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ABSTRACT 

The application of agro-waste in the form of compost is an ecofriendly approach to minimize the use of 
chemicals for crop improvement. Hence, compost was prepared by the Indore method from banana spathe 
obtained from five popular varieties of banana cultivated in Tamil Nadu, India, and its growth promoting ability 
was tested on the rice cultivar CO-51. The banana spathe was applied as both an aqueous extract and compost to 
evaluate the growth parameters in bioassays and pot culture experiments. The compost improved the growth in 
terms of root length, shoot length, biomass, tillers, length, and width of flag leaf and yield in CO-51 rice cultivar 
significantly (p < 0.001%) when compared to the untreated control and fertilizer-treated plants. The maximum 
yield was observed in the treatment with Rasthali spathe. Biochemical analysis of the compost-treated rice 
plants showed an increase in chlorophyll, carotenoid, carbohydrate, protein, and amino acid content when 
compared to the untreated control plants. The results from the study suggest that the banana spathe compost 
could be used as an effective organic fertilizer for the growth of rice plants thus providing a strategy to reduce 
landfills, as well as the use of fertilizers, thereby further helping to protect the agroecosystem.

1. INTRODUCTION
Although agriculture is considered the backbone of India, it 
still faces environmental problems due to the application of an 
enormous amount of chemical fertilizers and pesticides to improve 
crop production. Continuous application of nitrogenous fertilizers 
deteriorates the soil fertility which in turn leads to the lower 
productivity of the crop and moreover it is costly when compared 
to organic fertilizers [1,2]. In this scenario, the production and 
application of organic fertilizers that do not harm the environment 
could prove to be an effective strategy to safeguard the environment. 
In fact, they are the most suitable source for enhancing soil 
fertility as well [3]. Organic compost promotes the soil with better 
water-holding capacity and drought resistance. It is also popularly 
known for its ecofriendly and economically attractive nature. More 
often, it also helps in sustainable management of agroresidues and 
enhancing the recycling capacity of substrates that are generated 
in agricultural industry [4,5]. When such organic composts are 

prepared from plant parts that possess phytoconstituents like 
phenols and alkaloids, they provide a better and safe environment 
for the crop plants to which they are applied as a fertilizer. The 
phytoconstituents present in the compost may help in combating 
harmful microbes that may cause damage to the crop [6–8].

Common among the agrowastes are postharvest wastes, cassava 
peels, peanut shells, vegetable and fruit peels, brewery wastes, 
cocoa husks, kola husks, corn, etc. [4,9,10]. These agrowastes 
can be composted and used as a value-added biofertilizer [11]. 
Composting of these agrowastes is considered to be more 
ecofriendly than municipal waste because of its less heavy metal 
content [12]. Although a number of raw materials from agrowaste 
are available, there is always a constant search for new sources to 
find a better substrate that has a higher nutrient value to replace the 
chemical fertilizers.

In India, particularly in the southern states, among the major fruit 
crops cultivated, Musa sp. (Banana), belonging to the family 
Musaceae, has a major role in the generation of postharvest 
residues. They are mainly grown in the tropical and sub-tropical 
countries and are widely used for their nutritional values all over 
the world.
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Various plant parts are obtained as agrowastes from banana 
cultivation. Studies have been carried out on compost production 
from banana waste like peels, pseudostems, and dry leaves obtained 
from different varieties [13]. However, a highly nutritious and 
lignin-rich spathe, a part of the banana spadix, is being discarded 
as waste in markets and cultivated areas. So far, it has not been 
exploited as a raw material for compost generation. It is highly 
nutritious and lignin-rich and hence can be used as a source of 
compost for plants as they are highly nutritious and rich in lignin 
content. Hence, in the present study, banana spathe is used as a raw 
material for the preparation of organic compost and rice cultivar 
CO-51 has been used as a model plant for evaluating the potential 
of the compost. Herein, we report that banana spathe, a neglected 
agrowaste from banana fields and markets, can be effectively 
utilized as a compost substrate and has a great potential to improve 
the growth in crop plants.

2. METHODS AND MATERIALS

2.1. Sample Preparation and Extraction
Banana flower spathe of five popular varieties, namely Karpuravalli 
(MV1), Poovan (MV2), Plantain (MV3), Elaki (MV4), and 
Rasthali (MV5), were collected from different banana-cultivated 
areas in Ranipet district of Tamil Nadu. They were shade-dried 
for about 40–50 days and powdered. These powdered samples 
were extracted using different solvents such as aqueous, ethanol, 
and methanol in the ratio of 1:10 (plant sample:solvent) by cold 
percolation method and were stored at 4°C [14].

2.2. Preparation of Compost Using Heap Method
The banana spathe compost (BSC) was prepared in earthen pot 
containers of size 15 × 18 inches (width × length). Banana spathe 
was collected from five different varieties, viz. Karpuravalli, 
Poovan, Plantain, Elaki, and Rasthali. The base of the heap was 
lined with neem twigs to avoid pests. The spathe portions were 
added in successive layers and piled up on top of the neem sticks 
[15]. The compost was collected after 90 days and stored in air-
tight packs after sieving.

2.3. Nutrient Analysis of BSC
Physiochemical factors such as pH, electrical conductivity, organic 
carbon, N, P, K, Ca, Mg, and Na were analyzed for soil and total 
nutrients were analyzed for BSC used for pot culture experiments.

2.4. Phytochemical Analysis of Musa Extract and Compost
The extracts of Musa spathe of the selected varieties and the BSC 
were analyzed for the presence of alkaloids, tannins, glycosides, 
carbohydrates, proteins, amino acids, flavonoids, and saponins 
using standard procedures [16].

2.5. Detection of Indole Acetic Acid and Total Phenolic 
Content
Indole Acetic Acid (IAA) was determined by using Salkowski’s 
reagent [17] and total phenolic content was determined by Folin–
Ciocalteu’s reagent by using gallic acid as the standard [18] in 
banana spathe extract.

2.6. Effect of Banana Spathe Extracts on Rice Plants – Seed 
Germination and in vitro Bioassay
The seeds of the rice cultivar CO-51 obtained from AGM/
TANSEDA, Arakkonam, Tamil Nadu, were used for all plate assays 
and pot culture experiments. The seeds were spread uniformly in 
petri dishes lined with sterile filter papers and treated with aqueous 
extracts of five different varieties of banana spathe extracts. All 
the experiments were carried out in triplicates. Germination and 
growth parameters such as radicle length and plumule length 
were recorded on the 7th and 14th days after sowing (DAS). The 
percentage of seed germination was calculated and recorded.

2.7. Effect of BSC on the Biometrics of Rice Cultivar CO-51 – 
A Pot Culture Experiment
Polypropylene bags filled with soil mixture (red soil, sand, and 
clay) and compost in the ratio of 1:1 was used for the pot culture 
experiment. The soil used in the experiment was analyzed for 
its physicochemical properties before using it in the experiment. 
The rice seeds were soaked in water overnight and sown in the 
prepared polypropylene bag and given eight different treatments 
including control. The treatments are as follows:

1. Control plants grown without compost and fertilizer.

2. NPK - Plants grown with Conventional Nitrogen 
Phosphorus Potassium fertilizer (NPK used as per the 
recommended dosage).

3. BSC - Plants grown with soil and compost mixture.

4. T1 - Plants grown with aqueous extracts of MV1 
Karpuravalli spathe.

5. T2 - Plants grown with aqueous extracts of MV2 Poovan 
spathe.

6. T3 - Plants grown with aqueous extracts of MV3 Plantain 
spathe.

7. T4 - Plants grown with aqueous extracts of MV4 Elaki 
spathe.

8. T5 - Plants grown with aqueous extracts of MV5 Rasthali 
spathe.

The growth parameters such as root length, shoot length, fresh 
weight, and dry weight were measured up to 120 days with 30 
days interval. The number of tillers, flag leaf length and width, 
length of the panicle (90 DAS), and the yield (120 DAS) were also 
recorded and statistically analyzed.

2.8. Estimation of Chlorophyll and Carotenoid pigments in 
Rice Cultivar CO-51

The amount of chlorophyll-a, chlorophyll-b, and total chlorophyll 
in the leaves of rice plant (10 DAS) grown with different varieties 
of banana spathe extracts were analyzed by Arnon’s method 
[19] and the carotenoid content by Harborne [16]. The amount 
of chlorophyll and carotenoid was calculated using the following 
formulae:

Chlorophyll-a (mg/g) =  (12.7 × OD663) − (2.69 × OD645) × 
V/1,000 × W
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Chlorophyll-b (mg/g) =  (22.9 × OD645) − (4.68 × OD663) × 
V/1,000 × W

Total chlorophyll (mg/g) =  (20.2 × OD645) + (8.02 × OD663) × 
V/1,000 × W.

Carotenoid (mg/g) =  OD480 – (0.114.3 × OD663) – (0.638 × 
OD645) × V/1,000 × W.

Where V = volume of the sample and W = weight of the sample.

2.9. Estimation of Biochemicals – Carbohydrates, Proteins, 
and Amino Acids in Treated Rice Cultivar CO-51
The compost-treated and untreated rice plants (90 DAS) were 
analyzed for the presence of carbohydrates by Anthrone’s method 
[20]. Similarly, the estimation of protein and amino acid was carried 
out by using Bradford’s method [21] and Ninhydrin [22]. Glucose, 
bovine serum albumin, and glycine were used as standards for 
carbohydrates, proteins, and amino acids, respectively.

2.10. Statistical Analysis
All the results recorded from the experiments conducted were 
statistically analyzed using Analysis of variance (Microsoft Excel 
2010) and the means were compared using Duncan’s Multiple 
Range Test [UNISTAT & XLSTAT (2018)].

3. RESULTS AND DISCUSSION
BSC obtained after 90 days of the composting process had a 
blackish brown color with soil-like texture and without any odor. 
The yield of the compost was found to be half of the original raw 
material. In a similar study conducted by Kaur et al. [11], there 
was a change in the final texture and color (yellow to dark brown) 
in the compost prepared by using rice straw. The density of the rice 
straw was also found to be reduced at the end of the composting 
process [11]. The nutrient analysis revealed the presence of 0.77% 
nitrogen, 0.52% phosphate, and 0.98% potassium along with other 
essential minerals. The results were similar to a study conducted 
by Haposh et al. [23] in organic composts made from rice straw, 

cassava peel, and banana skin. The carbon–nitrogen ratio in the 
compost was found as 46:1 and the pH was recorded as 9.23 at 
the end of 90 days. The stability and maturity of the compost 
were determined based on these physicochemical parameters and 
nutrient content [24]. Since the C:N ratio was too high, the process 
of decomposition was running slow and hence the nitrogen content 
was completely utilized and was not lost in the form of ammonia. 
The process of decomposition was low as the banana spathe had 
higher lignin and cellulose content. pH was reduced to 8.1 once 
the rice cultivar CO-51 was grown on the compost.

The phytochemical analysis of the aqueous, ethanolic, and 
methanolic extracts of Musa spathe of all the five different 
varieties and BSC showed the presence of carbohydrates, proteins, 
amino acids, phenolic compounds, tannins, phytosterols, saponins, 
terpenoids, fixed oils, and betacyanin, whereas the glycosides and 
alkaloids were absent as revealed by standard tests (Table 1). 
The phytochemicals act as a natural defense system for the host 
plants and they are responsible for the protection of such plants 
from environmental stress, microbial attack, insects, and other 
external aggression [25]. In the present study, the identification of 
phytochemicals like phenols, tannins, and terpenoids reveals the 
probable potentiality of spathe extracts and compost in combating 
naturally occurring harmful microorganisms in the soil, thereby 
promoting the growth of the plants [26]. The presence of phenol 
was found in all the five varieties of banana spathe and it was 
found to be maximum in the Poovan spathe extract (Fig. 1). Such 
a presence of phytochemical was observed in a study with banana 
flower extracts of Musa paradisiaca AAB Nendran variety [27]. 
In a study by Ogbonna et al. (2016), the presence of alkaloids, 
saponins, glycosides, and flavonoids were demonstrated in Musa 
species at three stages of development in fruits [25]. Thus, our 
study reports the presence of phytochemicals in banana spathe 
extracts that could probably account for the prolonged shelf life 
of the compost.

The presence of IAA was detected in all the five varieties of 
banana spathe extracts (Fig. 2) and the concentration of IAA was 
found to be maximum in the Poovan spathe extract compared to 

Table 1: Phytochemical analysis of aqueous, ethanol, methanolic extracts of Musa spathe and BSC.
S. No. Name of the test MV 1 MV 2 MV 3 MV 4 MV 5 BSC

1. Carbohydrate- Molisch’s test + + + + + +

2. Benedict’s test + + + + + +

3. Protein test- Millon’s test + + + + + +

4. Ninhydrin test − − − − − −

5. Glycosides test- Borntrager’s test − − − − − −

6. Alkaloid test- Mayer’s test − − − − − −

7. Phenol test- Ferric chloride test. + + + + + +

8. Flavanoids- Lead acetate + + + + + +

9. Detection of Tannin + + + + + +

10. Detection of phytosterol + + + + + +

11. Saponin + + + + + +

12. Terpenoids + + + + + +

13. Fixed oil & fats + + + + + +

14. Test for Betacyanin + + + + + +

(+) indicates presence; (−) indicates absence.
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other varieties of Musa spathe extracts. This could have led to 
the promotion of the root and shoot lengths of the rice cultivar 
CO-51 in pot culture experiment. The role of L-tryptophan in 
plant growth promotion is not uncommon as revealed by a study 
conducted in maize plants [28]. Herein, the fruit and vegetable 
waste compost enriched with nitrogen and L-tryptophan led to the 
maximum growth and yield in them.

In vitro bioassays revealed that the germination of rice seeds of 
cultivar CO-51 was found to be high (100%) in all the aqueous 
extracts of Musa varieties. The radicle and plumule length of the 
rice seedlings was found to be significantly (p < 0.001) increased 
in the presence of Musa spathe extracts of all the five varieties 
when compared to untreated control plants (Fig. 3).

In pot culture experiment biometric analysis revealed that the 
root length (Fig. 4) and shoot length (Fig. 5) of treated rice plants 
showed a significant increase (p < 0.001) in all the five treatments 
(T1, T2, T3, T4, and T5) when compared to BSC, NPK, and 
control (Fig. 14a). Such an increase in root and shoot lengths was 
observed in studies recorded in green gram and black gram plants 
treated with wheat bran and rice husk compost, respectively, for 
growth promotion [29,30]. Similarly, different organomineral 
fertilizers and compost of neem and cassava peel enhanced the 

growth and yield of two varieties of cabbage (Brassica oleracea 
L.), namely Copenhagen market and F1 milor [31]. 

The fresh weight and dry weight (Figs. 6–9) of the treated rice 
plants showed a significant increase (p < 0.001) when compared to 
BSC, NPK, and control plants. The results obtained were similar 
to a study made by Ipinmoroti and Akanbi in compost-treated 
cashew seedlings (organic nutrient sources) [32]. Lee et al. [33] 
also reported that there was a significant increase in fresh weight 
of cabbage on application of farmyard manure (FYM).

Figure l: Concentration of total phenol in Musa spatte extracts. Figure 3: Growth of rice seedlings CO-51 in aqueous extract of Musa spathe.

Figure 2: Concentration of IAA in Musa spathe extracts.

Figure 4: Root length of rice cultivar CO-51 treated with BSC and Musa 
spathe extracts—pot culture eaperiment.

Figure 5: Shoot length of rice cultivar CO-51 treated with BSC and Musa 
spathe extracts—pot culture experiment.
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Number of tillers, length and width of flag leaf, and panicle were 
studied at the end of 90 DAS in which the maximum number of 
tillers (Figs. 10–12) was recorded in rice plants treated with MV3 
and MV5 banana spathe extracts. In addition, the number of tillers 
correlated with the yield produced per plant (Fig. 13). A significant 
increase in yield was observed in Rasthali (MV5)-treated rice 
plants when compared to other treatments including commercially 
available NPK-treated rice plants (Fig. 14b). In a study conducted 
by Valenzuela-García et al. [34], the application of organic manure 
improved the yield and quality of the pepper fruits compared with 
the inorganic fertilizer and added to its market value. Similarly, in 
the present study, the maximum yield was obtained with the MV5-

treated rice plants when compared with the NPK fertilization. 
Different kinds of organic wastes have been used as a potential 
source of organic fertilizers in improving the soil fertility and crop 
productivity. In a study conducted by Adeoye et al. [35], different 
wastes like cocoa waste, plantain waste, market waste, and water 
hyacinth were used as a source of organic fertilizer along with 
NPK fertilizers that were applied to Amaranthus cruentus. The 
results indicated that the water hyacinth and cocoa waste promoted 
maximum crop growth and yield when compared with conventional 
NPK fertilizer similar to the present study.

Further biochemical analysis of the control and treated rice 
plants revealed that chlorophyll-a, chlorophyll-b and the total 

Figure 6: Fresh weight of root in rice cultivar CO-51 treated with BSC and 
Musa spathe extracts—pot culture experiment.

Figure 9: Dry weight of shoot in rice cultivar CO-51 treated with BSC and 
Musa spathe extracts—pot culture experiment.

Figure 7: Dry weight of root in rice cultivar CO-51 treated with BSC and 
Musa spathe extracts—pot culture experiment.

Figure 10: Length of panicle and flag leaf of treated rice plant of cultivar CO-
51 with BSC and Musa spathe extracts.

Figure 8: Fresh weight of shoot in rice cultivar CO-51 treated with BSC and 
Musa spathe extracts—pot culture experiment.

Figure 11: Width of flag leaf of treated rice plant of cultivar CO-5l with BSC 
and Musa spathe extracts.
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chlorophyll was maximum in the leaves of rice plants treated with 
MV4 (Elaki spathe extract; Fig. 15). An increase in the chlorophyll 
content is suggestive of the fact that the BSC aids in increased 
photosynthesis, thereby promoting the overall growth of the rice 
plants. Such an increase in chlorophyll content has been reported 
in sorghum plants treated with poultry manure [36]. However, the 
carotenoid content was found to be maximum in NPK-treated rice 
plants (Fig. 16).

There was a significant increase in the glucose, protein, and 
amino acid content in treated rice plants of cultivar CO-51 when 
compared to the control plants (Fig. 17). The concentration 
of glucose, protein, and amino acid content was found to be 

maximum in MV3 (plantain spathe extract)-treated rice plants. An 
increase in biomolecules, such as the above, has been observed 
in experiments conducted in sunflower plants treated with rice 
husk compost. The treated plants showed an increased level of 
total carbohydrate and protein content when compared with the 
control [37]. Similar results were also observed by Deshpande and 
Devasenapathy [38] in rice plants treated with green manure along 
with FYM and poultry manure.

4. CONCLUSION
The current research work is focused on the utilization of banana 
spathe, a usually neglected agrowaste, as raw material for the 

Figure 12: Number of tillers of treated rice plant of cultivar CO-51 with BSC 
and Musa spathe extracts.

Figure 15: Estimation of chlorophyll a, b and total chlorophyll in rice cultivar 
CO-51 treated with BSC and Musa spathe extracts.

Figure 13: Yield of treated rice plant of cultivar CO-51 with BSC and Musa 
spathe extracts.

Figure 16: Estimation of carotenoid in rice cultivar CO-51 treated with BSC 
and Musa spathe extracts.

Figure 14: (a) Treated rice plants of cultivar CO-51 showing increased root 
and shoot lengths against control (120 DAS). (b) Treated rice plants of cultivar 

CO-51 showing yield variation after 120 DAS.
Figure 17: Estimation of carbohydrates, aminoacids and protein rice cultivar 

CO-51 treated with BSC and Musa spathe extracts.
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preparation of organic compost. The efficiency of the compost was 
assessed with the rice cultivar CO-51, a variety grown popularly in 
Tamil Nadu, India. The results indicate that the utilization of banana 
spathe in a proper way can promote soil fertility and minimize the 
use of synthetic fertilizer. Pot culture experiment with rice plants 
showed the potential of BSC, as well as the extracts, in promoting 
the growth in terms of yield and biochemical parameters. It is an 
ecofriendly approach to provide a better solution for reducing 
landfills and to recycle nutrients in the soil.
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