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ABSTRACT 
 

Synthetic/chemical fertilizers has been rapidly increased due to extensive agricultural activities to 
meet the demand for food to sustain an ever-expanding global population which has become a 
pressing concern. There is a need for development of sustainable agricultural practices which 
promote the use of natural fertilizers to improve soil health and support high value crops for 
cultivation. Bat guano, an organic fertilizer composed of bat excrement, has gained attention as a 
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promising substitute for synthetic fertilizers, offering numerous benefits to plants and soil health as 
it’s highly rich in nutrient contents. Fenugreek (Trigonella foenum-graecum), a versatile annual 
herb, with multifarious uses can be used for exploring natural fertilizers for enhancing quality and 
crop productivity. Hence present study was under taken to examine the impact of bat guano 
application on the growth and productivity of fenugreek. Amongst all the treatments, the highest 
germination was recorded in 50% guano with soil amendments treatment resulting in 99% 
germination rate followed by 100% guano (96.3%). Least germination rate was observed in control 
with only 85.3%. Also, 50% was best treatment with maximum plant height of about 16.3 cm within 
4 weeks period compared to vermicompost (15.9cm) and control (11.3cm). Similarly, leaves 
number per plant was also maximum in 50% guano (10.33 leaves/plant) followed by vermicompost 
(10 leaves/plant). NPK content of plant and soil were also analysed using standard techniques 
which provides valuable insights into the existing soil composition, enabling informed decisions on 
how to use bat guano effectively to correct nutrient deficiencies and support optimal crop growth. 
Further studies are recommended to assess the benefits from the use of Bat Guano as a plant 
fertilizer in sustainable agriculture. 
 

 

Keywords: Fenugreek; fertilizers; bat guano; sustainable agriculture; soil fertility. 
 

1. INTRODUCTION  
 
“Agriculture is the backbone of Indian economy 
and Indian agriculture used to depend on organic 
techniques for farming in ancient times, where 
the fertilizers, pesticides were obtained from 
plant and animal products such as bovine dung, 
sheep manure, poultry waste, composted 
agricultural wastes, bat guano, vermicompost 
etc. Around 70% population earns its livelihood 
from agriculture. Two most important challenges 
regarding global security are the continuously 
increasing human population which is expected 
to reach 9.7 billion in 2050 and 10.4 billion in 
2100 and the impact of climate change on food, 
fibre, and other ecosystem products” (Dimande 
et al., 2023, Kerr et al., 2022).  
 
“To ensure sustainability in food production for 
growing population and to enable adaptation to a 
changing climate, more lands were brought 
under cultivation, organic manure replaced by 
chemical fertilizers and locally made pesticides 
were replaced by chemical pesticides and the 
crop production increased. As time passed, 
extensive application of chemical fertilizers has 
led to the depletion of soil organic matter, 
adversely affecting soil health. Indiscriminate use 
of inorganic fertilizers has inflicted severe 
damage on both soil and the surrounding 
environment. In order to overcome the health 
menace created by chemical fertilizers and 
pesticides, organic farming is popularizing 
among farmers in modern India” (Mehdi et al., 
2012; Michael et al., 2102; Naseer et al., 2003; 
Reddy et al., 1998, Shetty et al, 2013). 
Application of vermicompost to improve soil 
fertility has become very popular but little is 

known about the application of bat guano as 
organic manure (Sridhar et al, 2006). 
 
“Bat guano is a multi-functional fertilizer that 
known to contain all the macro and 
micronutrients that plants require in a natural 
form and hence ably serve as soil conditioner, 
enriching the soil with NPK and trace minerals, 
improving soil texture. It also has fungicidal effect 
when applied to leaves, and a compost activator 
that speeds up the decomposition process of 
compost and can also control harmful nematodes 
in the soil. Moreover, the microbes in Guano 
fertilizer have been reported to aid with cleansing 
toxicities from the soil, improving the natural 
balance without increasing alkaline or acid levels, 
while providing the soil’s biological system with 
fast and slow release nutrients. It also claimed 
that Guano positively enhances the taste of the 
produce by making the overall flavor sweeter, 
richer, and less watery” (Abubaker et al., 2020). 
“In ancient times it was used in agricultural 
practice as manure but with advent of 
synthetic/chemical fertilizers, its usage became 
less popular. Western countries such as 
Jamaica, Indonesia, Mexico promote and sale 
bat guano as manure. Inspire of so many 
valuable properties, use of this rich manure has 
not gained any popularity among the farming 
community in India” (Shetty et al, 2013).  
 
“Fenugreek (Trigonella foenum-graecum L.) is 
versatile annual crop belonging to the family 
Legume and is native to India, especially found in 
Kashmir, Punjab and Upper Gangetic planes. It 
is the oldest medicinal plant and commercially 
important spice crop due to its multifarious uses 
and is extensively grown in every part of the 
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country for seeds, tender shoots and fresh 
leaves.  Its production is concentrated mainly in 
the states of Rajasthan, MP, Gujarat, Haryana, 
West Bengal and Uttaranchal. A total of 1, 
88,480ton of fenugreek seed was produced 
during the year 2019-2020 and 27,660 metric 
tonnes of fenugreek seed of worth Rs. 1638.36 
million was exported from India to                           
USA, UAE, South Africa, Korea, UK, Nepal, 
Bangladesh, Saudi Arabia, Egypt, Sri Lanka, 
Germany and Sudan” (Kakani et al., 2009). 
Limited research work has been carried out on 
the Fenugreek in general, using Bat                   
Guano in particular both at International and 
National level.  
 

Hence the present study was under taken to find 
out the effects of Bat Guano on growth of 
Fenugreek, and also to find out the possibly of its 
application as economically sound, socially 
acceptable and environmentally friend organic 
fertilizer to boost crop productivity while 
minimizing adverse ecological effects and 
exponential raising prices of the chemical 
fertilizers. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Site and Collection  
 

This study was under taken at the Institute of 
Wood Science and Technology (IWST), situated 
at 13.0113° N, 77.5704° E within               
Bengaluru, India (Fig. 1) during the year 2024. 

The organic amendment named guano in this 
study is bat excrement, locally available                    
from natural deposits in the 10 acres                   
forest land maintained at IWST campus. Trowel 
was used to gently collect the bat guano                
which have accumulated over years of 
untouched forest land where predominant 
species is insectivorous bats. Vermicompost was 
procured from the SVA Biotek, Hebbal, 
Bengaluru.  
 

2.2 Effect of Bat Guano Concentrations 
on Fenugreek Seed Germination and 
Growth  

 
To assess the impact of bat guano on fenugreek 
seed germination and seedling growth, seeds 
were pre-soaked overnight in water and sowed in 
different treatments for germination. Potting 
mixture consists of autoclaved red soil and river 
sand (1:1) was mixed with guano in different 
ratios in polybags. The treatments included: T1- 
autoclaved soil + 10% bat guano; T2- autoclaved 
soil + 20% bat guano; T3- autoclaved soil + 50% 
bat guano; T4- autoclaved soil+ 100% bat guano; 
T5- vermicompost; T6- autoclaved soil (control) 
respectively. All the treatments were taken in 
triplicates. The polybags were watered (sterile 
water) twice a day until harvest (4 weeks). 
Germination percentage was recorded at the end 
of four weeks period. On uprooting the seedlings 
shoot length and number of leaves were 
determined.  

 

 
 
Fig. 1. Amendment (Bat Guano) collection site in forest area of Institute of Wood Science and 

Technology, Bangalore 
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2.3 Soil Sampling and Analysis 
 

At the end of pot experiment the soil was 
sampled for determination of general soil 
properties, and to obtain a biological index of soil 
nutrient availability. After harvesting the 
fenugreek crop, the soil samples were taken per 
treatment from the 0-0.20m layer. The soil was 
air dried and sieved (2mm mesh). Sieved soil 
was used for analysis as per standard soil testing 
techniques along with some specialized analyses 
tailored to assess specific parameters relevant to 
fenugreek growth and the effects of organic 
amendments such as pH (soil/solution, 1:2.5), 
Organic carbon (Wet oxidation method, Walkley 
and Black, 1934), Nitrogen-N (Alkaline potassium 
permanganate distillation method, Subbiah and 
Asija, 1956), Phosphorous-P (Olsen’s extractant 
method, Jackson, 1973) and Potassium-K 
(Ammonium acetate extractable method, 
Jackson, 1973). 
 

2.4 Plant Sampling and Analysis 
 

The plant samples (whole) were collected from 
each treatment and washed with water. Oven-
dried at 65°C until a constant weight was 
obtained, ground (1mm mesh) and                     
analyzed for elemental composition. Elemental 
tissue analysis were performed by Kjeldahl 
digestion and distillation (N), Diacid                  
digestion and colorimetry (P) and Flame 
photometry (K).  
 

2.5 Experimental Design, Data Collection 
and Analysis 

 

The experiments were performed in completely 
randomized design with six treatments. Each 
treatment consists of 3 replicates and each 
replicate has 50 seeds for germination studies. 
Observations were recorded every week for 
germination studies. To compare plant growth 
and productivity among the treatments and the 
control, plant height (cm) and total number of 
leaves were measured at the end of the 
experiment (4 weeks after transplanting). The 
experiment was repeated twice and the data was 
pooled together and variance (one way or single 
factor analysis) in treatment means and standard 
errors were determined, followed by the least 
significant difference (LSD) test at P 0.05 to 
compare means. 
 

3. RESULTS AND DISCUSSION  
 
The obtained results casted light on studied plant 
Trigonella foenum-graecum (Indian Fenugreek) 

and how they were influenced by the application 
of different concentrations of bat guano. The 
results are presented in the following tables and 
figures followed by discussion in the respective 
headings. 
 

3.1 Physical Characteristics of Bat Guano 
 
The bat guano sample appears in the form of 
small blackish sticks. The bat guano granules are 
elongated, usually segmented with tiny 
perforations on the surface, blunt ends and made 
up of shiny fragments, whereas dry bat guano is 
very brittle and light. When damp, it has a strong 
pungent odour. 
 

3.2 Effect of Bat Guano Concentrations 
on Fenugreek Seed Germination and 
Plant Growth  

 
It was observed that the germination in Trigonella 
foenum-graecum started from 2nd day. The 
highest germination was recorded in 50% guano 
with soil amendments treatment resulting in 99% 
germination rate followed by 100% guano 
(96.3%). Least germination rate was observed in 
control with only 85.3% (Table 1) (Fig. 3A). The 
results of T. foenum-graecum plant growth 
showed that plant height was significantly 
increased due to application of different 
concentrations of guano and vermicompost, but it 
did not show any significant difference in the 
plant leaf number because of application of either 
Guano or vermicompost. It was observed that 
Bat guano applications enhance overall plant 
growth even though the NPK content was low. 
 
Amongst all the treatments, 50% was best 
treatment with maximum plant height of about 
16.3 cm within 4 weeks period compared to 
vermicompost (15.9cm) and control (11.3cm). 
The plant height was almost similar in 100% 
guano and control. Similarly, leaves number per 
plant was also maximum in 50% guano (10.33 
leaves/plant) followed by vermicompost (10 
leaves/plant) (Fig 2). Shetty et al., (2013) 
reported that lower quantities of soil: guano ratio 
(20:0.5) is better for crop production. It is also 
evident from the obtained results that, the bat 
guano in lower quantities increased the biomass 
significantly. Likewise amending the guano with 
farmyard manure in appropriate ratios may help 
overcome the nutrient deficiencies to improve 
crop production (Sridhar et. al., 2006). Levina 
and Levinsh, (2015) reported that the addition of 
bat guano to vermicompost fertilizer enhanced its 
positive effect on plant growth, although high 
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guano concentrations increased the proportion of 
potentially plant pathogenic fungi. Jumao-As et 
al., (2022) identified a diverse bacterial 
community in bat guano, including plant-growth 
promoters and bio degraders of hazardous 
environmental contaminants, but also pathogenic 
species. Seena, (2006) demonstrated that the 
incorporation of low amounts of bat                    
guano into soil significantly enhanced crop 
production.  
 

3.3 Fresh and Dry Weight (g/plant) of 
Trigonella foenum-graecum-graecum  

 
Among all treatments 100% guano recorded 
maximum fresh weight 21.24g/ plant followed by 
50% guano (18.51g/plant) and 100% guano 
recorded maximum dry weight was 3.21g/ plant 
followed by 50% guano (2.80g/plant).                
Similarly, Singh et al., (2023) reported                
that 100% RDF(Recommended Dose of 
Fertilizer)+FYM (Farm Yard Manure) gave 
maximum fresh weight (83.43g/plant) in Indian 
mustard.   
 

3.4 Plant and Soil Sample Analysis  
 
No significant interaction was found between 
macro elements and soil amendment treatments 
on the plant. It was found that soil amendment 
with bat guano experienced the greatest growth 
in T. foenum-graecum despite its lower N-P-K 
content (1.81-0.77-0.44%) compared to the 
vermicompost (2.03-0.49-0.52%) and control 
(1.87-0.48-0.46%) (Table 4). It was also 
observed that the guano analysed in this study 
showed higher phosphorus levels in soils 
(34.42%) than nitrogen and potassium (Table 5). 
Palita et. al. (2021) also observed that the 
addition of bat guano to soil improved the growth 
parameters and photosynthetic response in 
finger millet and black gram seedlings. Similar 

findings were recorded (Sothearen et al., 2014) 
in five economically important plants. The soil 
sample analysis also revealed that NPK and soil 
properties such as pH, and Electrical 
Conductivity (EC) did not show any significant 
relation with the soil amendment treatments 
(Table 6). Thus, it was noteworthy that, addition 
of guano to the soil has no negative effect             
on pH of the soil and is almost alkaline in nature 
which favours the maximum plant growth.    
Ernest et. al. (2021) has reported that guano 
contains high levels of NPK (nitrogen, 
phosphorus, potassium), which enhances soil 
quality and supplies essential nutrients for plant 
growth. 
 
Nitrogen rich manure enhances crop growth and 
phosphorus rich manure induces root 
development, shoot budding, branching and 
flowering. Hence, bat guano can be mixed at 
various proportions with other high nitrogen 
organic manures for wholesome plant growth 
and soil fertility. Trials in India have suggested 
that, only small amounts of bat guano are 
required to enhance the efficiency of plant growth 
(Sridhar et al., 2006; Shetty et al., 2013). 
Reichard (2010) demonstrated that, moderate 
applications of guano in a controlled             
greenhouse experiment promoted growth in a 
grass species native to Texas (Indian grass, 
Sorghastrum nutans), but reduced root/stem ratio 
and had a neutral effect on two other native 
species: little bluestem, Schizachyrium 
scoparium, and prairie coneflowers, Ratibida 
columnifera, respectively. He further               
speculated that guano deposition may have 
species specific effects on plant communities 
(Reichard, 2010; Kunz et al., 2011). Bafadhal et 
al., (2023) found that bat guano increased the 
production of the Indole Acetic Acid hormone, 
improved soil properties, and increased bacterial 
diversity. 

 
Table 1. Effect of different concentrations of bat guano on germination and plant growth 

 

Sl.N Treatments 
Germination 
percentage 

Plant height (cm) (Mean ± SE) 

1st week 2nd week 3rd week 4th week 

1 10% 85.7 3.2 ± 0.12 6.1 ± 0.12 9.3 ± 0.18 14.2 ± 0.27 

2 20% 88 3.1 ± 0.06 6.1 ± 0.06 9.1 ± 0.07 13.9 ± 0.23 

3 50% 99 3.4 ± 0.03 6.7 ± 0.12 10.1± 0.07 16.3 ± 0.09 

4 100% 96.3 2.1 ± 0.07 4.4 ± 0.03 7.9 ± 0.15 11.7 ± 0.15 

5 Vermicompost 95.3 3.4 ± 0.09 6.7 ± 0.15 9.9 ± 0.12 15.9 ± 0.09 

6 Control 85.3 2.3 ± 0.15 4.9 ± 0.06 8.0 ± 0.09 11.3 ± 0.15 

LSD (α at 5% ) - 0.23 0.25 0.29 0.44 
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Table 2. Effect of different concentrations of bat guano on number of leaves per plant 
 

Sl.N Treatments 
Number of leaves per plant (Mean ± SE) 

1st week 2nd week 3rd week 4th week 

1 10% 2.33 ± 0.33 3.33 ± 0.33 9.0 ± 0 9.67 ± 0.33 

2 20% 2.67 ± 0.33 3.67 ± 0.33 8.33 ± 0.33 9.0 ± 0.58 

3 50% 2.67 ± 0.33 4.0 ± 0 9.33 ± 0.33 10.33 ± 0.33 

4 100% 2.0 ± 0 3.33 ± 0.33 6.33 ± 0.33 7.0 ± 0.58 

5 Vermicompost 2.33 ± 0.33 3.33 ± 0.33 9.0 ± 0 10.0 ± 0 

6 Control 2.0 ± 0 3.33 ± 0.33 5.67 ± 0.33 7.67 ± 0.33 

LSD (α at 5% ) 0.69 0.76 0.68 1.02 

 
Table 3. Effect of different concentrations of bat guano on fresh and dry weight of plant after 

germination 
 

Sl. No Treatments 
(Mean ± SE) 

Fresh weight (g/plant) Dry weight (g/plant) 

1 10% 13.62 ± 1.61 2.52 ± 0.13 

2 20% 13.48 ± 1.20 2.51 ± 0.08 

3 50% 18.51 ± 1.41 2.80 ± 0.05 

4 100% 21.24 ± 2.38 3.21 ± 0.17 

5 Vermicompost 18.16 ± 2.21 2.81 ± 0.13 

6 Control 19.73 ± 1.09 2.96 ± 0.11 

LSD (α at 5%) 4.17 0.29 

 
Table 4. Effect of different concentrations of bat guano on macro elements of plant after 

germination 
 

Sl.N Treatments 
Macro elements of plant (Mean ± SE) 

N P K 

1 10% 1.87 ± 0.10 0.48 ± 0.17 0.39 ± 0.04 

2 20% 1.89 ± 0.17 0.44 ± 0.17 0.40 ± 0.02 

3 50% 1.98 ± 0.15 0.56 ± 0.15 0.41 ± 0.06 

4 100% 1.81 ± 0.11 0.77 ± 0.11 0.44 ± 0.03 

5 Vermicompost 2.03 ± 0.09 0.49 ± 0.05 0.52 ± 0.04 

6 Control 1.87 ± 0.09 0.48 ± 0.17 0.46 ± 0.04 

LSD (α at 5% ) 0.296 0.356 0.099 

 
Table 5. Effect of different concentrations of bat guano on macro elements of soil 

 

Sl.N Treatments 
Macro elements of soil (Mean ± SE) 

N P K 

1 10% 233.75 ± 6.79 27.1 ± 2.23 250.88 ± 42.74 

2 20% 263.11 ± 9.42 26.22 ± 2.43 226.24 ± 33.45 

3 50% 234.2 ± 11.67 32.22 ± 5.99 206.62 ± 5.94 

4 100% 253.81 ± 17.62 34.42 ± 5.89 201.56 ± 18.49 

5 Vermicompost 262.59 ± 10.24 31.24 ± 1.72 236.54 ± 6.53 

6 Control 163.11 ± 18.83 22.19 ± 2.24 265.26 ± 32.17 

LSD (α at 5%) 33.20 9.73 68.25 
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Table 6. Effect of different concentrations of bat guano on soil properties of potting medium 
 

Sl.N Treatments 
Soil properties (Mean ± SE) 

pH EC OC 

1 10% 6.95 ± 0.22 0.58 ± 0.135 0.12 ± 0.006 
2 20% 6.91 ± 0.18 0.35 ± 0.069 0.15 ± 0.009 
3 50% 6.89 ± 0.10 0.46 ± 0.07 0.33 ± 0.064 
4 100% 6.87 ± 0.18 0.54 ± 0.14 0.44 ± 0.018 
5 Vermicompost 6.63 ± 0.03 0.22 ± 0.06 0.62 ± 0.062 
6 Control 6.62 ± 0.11 0.15 ± 0.04 0.15 ± 0.015 

LSD (α at 5% ) 0.38 0.23 0.10 
 

 
 

Fig. 2. Effect of different concentrations of bat guano on plant height and leaf number after 4 
weeks period 

 

 
 

Fig. 3. A. Germinated T. foenum seedlings after 4 weeks period; B. Growth of T. foenum in 
different concentrations of bat guano after 4 weeks period; C. Soil sample analysis; D. T. 

foenum plant samples before NPK analysis 
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4. CONCLUSION 
 
The findings of the study showed the presence of 
a wide range of elements in the guano of bats. 
Especially 5: 800 (5gm Gauno: 800 gm Soil) 
concentration showed good growth of fenugreek 
plant including the length and number of leaves. 
Nitrogen, potassium (K), and magnesium (Mg) in 
guano are adequate for crop production across 
various bat feeding habits. An analysis of bat 
guano revealed that it has higher nitrogen 
content compared to phosphorus. Additionally, in 
farming, Guano based fertilizers can improve 
availability of nutrients in the soil, increases 
growth and yield of vegetable crops. Further, 
studies are essential to investigate the 
occurrence of plant-promoting microbes in the 
bat guano and their applications. Also, more in-
depth assessments are necessary to tackle the 
associated health risk to the farmers for proper 
utilization of this organic fertilizer over chemical 
fertilizers. However, limitation is there as the use 
of bat guano as an organic fertilizer poses 
hazardous health risks to farmers, including a 
high risk of infection and the potential 
development of severe histoplasmosis (Ernest et. 
al. 2021). Soil needs to be checked for pH and 
other nutrients prior to bat guano application. 

 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript.  
 

ACKNOWLEDGEMENT 
 
We would like to thank the Director and Group 
Coordinator Research of Institute of Wood 
Science and Technology for providing facilities to 
carryout research work.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

Adam, A. H. M., Adam, A., & Magid, F. M. A. 
(2020). Efficacy of bat guano on growth 
and yield of some hybrid sunflower 
(Helianthus annus L.) cultivars in Sudan. 
Journal of Agronomy and Research, 3(2), 

28-38. https://doi.org/10.14302/issn.2639-
3166.jar-20-3642 

Bafadhal, F., Fauzi, A., Nurani, D., & 
Monconegoro, D. A. (2023). The influence 
of bat guano on peat soil properties in the 
oil palm plantations. Journal of Tropical 
Soils, 28(3), 117-125. 
https://doi.org/10.5400/jts.2023.v28i3.117-
125 

Bezner Kerr, R., Hasegawa, T., Lasco, R., Bhatt, 
I., Deryng, D., Farrell, A., Gurney-Smith, 
H., Ju, H., Lluch-Cota, S., Meza, F., et al. 
(2022). Food, fiber and other ecosystem 
products. In Climate change 2022: 
Impacts, adaptation, and vulnerability (pp. 
713-906). Contribution of working group II 
to the sixth assessment report of the 
intergovernmental panel on climate 
change. Cambridge University Press. 

Dimande, P., Arrobas, M., & Rodrigues, M. Â. 
(2023). Under a tropical climate and in 
sandy soils, bat guano mineralises very 
quickly, behaving more like a mineral 
fertiliser than a conventional farmyard 
manure. Agronomy, 13(5). 
https://doi.org/10.3390/agronomy13051367 

Ernest, M. M., Andrew, T., & Hatibu, A. A. 
(2021). Challenges facing effective use of 
bat guano as organic fertilizer in crop 
production: A review. International Journal 
of Engineering and Applied Sciences, 8(8), 
8-15. 

Ievina, G. L., & Ievinsh, G. (2015). 
Microbiological characteristics and effect 
on plants of the organic fertilizer from 
vermicompost and bat guano. Agricultural 
Sciences, 1, 95-101. 

Jackson, M. L. (1973). Soil chemical analysis. 
Prentice Hall of India Pvt Ltd. 

Jumao-As, C. M., Aries, J., Tabora, G., Teodora, 
M., & Cabasan, N. (2022). Bacterial 
composition of Scotophilus kuhlii guano 
from plant roost around rice farms in 
South-central Mindanao, Philippines. 
Philippine Journal of Science, 151(2), 643-
654. 
www.ncbi.nlm.nih.gov/pubmed/19914921 

Kakani, R. K., Anwer, M. M., Meena, S. S., & 
Saxena, S. N. (2009). Advanced 
production technology of fenugreek. ICAR-
National Research Centre on Seed Spices, 
1-19. 

Kunz, T. H., Elizabeth, B. T., Dana, B., Tatyana, 
L., & Theodore, H. F. (2011). Ecosystem 
services provided by bats. Annals of the 
New York Academy of Sciences, 1–38. 



 
 
 
 

Simon et al.; J. Agric. Ecol. Res. Int., vol. 25, no. 6, pp. 147-155, 2024; Article no.JAERI.127282 
 
 

 
155 

 

Maximum Yield. (2018, June 25). Bat guano as 
fertilizer. 
https://www.maximumyield.com/bat-guano-
as-fertilizer/2/3972 

Mehdi, R. K., & Jalal, J. (2012). Growth 
characteristics of mung bean (Vigna 
radiata L.) affected by foliar application of 
urea and bioorganic fertilizers. 
International Journal of Agriculture and 
Crop Sciences, 4(10), 637-642. 

Michael, T., Phiwokwakhe, D., Paul, K., 
Wahome, & Tajudeen, O. (2012). Effects 
of chicken manure on growth, yield, and 
quality of lettuce (Lactuca sativa L.) ‘Taina’ 
under a lath house in a semi-arid sub-
tropical environment. American-Eurasian 
Journal of Agricultural & Environmental 
Sciences, 12(3), 399-406. 

Naseer, B. S., Sivakumar, A., & Subramanian, M. 
S. (2003). Effect of manures on biomass 
production and pharmacobiochemical 
properties of some greens. Ancient 
Science of Life, 23(2). 

Palita, S. K., Panigrahi, R., & Panda, D. (2021). 
Potentiality of bat guano as organic 
manure for improvement of growth and 
photosynthetic response in crop plants. 
Proceedings of the National Academy of 
Sciences India Section B, 91, 185-193. 

Reddy, M. V. (1998). The effect of casts of 
Pheretima alexandri (Beddard) on the 
growth of Vinca rosea and Oryza sativa (In 
C. A. Edwards & E. F. Neuhauser (Eds.), 

Earthworms in waste and environmental 
management (pp. 241-248). SPB 
Academic. 

Reichard, J. D. (2010). Seasonal activity and 
energetics of Brazilian free-tailed bats 
(Tadarida brasiliensis) in South Central 
Texas (PhD thesis, Boston University). 
Boston, USA. 

Shetty, S., Sreepada, K. S., & Bhat, R. (2013). 
Effect of bat guano on the growth of Vigna 
radiata L. International Journal of Scientific 
and Research Publications, 3(3), 1-8. 
www.ijsrp.org 

Sothearen, T., Furey, N. M., & Jurgens, J. A. 
(2014). Effect of bat guano on the growth 
of five economically important plant 
species. Journal of Tropical Agriculture, 
52(2), 169-173. 

Sridhar, K. R., Ashwini, K. M., Seena, S., & 
Sreepada, K. S. (2006). Manure qualities 
of guano of insectivorous bat Hipposideros 
speoris. Tropical and Subtropical 
Agroecosystems, 6, 103-110. 

Subbiah, B. V., & Asija, G. L. (1956). A rapid 
procedure for assessment of available 
nitrogen to rice plots. Current Science, 31, 
196-200. 

Walkley, A., & Black, C. A. (1934). An 
examination of degtazreff method for 
determining soil organic matter and a 
proved modification of chronic                        
acid titration method. Soil Science, 37, 29-
38. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_______________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/127282 

https://www.sdiarticle5.com/review-history/127282

