophyll index. These findings were similar with that of [28] in Hindi Khasa mango, [29] in orange,
[30] in Keitte mango. According to [31], plants sprayed with silicon showed significantly greater
absorption of nitrogen, potassium, phosphorus and zinc. The application of Diatomaceous Earth as a
silicon source led to an increase in leaf chlorophyll content, which consequently reduced chlorophyll
degradation, reported by [32] in Pomegranate var. Kesar.

Table 1. Effect of bio-stimulant administrations on Vegetative Parameters of Papaya cv. Red
Lady at 150 Days after planting

Petiole length

Treatments hPeIi&;nt:t 3:?;: No. of (;er]g:dy C;er]::dy of leaves (cm) C?:l?j::xpgfy :
cm)  (cm) "V (nes) (E-W) [150, 240 Leaves
days]
T1 138.5 7.34 28.67 179.67 170.33 56.33 63.72 32.95
T2 139.5 7.8 29.5 195.33 198.83 60 64.78 33.27
Ta 144.67 7.95 30.17 185.67 192.5 65.39 66.5 34.27
Ts 152.33 8.11 30.5 197.83 203.33 65.72 67.06 35.9
Ts 139.33 7.89 31 188.83 188.67 59.33 64.67 35.9
Ts 146.83 7.91 30.67 194.5 174.5 62.67 64.39 35.07
T7 142 8.01 29.17 194.17 173.5 61.17 64.5 34.72
S.Em (%) 4.5 0.31 0.8 6.23 8.87 1.73 1.36 0.74
C.D. at 5% 9.08 0.63 1.61 12.5 17.8 3.49 2.73 1.49

T1= Recommended dose of fertilizer, T-= RDF + Seaweed extract, Ts= RDF + Brassinosteroids, T+= RDF +
Diatomaceous earth, Ts = RDF + Panchagavya, Te = RDF + Vermiwash, T7 = RDF + Jeevamrutham.

3.2 Flower and fruit parameters

The treatment Ts combining RDF with Panchagavya resulted in the increased number of
flowers per node (6.33) at 150t DAP followed by the treatment T+ (RDF + Jeevamrutham) which
produced 5.33 flowers per node. The minimum days to flower opening was observed for the treatment
Ts (RDF + Panchagavya) with minimum of 99.67days to open flowers followed by the treatment T+
(RDF + Jeevamrutham) with 103.67days. The maximum fruit set percentage of 70.35 was observed
under the treatment Ts followed by the treatment Tz of about 69.85% of fruit set. Treatment Ts
demonstrated the superior performance with 36.83 fruits per plant, followed by the treatment T3 (RDF
+ Brassinosteroids) with 34.83 fruits per plant. Statistical examination of data regarding fruit yield per
plant and fruit yield per hectare as depicted in table 2a & table 2b reveals that the various treatments
exerted a significant influence on fruit yield. The treatment Ts recorded the higher fruit yield of 56.78
kg/plant and 83.83t/hectare followed by 44.83kg/plant and 83.10t/hectare with treatment T7. The

treatment Ts (RDF + Panchagavya) resulted in the substantially highest length and width of fruits



(24.2cm and 21.0cm), followed by the treatment Tz (RDF+ Jeevamrutham) with the fruit length and
width of about 21.26cm and 20.23cm. The minimum days taken for fruit maturity (197.6) was
observed with the treatment Ts (RDF + Panchagavya) followed by the treatment Tz (RDF +
Jeevamrutham) with minimum days of 198 for fruit maturity. Highest fruit weight was observed under
the treatment Ts (0.97 kg) followed by the treatment T7 of about 0.96 kg. These readings were similar
with that of [33] in Bitter gourd, [34] in Capsicum.

Table 2a. Effect of bio-stimulant administrations on flower and fruit parameters of Papaya cv.
Red Lady

Fruit

No.of Days to Fruit set No. of yield

Treatments flower . per

flowers/node . percentage (%) fruits/plant

opening plant

(kg)
T1 4.5 125.17 63.44 31.83 19.57
T 4.33 122.83 66.43 33.67 26.68
T3 4.67 106.5 68.88 34.83 43.35
Ta 5 108.83 65.55 33.83 25.01
Ts 6.33 99.67 70.35 36.83 56.78
Te 4.67 107.33 66.63 34.5 35.29
T7 5.33 103.67 69.85 325 44.83
S.Em (2) 0.37 8.78 3.87 1.72 2.255
C.D. at 5% 0.73 17.7 7.79 3.46 7.02

T1= Recommended dose of fertilizer, To= RDF + Seaweed extract, Ts= RDF + Brassinosteroids, T+= RDF +
Diatomaceous earth, Ts = RDF + Panchagavya, Te = RDF + Vermiwash, T7 = RDF + Jeevamrutham.

Table 2b. Effect of bio-stimulant administrations on flower and fruit parameters of Papaya cv.
Red Lady

Fruit yield per Days taken Fruit length Fruit width Fruit weight

Treatments hectare (t) for maturity (cm) (cm) (Kg)
T1 50.46 207.17 13 12.03 0.63

T 66.7 202.88 16.73 14.83 0.8

T3 79.86 200.50 19.6 18.93 0.92

Ta 62.53 203.83 14.86 13.46 0.74

Ts 83.83 197.67 24.2 21 0.97

Te 79.33 202.17 18.33 16.53 0.9

T7 83.1 198 21.26 20.23 0.96
S.Em (z) 4.12 4.42 0.3 0.27 0.02

C.D. at 5% 12.83 1.42 0.94 0.85 0.063




T1= Recommended dose of fertilizer, T-= RDF + Seaweed extract, Ts= RDF + Brassinosteroids, T+= RDF +
Diatomaceous earth, Ts = RDF + Panchagavya, Te = RDF + VVermiwash, T7 = RDF + Jeevamrutham.
3.3 Quality parameters

The maximum pulp weight of 0.8kg was noticed under the treatment Ts (RDF + Panchagavya)
followed by the treatment T7 (RDF + Jeevamrutham) having the pulp weight of 0.79kg. Treatment Ts
(RDF + Panchagavya) recorded the maximum peel weight and seed weight of 92.41g and 86.06g
respectively followed by the treatment Tz (RDF + Jeevamrutham) having the peel and seed weight of
about 89.75g and 84.16g respectively. The finding of results depicted in table 3a and table 3b shows
that minimum recorded acidity was found in the treatment Ts having the value of 0.019% followed by
the treatment T7 with the acidity value of 0.02%. TSS concentration was notably highest in the
treatment Ts (RDF + Panchagavya) with a reading of 8.93°Brix, followed by treatment Tz (RDF +
Jeevamrutham) with 8.6°Brix. The maximum concentration of ascorbic acid was detected for the
treatment Ts (RDF + Panchagavya) of 41.91mg/100g, followed by treatment T7 (RDF +
Jeevamrutham) of about 40.06mg/100g. The highest sugars% (reducing, Non-reducing and Total
sugars) was observed under the treatment Ts (RDF + Panchagavya) with the readings of 8.56%,
1.25% and 10.26% respectively followed by the treatment Tz (RDF + Jeevamrutham) with the
readings of 8.30%, 1.24% and 9.98%. Research by [35] indicates that the improved performance of
plants treated with panchagavya can be attributed to its properties as a growth promoter and
immunity booster, as well as its ability to mitigate common diseases. Similarly, [36] and [37] support
these findings.

Table 3a. Effect of bio-stimulant treatments on quality parameters of Papaya cv. Red Lady

Treatments Pulp weight Peel weight Seed weight Ti.trf.:ltable Total s.oluble

(kg) (9) (9) acidity (%) solids

T1 0.48 74.11 69.76 0.027 6.6

T2 0.63 83.56 77.46 0.025 6.77

Ts 0.76 88.06 81.98 0.021 7.96

Ts 0.58 78.86 74.3 0.026 6.78

Ts 0.8 92.41 86.06 0.019 8.93

Ts 0.72 86.11 78.56 0.024 7.43

T7 0.79 89.75 84.16 0.02 8.6
S.Em (%) 0.02 0.55 2.55 0.001 0.41
C.D. at 5% 0.064 1.71 0.82 0.002 1.29

T1= Recommended dose of fertilizer, To= RDF + Seaweed extract, Ts3= RDF + Brassinosteroids, T+= RDF +
Diatomaceous earth, Ts = RDF + Panchagavya, Te = RDF + Vermiwash, T7 = RDF + Jeevamrutham.



Table 3b. Effect of bio-stimulant treatments on quality parameters of Papaya cv. Red Lady

Treatments Ascorbic acid Reducing sugars Non-reducing Total sugars

(mg/100g) (%) sugars (%) (%)

T1 34.31 5.841 1.135 7.283

T2 37.3 7.177 1.163 8.718

T3 39.5 8.186 1.227 9.843

Ts 36.28 6.829 1.155 8.343

Ts 41.91 8.56 1.253 10.263

Ts 38.03 7.293 1.192 8.868

T7 40.06 8.308 1.243 9.988
S.Em (%) 0.48 0.16 0.01 0.17
C.D. at 5% 151 0.5 0.04 0.53

T1= Recommended dose of fertilizer, T.= RDF + Seaweed extract, T3= RDF + Brassinosteroids, T+= RDF +
Diatomaceous earth, Ts = RDF + Panchagavya, Te = RDF + Vermiwash, T7 = RDF + Jeevamrutham.

3.4 Shelf-life parameters

Physiological loss in weight was minimum with the treatment Ts (RDF + Panchagavya)
having the value 11.7%, followed by the treatment Tz (RDF + Jeevamrutham) with the value 12.9%.
The data of findings shows that maximum shelf life was noted in the treatment Ts (RDF +
Panchagavya) with maximum days of about 6.83days followed by the treatment T; (RDF +
Jeevamrutham) remain marketable for about 6.16days. Treatments Ts and T7 were non-significant to
each other. Similar findings were observed by [38] in bitter gourd and [39] in Tomato. Panchagavya
has been found to contain growth regulators such as IAA, GA and cytokinin, as demonstrated by
[40]. Panchagavya harbours the highest populations of total bacteria, actinomycetes, phosphate
solubilizers, fluorescent pseudomonads and nitrifiers among the microorganisms [39].
Dehydrogenase activity and microbial biomass were greater in Panchagavya treated plants [41].
The outcomes align with the findings presented by [42] in their research involving the strawberry
cultivar Camarosa.

Table 4. Effect of bio-stimulant treatments on shelf- life parameters of Papaya cv. Red Lady

Treatments Physiological loss in weight (%) Shelf life (days)
T1 18.418 3.167
T 16.355 4.5
Ts 13.673 5.833
Ta 17.778 4.167
Ts 11.72 6.833
Te 15.172 5.167

T7 12.917 6.167




S.Em (2) 0.23 0.25
C.D. at 5% 0.73 0.79

T1= Recommended dose of fertilizer, T-= RDF + Seaweed extract, T3= RDF + Brassinosteroids, T+= RDF +
Diatomaceous earth, Ts = RDF + Panchagavya, Te = RDF + Vermiwash, T7 = RDF + Jeevamrutham.

4. CONCLUSION

This study demonstrated that combining the recommended dose of fertilizers (RDF) with
organic amendments such as Diatomaceous Earth, Panchagavya, and Jeevamrutham significantly
improved the growth, yield and quality of papaya cv Red Lady in the Doaba region of Punjab. The
treatment with RDF and Diatomaceous Earth (T4) showed the best results for vegetative growth
parameters, including plant height, stem girth, leaf count, canopy spread, petiole length and
chlorophyll index. The treatment combining RDF with Panchagavya (Ts) excelled in reproductive and
fruit quality traits, achieving the highest number of flowers per node, fruit set percentage, fruit yield,
fruit size, weight and quality attributes such as TSS, ascorbic acid content and total sugars.
Panchagavya also significantly enhanced the shelf life and reduced physiological weight loss of the
fruits. These findings suggest that integrating these organic treatments with RDF can greatly enhance
papaya production.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of
manuscripts.

REFERENCES

1. Godinez, L. J. G., Escobar, J. G. R., Rodriguez-Falconi, R., Arteaga-Garibay, R. I., &
Avendano-Arrazate, C. H. (2024). Isolation and Characterization of fungal pathogens
associated with Carica papaya L. and their biocontrol with Trichoderma sp.: Aislamiento
y caracterizacién de patégenos fungicos asociados a Carica papaya L., y su biocontrol

con Trichoderma sp. Agro Productividad.

2. Avila-Hernandez JG, del Rosario Cardenas-Aquino M, Camas-Reyes A, Martinez-
Antonio A. REVIEW Sex Determination in Papaya: Current Status and Perspectives.
Plant Science. 2023 Aug 9:111814.

3. Dutta, S., Das, M., & Mitra, A. (2024). Macro-microscopic and phytochemical studies of
Papaya (Carica papaya L.) with special reference to quality assurance profiles. Journal
of Drug Research in Ayurvedic Sciences, 9(2), 99-110.

4. Encina CL, Granero ML, Regalado JJ. In Vitro Long-Term Cultures of Papaya (Carica
papaya L. cv. Solo). Horticulturae. 2023 Jun 6; 9(6):671.

5. Bunu SJ, Okei JO, Miediegha O, Ebeshi BU, Chukwuemerie OL. Assessment of

Secondary Metabolites and Thin-Layer Chromatographic Analysis of Carica papaya



10.

11.

12.

13.

14.

15.

16.

(Caricaceae) Leaves Ethanolic Extract. Journal of Pharmaceutical Research
International. 2023 Dec 30; 35(36):21-8.

Sahu MK, Sharma GL, Panigrahi HK, Singh P. Studies on influence of plant growth
regulators on flowering, fruiting, fruit setting, and maturity of papaya (Carica papaya L.)

cv. Red Lady under net house condition.

Godfried A, Adade D, Obeng M, Ayikpah AY. An Investigation into fruit supply chains in
ghana: the case of pineapple and pawpaw. 2015.

Auxcilia J, Sujatha KB, Patil P. Precision Farming in Papaya for the Enhancement of
Fruit Yield and Quality. InBiological Forum—An International Journal 2022; 14(3), 484-
489.

Miranda AM, Hernandez-Tenorio F, Villalta F, Vargas GJ, Séaez AA. Advances in the
Development of Biofertilizers and Biostimulants from Microalgae. Biology. 2024 Mar
21;13(3):199.

Trivedi, K., Vijay Anand, K. G., Kubavat, D., Kumar, R., Vaghela, P., & Ghosh, A. (2017).
Crop stage selection is vital to elicit optimal response of maize to seaweed bio-stimulant

application. Journal of applied phycology, 29, 2135-2144.

Paradikovié N, Tekli¢ T, Zeljkovi¢ S, Lisjak M, Spoljarevi¢ M. Biostimulants research in
some horticultural plant species—A review. Food and Energy Security. 2019 May;
8(2):e00162.

Reddy KS, Wakchaure G, Khapte P, Changan S. Plant Bio-stimulants for Mitigating
Abiotic Stresses in Agriculture. Indian J. Fertil. 2023 Aug;19:788-800.

Senousy HH, Hamoud YA, Abu-Elsaoud AM, Mahmoud Al zoubi O, Abdelbaky NF, Zia-
Ur-Rehman M, Usman M, Soliman MH. Algal Bio-Stimulants Enhance Salt Tolerance in
Common Bean: Dissecting Morphological, Physiological, and Genetic Mechanisms for
Stress Adaptation. Plants. 2023 Oct 29;12(21):3714.

Hongal G, Siddaraju R, Bai SK, Vishwanath K, Ramanappa T, Pavan A. Bio-Stimulants
in Oil Seed Crops-lts Influence on Growth, Yield and Quality. Mysore Journal of
Agricultural Sciences. 2023 Oct 1;57(4).

Dubey SC, Sharma K. Biostimulant: an innovative approach for sustainable crop
production. Current Science (00113891). 2023 Aug 25;125(4).

Jnanesha AC, Venugopal S, Kumar SR, Kumar A, Bisht D, Chanotiya CS, Lal RK.
Optimization of a new organic approach to natural biostimulant (Jeevamrutha) for yield
and quality management in Senna (Cassia angustifolia Vahl.): an agriculturally highly

export-oriented crop. Technology in Horticulture. 2024;4(1).



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Rahman A, Baharlouei P, Koh EH, Pirvu DG, Rehmani R, Arcos M, Puri S. A
Comprehensive Analysis of Organic Food: Evaluating Nutritional Value and Impact on
Human Health. Foods. 2024 Jan 9;13(2):208.

Mercado-Mercado G, Blancas-Benitez FJ, Velderrain-Rodriguez GR, Montalvo-Gonzalez
E, Gonzéalez-Aguilar GA, Alvarez-Parrilla E, Sayago-Ayerdi SG. Bioaccessibility of
polyphenols released and associated to dietary fibre in calyces and decoction residues of
Roselle (Hibiscus sabdariffa L.). Journal of functional foods. 2015 Oct 1;18:171-81.

Behera SR, Pandey R, Golui K, Sahoo S, Jakhwal R, Pal R. Application of Panchagavya,
a Cow-based Liquid Formulation, as a Lever for Sustainable and Enhanced Vegetable
Crop Production: A Review. International Journal of Environment and Climate Change.
2024 May 18;14(5):214-32.

Brar PS, Bhardwaj G, Kaushal R. Influence of organic amendments, PGPR and
fermented folk liquid formulations on bell pepper in mid-hill conditions of Himachal
Pradesh state of India. Journal of Plant Nutrition. 2024 Jan 2;47(1):97-109.

Devi OB, Singh YS. Effect of organic amendments on growth, yield and quality of papaya
(Carica papaya L.) cv Vinayak.2023 Mar 41 (1) : 522—531

Kavya K, Awati MG, Manjunath G, Venkatesh M, Ranjitha J, Jhalegar MJ. Role of pre-
harvest application of elicitors and bio-formulations on physical, physiological quality and
disease index of papaya (Carica papaya L.) var. Red Lady fruits during storage. The
Pharma Innovation Journal. 2022a. 2022;11(3):448-55.

Jhade RK, Ambulkar PL, Shrivastava DC, Alawa SL, Pannase SK. Efficacy of INM with
jeevamrutha on growth, yield and quality of papaya (Carica papaya L.) cv. Taiwan Red
Lady under satpura plateau region of Madhya Pradesh District Chhindwara. Int. J Curr.
Microbiol. App. Sci. 2020;11:3050-6.

Banjare R. Effect of organic nutrition practices on the growth of papaya (Carica papaya
L.) fruit crop under Precision farming techniques.

Ranganna S. Manual of analysis fruits and vegetables. Tara-McGraw Hill, New Delhi.
1977:1-3.

Dar SQ, Dar KR, Sharma MK, Mir SA, Khan FA, andMA Chattoo MA. Seasonal
accumulation of total sugars, reducing Sugars and non-reducing sugars in the fruits of
apple (Malus domestics Borkh.) cv. Fuji Zehn Aztec during fruit development.

AOAC. Official and tentative methods of analysis. Association of Official Agricultural
Chemists;1990: pp. 484.

Abd El-Gawad HG, EI-Azm NA, Hikal MS. Effect of potassium silicate on tuber yield and
biochemical constituents of potato plants grown under drought stress conditions. Middle
East J. Agric. Res. 2017;6(3):718-31.

El-Gioushy SF. Productivity, fruit quality and nutritional status of Washington navel

orange trees as influenced by foliar application with salicylic acid and potassium silicate



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

combinations. Journal of Horticultural Science & Ornamental Plants. 2016;8(2):98-107.
Abd El-Rahman MM. Relation of spraying silicon with fruiting of Keitte Mango trees
growing under upper Egypt conditions. Stem Cell. 2015;6(2):1-5.

Satisha GC, Saxena AK, Ganesshamurthy AN. Effect of silicon and macronutrients on
plant growth, yield and disease incidence in chilli (Capsicum annuum L). InProceedings of
the 7th International Conference on Silicon in Agriculture, Bengaluru, India 2017 Oct (Vol.
24, p. 28).

Kalatippi, Anand. Effect of Diatomaceous Earth on Chlorophyll Content of Leaves, Yield
and Disease Occurrence in Pomegranate var. Kesar. International Journal of Pure &
Applied Bioscience. 2017; 5(5):1298-1303.

Rana D. Influence of Panchgavya on Growth, Yield and Quality parameters of Bitter Gourd
(Momordica charantia L.). International Journal of Plant & Soil Science. 2023 Aug
2;35(18):1408-15.

Mishra, Nityamanjari & Sahu, G & Mishra, P & Ray, Monika. | J T A Effect of Panchagavya
on Growth and Yield of Capsicum. (2015); 33:2613-2616.

Tiwari V, Maji S, Kumar S, Prajapati G, Yadav R. Use of kitchen waste based bio-organics
for strawberry (Fragaria x ananassa Duch) production. African Journal of Agricultural
Research. 2016 Jan 28;11(4):259-65.

Vallimayil J, Sekar R. Investigation on the effect of panchagavya on sounthern sunnhemp
mosaic virus (SSMV) infected plant systems. Global Journal of Environmental Research.
2012;6(2):75-9.

Amareswari PU, Sujathamma P. Jeevamrutha as an alternative of chemical fertilizers in
rice production. Agricultural Science Digest-A Research Journal. 2014;34(3):240-2.

Gajjela S, Chatterjee R, Subba S, Ramesh E. Studies on Storage Behaviour of Bitter
Gourd as Influenced by Liquid Organic Manures. Int. J. Curr. Microbiol. App. Sci.
2018;7(10):1427-34.

Muthukumar M, Jeyakumar P, Sritharan N, Somasundaram E. K. Ganesan. Effect of
organic and inorganic fertilizers on postharvest physiological characters of tomato. Int. J.
Pure App. Biosci. 2019;7(3):454-60.

S. Sreethu and S. Singh. Effect of nitrogen and panchagavya on growth and yield of baby
corn yield of baby corn (Zea mays L.). The Bioscan, 2020;15 (2): 243-246.

Leo Daniel Amalraj E, Praveen Kumar G, Mir Hassan Ahmed SK, Abdul R, Kishore N.
Microbiological analysis of panchagavya, vermicompost, and FYM and their effect on plant
growth promotion of pigeon pea (Cajanus cajan L.) in India. Organic Agriculture. 2013
Mar;3:23-9.

Senthilkumar S, Kondi RK, Kumar KP, Kumar SM, Reddy PR, Sravani S. A study of certain
organic inputs on phenological, yield and quality related traits of strawberry (cv.

Camarosa) in pot culture. Emergent Life Sciences Research. 2023 Jun;9:77-82.



