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Bats are the only flying mammals, known for their behavioral, physiological, 

ecological and genetical diversities Microchiropteran bats that form the major 

suborder are known to feed on variety of food that includes insects, spiders, fishes, 

frogs, rhodents and even blood meal (Bates and Hamson, 1997, Whitaker et al, 1999, 

Whitaker et al, 2001, Wijayanti et al, 2012). These bats consume large volumes of 

nutrient nch insects most of which are agricultural pests, and their droppings (guano) 

form the resource base for other diverse forms of consumers in the food cham (Hams, 

1970, Gnaspim and Trajano, 2000) Bats forage significant distances over the 

heterogenous landscapes to feed on insects from resourceful habitats like waterbodies, 

diverse vegetations and they may sprinkle the guano after digestion during the flight 

(Buchler, 1975) Thereby bats contribute m redistribution of the nutrients from 

nutrient nch landscapes to nutnent poor regions like and and uplands (Kunz et al, 

2011) Thus they are unique in terms of their impact on nutnent cycling and 

redistnbution

Coprophagy (ingestion of faecal pellets) has also been reported m vanous 

different aquatic and terrestnal animals thereby emphasizmg the role of faeces m 

nutation (Johannes and Satomi, 1966, Morales, 1987, Fenelio et al, 2006). Bat 

guano is also a energy resource for cave dwelling communities that mclude microbes, 

invertebrates and vertebrates (Femera and Martins, 1998, Femera et al, 2007). Bat 

faeces (guano) ingestion by salamanders has been reported from January-Stansberry 

cave m Colcord by Fenelio et al (2006) Apart from bemg a food resource for other 

invertebrates and vertebrates the bat guano has also been studied for its plant growth 

promoting effects owing to its nch N-P-K contents (Sndhar et al, 2006, Reichard, 

2010)

Thus most of the studies on microchiropteran bat guano is focused pnmanly 

on the fresh guano or very old guano deposits of the cave (Shahack-Gross et al, 2004, 

Fenelio et al, 2006; Emerson and Roark, 2007) Moreover the nutritional analysis or 

the biochemical analysis of bat guano is done on one time basis that is there are no 

published data on the seasonal vanations m the nutational properties of 

microchiropteran guano There are reports on the proximate composition of the bat 

body tissues, blood, faeces (Studier et al, 1991, Studier et al, 1994a, Herrera et al, 

2001, Emerson and Roark, 2007) Fresh or a week old guano has to be nutritionally
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rich when compared to aged guano but no information is available about any 

nutritional variations in the guano collected at an interval of 30-31 days which is a 

mixture of fresh, decomposing and decomposed guano Although there are reports on 

the biochemical, physicochemical properties of the bat guano from various 

geographical locations, so far no published data is available on the seasonal variations 

in the nutritional composition of guano from the present study area or else where 

Hence keeping m mind the above lacunae the present study was undertaken with the 

following objectives

• To analyse the nutritional composition in guano of Megaderma lyra and 

Rhinolophus rouxii

• To study the influence of Megaderma lyra guano from Yennehole 

population on the growth of Vigtia radiata L. and Oryzae sativum.
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2.2.1. Nutritional composition of faeces and tissues.

Nutrients are the substances required for the synthesis of the cellular 

components and for the production of the energy Carbon, mtrogen, phosphorus, 

potassium, magnesium and calcium are the macronutnents and cobalt, nickel, zinc, 

copper and molybdenum are micronutnents Animals feed on the diet contaimng these 

macro and micro nutrients for anabolic pathways and also to meet their energy 

demands (Prescott et al, 2005) Among all the mammals, bats are the only flying 

mammals known to feed on variety of foods that include fruits, insects, vertebrates 

and blood (Advam, 1981a & b, Rydell, 1986, Whitaker, 1988, Verzhutskn and 

Ramanujam, 2004) Microchiropteran bats are exclusively insectivorous, though 

camivory is seen among bats belonging to megadermatidae, nyctendae and 

phyllostomatidae and feed mainly on small bats, rodents, birds, frogs, lizards and 

fishes (Bates and Hamson, 1997) These mammals feedmg on variety of food items 

are consumed as meat (Mickleburgh, 2009) and used to treat ailments ranging from 

baldness to paralysis (Allen, 1962)

Studies pertaining to body composition of tropical and temperate bats in terms 

of calonc value and lipid content has been done (McNab, 1976) and later was 

extended to proximate analysis, calonc, mtrogen and mineral composition of tropical 

bat bodies (Studier et al, 1994a) However, it was known that the advantage of faeces 

as sample matenal is the short turnover time, m the order of only a few days, that 

allows for documenting ecological vanability over short time penods By contrast, 

hair and skeletal matenal aggregate dietary information over a much longer time 

frame that is in months, years, or decades (Tieszen et al, 1989, Cerling and Hams, 

1999)

Faeces contam the information about the animals diet, physiology and ecology 

and hence denving information using faeces becomes even more advantageous m the 

circumstances where the animals cannot be sampled or observed regularly (Kohn and 

Wayne, 1997, Dixon and Coates, 2009) Moreover, faecal mtrogen (N) and 

phosphorous (P) content are considered useful indicators of the nutntive value of 

available forage (Erasmus et al, 1978; Holecheck et al, 1982, Grant et al, 2000)
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Nutritional composition of faecal pellets have been studied earlier to implicate 

its role m energy flow and nutrient cycles in marine ecosystem by Johannes and 

Satomi (1966) They proposed that the faecal pellets of omnivorous shnmp 

Palaemonetes pugio when fed on diatom contained organic carbon (20%), crude 

protein (28%), carbohydrate (13%), lipid (2 5%), phosphorus (1 7%) and ash (26%) 

However when diatoms were not available it fed on its own faeces indicating the 

potential role of faeces as food source m marine animals as well Even Morales 

(1987) analysed the chemical composition of faecal pellets of copepods, 

Psendocalanus spp. and Temora longicomis from Bedford basm, Canada The pellets 

were found to contain carbon (25%) and mtrogen (3%) when copepods were fed upon 

diatoms They also concluded that the concentration of food, ingestion rate and 

acclimation period given to a food concentration did not make any significant 

variation m the chemical composition of the faecal pellets Likewise stable isotopic 

studies have shown that delta 15N (15N/14N) values in mammalian body tissue and 

excreta show a stepwise increase along trophic levels of the food chain and increase 

with protein intake (Schoemnger and DeNiro, 1984, Sponheimer et al, 2003) In 

addition, higher values are associated with and environments and water stress 

(Ambrose and DeNiro, 1986, Ambrose, 1991)

Studier et al (1991) studied the implications of mtrogen and minerals budgets 

m Eptesicus fuscus based on guano analysis collected weekly under the maternity 

roost Results of these studies suggested that the mineral deficiencies m this bat 

species differ with season, reproductive condition, and gender Later they found it 

also vaned with location of the maternity roost sites (Studier et al 1994b) Further, 

Studier et al (1994c) extended their study to determine mineral and mtrogen 

concentrations m faeces of some Neotropical bats that included msectivores, 

carnivores and frugivores Their results suggested that the insectivorous and 

carnivorous bats faeces showed markedly higher levels of nitrogen and marginally 

higher levels of sodium and iron than m ffugivorous faeces They also suggested that 

the intake of nitrogen, potassium and magnesium appeared to be adequate for bats of 

all feeding habits Whereas, there existed penodic deficiencies for calcium in 

insectivorous species and for sodium and iron in some frugivorous species

/
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Herrera et al (2001) studied the delta nitrogen and carbon content of diet fruit 

and insects and blood of two frugivorous {Artibezu jamaicensy, Sturmra hlmm) and 

one insectivorous bat (Pteronotus parnellu) using stable isotope model The annual 

average isotopic nitrogen in fruits was found to be 1 22 ± 2 57%, insects (4 67 ± 

3 68%), frugivorous bat blood 4 38 + 0 70% {Artibezu jamaicensy) and 4 74 + 1 10% 

{Sturmra lihum) and insectivorous bat 5 7 + 1 22% {Pteronotus parnellu ) whereas 

average isotopic carbon content was found to be 29 49 + 1 70%, -26 89 + 3 86%, - 

26 06 + 0 32%, -26 67 + 0 81%, -22 41 + 1 3% respectively. Average annual isotopic 

C and N values m blood of frugivorous and insectivorous bats were more enriched 

than the values of fruits and insects Similarly, an enrichment m isotopic N and C was 

found m annual average delta values of S. hhum and A jamairensis compared to P 

parnellu

Codron et al (2005) determined the nitrogen content of faeces from various 

mammals from two reserves in Waterberg. The faecal nitrogen content in primates 

{Papio ursinus) was found to be 2 6%, rodentia {Hystrix africaeaustralis) 1 95%, 

carnivora {Hyaena brunnea) was 0 9% and mixed feeding African elephant 

{Loxodonta africana) was 1% Kamler and Homolka (2005) studied the relationship 

between dietary nitrogen and faecal mtrogen in Roe and Red deer species from forest 

habitats of Czechs Republic during four seasons In both the Red and Roe deer the 

diet contained more dietary mtrogen and dietary metabolizable energy dunng the 

vegetation season (spring to autumn) than in winter Likewise the content of faecal 

mtrogen corresponded to the changes in diet quality and was positively correlated 

with dietary nitrogen and dietary metabolizable energy Based upon their studies they 

proposed that faecal mtrogen content can be used to evaluate the dietary quality m 

herbivores provided the diet composition is known

Emerson and Roark (2007) in their study on comparison of guano composition 

of bats using different dietary strategies that is sanguivorous (blood feedmg), 

insectivorous (insect eating) and frugivorous (fruit eating) revealed significant 

differences in the mtrogen and carbon content among the species but no significant 

differences m dry matter, organic matter, lipid and phosphorus content Carbon 

content did not show significant difference among the three species on dry matter 

basis but differed significantly on organic matter basis Moreover, sanguivorous
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guano showed higher carbon content than the frugivorous guano Nitrogen content 

differed significantly on both dry matter and organic matter basis among all the three 

species with sanguivorous and insectivorous bat guano showing higher nitrogen 

content than frugivorous bat guano All the three species produced guano with 

comparable mineral contents. Zhao et al (2007) also reported that the inclusion of 

Masson pme pollens (Pinus massomana) m the diet of pigs does influence the 

characteristics of their faeces Inclusion of pme pollen m their diet showed the 

significant increase m the daily bulk volume, water content, faecal nitrogen, 

tnacylglycerol and cholesterol m the excreta Thus emphasized on the variation m 

faecal composition that depend upon the dietary habits of the animal

Smce the nitrogen, phosphorus and potassium content of any faecal matter 

generated an interest m its role as a potential organic fertilizers Anon (1998) 

determined the N-P-K content of mammalian faecal matter It was found that Sheep 

and Goat contam 1-0.5-1, Cow 1-0 2-1 and Pig faeces contain 0 5-0 3-0 5 N-P-K 

Later Odua et al (2006) reported faeces of Chicken to contam 2-1-1 (N-P-K) In a 

similar study Abidemi (2011) estimated and compared the nitrogen (N), phosphorus 

(P) and potassium (K) content of faeces of some animals The study reported 

percentage of NPK content of faeces of Wall gecko (17 08±0 07, 0 86±0 03, 

0 55±0 13), Lizard (5 13±0 03, 1 66±0 04, 0 59±0 08), Chicken (2 73±1 00,

0.42±0 08, 1 48±1 10), Sheep (3 69±0 13, 0 53±0 06, 0 41±1 05), Goat (3 91±0 11,

0 50±1 07, 0 76±1 03), Cow (3 52±0 16, 0 45±0 02, 0 58±0.04), Pig (3 48±0 01,

0 60±0 13, 1.48±0 050) and Human beings (4 75±0 04, 1 03±0 16, 1 91±0 14)

Highest mtrogen content was found in Wall gecko faeces followed by Lizard faeces 

and lowest mtrogen m Chicken faeces Accordingly highest phosphorus was reported 

from Lizard faeces and lowest from faeces of chickens Simillarly highest potassium 

was reported from faeces of human beings and lowest from Sheep faeces However, 

all the faecal matter studied were nitrogen rich

Insectivorous bats feed upon nutrition rich insects that undergoes rapid 

digestion and defaecate the partly digested insect parts in the guano that is agam fed 

by the insects, vertebrates and other microorgamsms Likewise bats forage long 

distances over the heterogenous habitats expected to sprinkle the guano over the 

landscapes throughout the night (Buchler, 1975) Thus, transfer of nutrients and
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organic matter in many communities occur due to the redistribution of biomass by 

consumer Bats are diverse orders distributed worldwide and an appreciation of 

composition of bat guano is vital m understanding the flow of nutrients' m the 

communities In the Antarctica, bird guano promotes lichen growth, and this lichen m 

turn supports entire communities of arthropods and microorganisms (Polls et al, 

1997) Similarly bat guano m cave ecosystem supports a great diversity of organisms 

including arthropods, fungi, bacteria, and lichens that represent different trophic 

levels Consumers m this system feed directly on guano or on bacteria and/or 

arthropods that live on guano (Ferreira and Martins, 1998) Energy flow in these 

trophic cascades is therefore based on guano production by roosting bats (Hairston 

and Hairston, 1993) Interestingly, the diversity of organisms living on or in the guano 

piles differs depending on the diet of the bat producmg the guano Guano from 

sanguivorous bat is typically inhabited by fly larvae, nematodes, spnngtails, and 

beetles Guano of insectivorous bats is inhabited by mites, pseudoscorpions, beetles, 

thnps, moths, and flies And guano of frugivorous bats is inhabited by spiders, mites, 

isopods, millipedes, centipedes, spnngtails, barklice, true bugs, and beetles (Ferreira 

and Martins, 1998) Ferreira et al (2007) m their studies on bat community m a dry 

Mornnho cave of Brazil concluded that the bat guano community is decided by the 

microenvironment provided by the guano in terms of its pH, moisture content and 

organic content rather than the overall cave environment. Higher moisture and orgamc 

content supports the richness and abundance of arthropod community that are feedmg 

on guano

Coprophagy (ingestion of faecal matter) is a behavioural trait observed m 

many species of animals including mammals like rat, mice, rabbits (Giovennatti, 

1982, Ebmo et al, 1988) and even arthropods which are either obligatory or 

facultative coprophageous (Kopamc, et al, 2001) Organisms show coprophagy to 

meet their energy demands in absence of availability of their natural food (Bailey and 

Robertson, 1982; Fenelio et al, 2006) or to inoculate the intestine with beneficial 

microbes as seen m larval frogs (Beebee and Wong, 1992). Bailey and Robertson 

(1982) compared the nutritive values of rectal content of four coral reef fishes with 

four different dietary habits Chromis atripectoralis that fed on zooplanktons showed 

highest percentage of protein (17 8%), lipid (33 3%) and calorific value (3 5kcal/g) 

and least percentage of ash (14 5%) and calcium (0 11%) along with carbohydrates
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(3 7%) followed by Chaetodon trifasciatus that fed on coral tissue contained protein 

(11 4%), lipids (6 0%), carbohydrates (5 1%), calorific value (1 1%), ash (43%) and 

calcium (2 81%) Zebrasoma scopas that fed on red algae contained highest 

percentage of carbohydrate (15 2%) along with proteins (9 5%), lipids (3 8%), 

calorific value (1.1%), ash (55 6%) and calcium (3 8%) Whereas Scarus oviceps that 

fed on microalgae and coralline substrate contained highest percentage of ash (72%) 

and calcium (7 45%) and least percentage of protein (7%), lipids (2 6%), 

carbohydrates (3 5%) and so the calorific content (0 6%) Thus implying that the 

nutritional content of the faeces is dependent upon the dietary habits of the organism 

They also found that the nutritional composition of faeces is comparable to the non 

faecal food of the fishes like zooplanktons, algae and coral tissues, making them a 

potent source of nutrition for other reef fishes

Many temperate subterranean ecosystems are energy limited and colomal bat 

guano has been reported to be the dominant energy resource in many cave 

ecosystems, influencing trophic dynamics, community structure and even 

physiological specialization (Hams, 1970, Poulson, 1972, Gnaspini and Trajano, 

2000) The insectivorous bats to meet their energetic demands of flight and 

reproduction have evolved extremely small digestive tracts with a short small 

intestine, absence of caecum and rapid food transit time (Klite, 1965a, Mitzutam et 

al, 1992, Stahnski, 1994, Smith et al, 1998) As a result of which undigested prey 

items are expelled in the guano which is subsequently colonized by the microbial 

biofilm boosting its nutritional value and populated by the arthropods that use it as 

resource base (Ferreira and Martins, 1998, Shahack-Gross et al, 2004). Even 

vertebrates are reported to feed upon these nutritionally rich guano

Fenelio et al (2006) reported the ingestion of bat guano (coprophagy) by cave 

adapted salamanders to meet their energy demands They also compared the 

nutritional properties of guano to a Big Mac Hamburger emphasizing the nutritional 

richness of the guano Guano contained higher contents of protem (54%), ash (15%) 

and minerals like calcium (27552mg/kg), iron (1753mg/kg), magnesium 

(2408mg/kg), manganese (169mg/kg), phosphorus (8951mg/kg), potassium 

(4792mg/kg) and zmc (400mg/kg) when compared to hamburger with protem (23%), 

ash (3%) and minerals like calcium (1223mg/kg), iron (25mg/kg), magnesium
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(216mg/kg), phosphorus (1499mg/kg), potassium (1988mg/kg) and zmc (29mg/kg) 

Manganese was altogether absent m hamburger

In yet an another physicochemical studies of Hipposideros speoris guano and 

humus from a cave m Assaigoli village m Mangalore by Sndhar et al (2006) it was 

revealed that the insectivorous bat guano contained carbon (46%), nitrogen (7 9%), 

phosphate (2 4%), potassium (1 14%), calcium (11%) and magnesium (2 8%) 

Whereas humus contained carbon (26 4%), mtrogen (5 7%), phosphate (2 2%), 

potassium (0,9%), calcium (1 5%) and magnesium (3 1%) Thus there was reduction 

in the carbon and potassium content of the decomposed guano but phosphate did not 

vary much

The nutritional and mineral composition vanes m bats and its faeces from 

different locations and among different species owing to their feeding habits and the 

associated environment (Brown, 1961, Stalmski, 1994, Studier et al, 1994c; Sikazwe 

and Waele, 2004, Emerson and Roark, 2007) The nutntional composition of faeces 

of microchiroptera depends upon the nutntional composition of insects that it feeds on 

and also on the level of assimilation of these nutnents by the bats (Studier et al, 

1994c) Banjo et al (2006) estimated the nutntional value of 14 different msect 

species belonging to 5 different msect orders They found that Coleopteran msects 

belonging to Scaraebidae family contained highest crude protein, lipid, calcium and 

phosphorus Orthoptera of Grylhdae family contamed highest crude protein 

Hymenoptera was found nch m vitamins Earlier studies by Studier et al (1991, 

1994b) also reported msects to be the excellent source of mtrogen and magnesium, 

and marginal sources of potassium, iron, and sodium And Studier and Sevick (1992) 

found that the msects in the south central lower Michigan are adequate sources of 

mtrogen and potassium

It is also known that the insects vary widely in their fat content Isoptera 

(termites) and Lepidoptera (caterpillars) rank among the highest m fat African 

termite, Macrotermes falciger recorded a calorific value of 761 kcal (Phelps et al, 

1975) while an another species Macrotermes subhyalmus recorded 613keal 

(Oliveira et al, 1976) Ashiru (1988) reported a calorific value of 611kcal for the 

caterpillar Anaphe venata Butler (Notodontidae) m Nigeria Analysis of 94 of the
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insect species consumed in Mexico also yielded high fat and calonc values (Ramos- 

Elorduy and Pino, 1990) Studies by Fmke (2002) and Marcom et al (2002) have 

revealed high phosphorus (> lOOOmg/kg) and other minerals and also high lipids 

approximately 35-60% and protein approximately 70% in msects

Protein content of some msects belonging to four different msect orders were 

analysed by Xiaommg et al (2008) They found varying content of protein m 

different insect orders with Ephemeroptera to contain 66-26% protem, Odonata (40- 

65%), Hemiptera (42-73%), and Coleoptera (23-66%) Simillarly a study conducted 

by Shantibala et al (2014) on nutritional composition of aquatic insects found 

Crocothemes survilha (Odonata) to contam highest protem (70%), followed by 

Laccothemes maculates, a Coleoptera (41 6%) Hydrophilus olivaceous (Coleoptera) 

contained highest carbohydrate (2 4%) whereas Cybister tnpunctatus (Odonata) 

contamed highest lipid (21 6%) followed by Lethocerus indicus (Hemiptera) with 

13 6% lipid C tnpunctatus contained highest percentage of potassium and ash A 

similar study by Adeduntan (2005) showed significant variation m the proximate 

analysis of eight insect herbivores

Insectivorous microbats are also known to feed upon the small vertebrates like 

fishes, frogs, small birds which again decide the nutritional property of such bat 

guano. Silva and Chamul (2000) m their review on composition of marine and fresh 

water fishes have reported fishes being high in their nutntive value Their nutritive 

value differs with their age, sex, location, environmental factors, depth and latitude. 

They are rich source of proteins, lipids, phosphorus, potassium, calcium and 

magnesium Fishes at depth have higher moisture and lower fat contents As the fishes 

grow older and larger moisture is replaced by fats Likewise animal membranes are 

also a rich source of lipids and protems (Cooper, 2000) A very limited data is 

available on the nutnent composition of frogs However, Tokur et al (2008) have 

found Rana esculanta to contam very high protem (69%), fat (17%) and ash (13 2%) 

content Whereas a study on nutritional composition of Rana nmbunda legs was 

found to contain protein (16-20%), fat (0 5-0 9%), moisture (79-82%), ash (0 8-1%) 

and was nch in magnesium and phosphorus as well (Cagiltay et al, 2011)

a
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Mlay and Sagamiko (2008) m their study on nutntive use of bat guano from 

Kisarawe caves m Tanzania reported that bat guano can be used to improve the poor 

quality roughages like standing hay and crop residues such as maize, stover, nee, 

sorghum, barley straws and sugarcane tops used to feed the ruminants The high 

lignin content and poor nitrogen content hamper the digestibility of these roughages m 

ruminants and chemical treatments to increase the digestibility are expensive Hence 

an alternative cheaper source of mmerals and nitrogen contaming bat guano that was 

used showed increased degradability of roughages when compared to control Mlay 

and Sagamiko (2008) studied the chemical composition of bat guano which contained 

nitrogen (4 7%) that is equivalent to about 29% crude protein, dry matter (90 87%), 

crude fibre (30 06%), ash (6 99%), zme (95 6 ppm), copper (33 4 ppm), magnesium 

(852 4 ppm), calcium (892 6 ppm), phosphorus (4662 5 ppm), and sodium (759 2

ppm)

Wurstal et al (2009) mvestigated the utibjft^ of subft^il bat guano as a 
paleoenvironmental archive by comparing elemJsal ratpfQni stable isotope (C, N,

D) values of various simple extracts from bulk material of guano from Grand Canyon 

cave deposits They suggested that stable isotope studies of guano deposits can be 

contmental paleoenvironmental archive of climate change for semi-and and tropical 

regions Studies also revealed solvent extracted guano with CN ratios within a 

limited range was the best chemical fraction for detailed analysis, because elemental 

ratios in the material could be used as a guide to the likelihood of diagenesis or 

contamination Similar studies on palynology have also been reported earlier by 

Mitzutam et al (1992) and Maher (2006) D ) \ b O

2.2.2. Plant growth promoting activity of guano

Guano has long been mined from caves for use as fertilizers due to its high 

nitrogen and phosphorus content, the primary limiting factors of the plant growth 

(Hutchinson, 1950, Pierson, 1998) Sikazwe and Waele (2004) analyzed nitrogen, 

phosphorus and potassium content of the bat guano from two different caves near 

Lusaka m Zambia They have reported that the guano from Kapongo cave contain 

mtrogen (1 94%), phosphorus (8 41%) and potassium (1 24%) whereas the guano 

from Chipongwe cave contain mtrogen (0 46%), phosphorus (4 03%) and potassium 

(0 12%) indicating phosphorus rich guano m the cave population of bats Similar
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studies on bat guano N-P-K content from northern Rhodesian guano was found to be 

nch in nitrogen (Brown, 1961) However, none of these studies mentioned the source 

of guano that is whether it is from insectivorous or frugivorous bats Based upon its 

N-P-K content its use as organic manure was suggested for growing vegetables and 

gardening soils

Although a very few systematic studies are made on plant growth promoting 

properties of bat guano (Sndhar et al, 2006, Reichard et al, 2010), bat’s guano are 

being used as marketable product that is used as a natural fertilizer However, an 

internet search (keywords bat guano price) revealed more than 950 bat guano 

products, clearly indicating a market for the product. Prices for bat guano organic 

fertilizer varied between $1 25 and $12 00 per pound, dependmg on the size of the 

package (larger packages have lower per-umt prices) and the mix of ingredients 

Reichard (2010) estimated that a colony of one million Brazilian free-tailed bats, 

Tadarida brasiliensis, in Texas could contribute 3,600,000 kJ/day of energy and 

22,000 g of nitrogen m the form of guano Reichard 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, 

Schizachynum scoparium, and praine coneflowers, Ratibida colummfera, 

respectively He further speculated that guano deposition may have species specific 

effects on plant communities (Reichard, 2010, Kunz et al, 2011)

Sndhar et al. (2006) in their studies on influence of insectivorous bat 

(Hipposideros speoris) guano on seedling growth of finger millet Eleusine coracana 

and legume, Phaseolus mungo reported better growth, biomass and nitrogen content 

of both the plants in soil amended with guano at 20 1 ratio Also speculated that soil 

amendment with high quantities of guano resulted m wilting of seedlings A similar 

study on effect of different manures like chicken manure, bat guano, mineral 

fertilizers and the different combinations of these manures on the grain yields and 

biomass production of maize m Guinea region of west Africa was earned by 

randomized block model Though chicken manure showed the best grain yield and 

biomass, bat guano showed significant increase in gram yield and biomass of Zea 

mays when compared to control (Mentler et al, 2002) Several studies have been
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earned out to study the effect on the plant growth indices like shoot and root length, 

weight, gram yield using different kinds of organic manure like farm yard manure 

(Naseer Banu et al, 2003, Sndhar et al, 2006), goat manure (Naseer Banu et al, 

2003) cattle manure (Khalielzadeh et al, 2012), pig manure (Ojeifo, 2008, Lai et al, 

2008), sea bird guano (Young et al, 2011), vermicompost (Joshi and Vig, 2010), 

Mycorrhiza (Al-Khaliel, 2010), Azotobacter (Kuman and Kumar, 2009) and many 

more However, very scanty work with bat guano on plant growth effect has been 

reported from India in general and Western Ghats of Karnataka m particular
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In order to study the nutritional composition of the microchiropteran guano 

and to study the variations in nutritional composition (seasonally) at inter and 

intraspecific level, two populations of Megaderma lyra and one population of 

Rhinolophus roimi have been selected from the study area as mentioned m chapter 1

2.3.1. Microchiropteran guano sampling

Faecal sampling was done regularly from the roostmg sites Floor was cleaned 

everytime before spreading the sheets of paper at different selected spots under one 

roostmg site The droppings (guano) of Megaderma lyra population from Yennehole 

were collected periodically m three seasons viz, Premonsoon (Feb—May), Monsoon 

(June—September) and Post monsoon (October—January) of October 2008 to 

September 2010 Similarly Megaderma lyra and Rhinolophus rouxu guano from 

populations at Varanga mutt and basadi respectively were collected m the year 2009 

Sampling at Varanga mutt was done during March-May (premonsoon), June and 

August (monsoon) and October and December (postmonsoon). And the samplmg at 

basadi was done through March-May (premonsoon), June and August (monsoon) and 

October (postmonsoon) Every month the guano collected was thoroughly mixed and 

kept m vials at -20° C and analysed for its nutritional composition within a week 

following standard procedures This was followed every month for all the guano 

samples collected from different populations during the study period

2.3.2. Nutritional analysis of guano

Guano samples were homogemzed using mortar and pestle and analysed for 

their nutritional properties such as carbohydrates, proteins, lipids, nitrogen, 

phosphorus and potassium alongwith pH, moisture and ash contents following the 

standard procedures Overall nutritive properties were also estimated for these 

microchiropteran guano of all the three populations. All the analysis were earned out 

in triplicates

I. Determination of pH
Guano suspension (1 20 w/v) was prepared m distilled water and left for an 

hour After centnfugmg at 5000 rpm for 10 mmutes supernatant was used to read pH 

using pH meter (ELICO)
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II. Determination of moisture content

About 0.5 g of fresh guano was weighed m a petndish and dried in an oven at 

100° C and cooled m a dessicator The process of heating and cooling was repeated till 

a constant weight is obtained and percentage moisture was calculated usmg following 

formula (Raghuramulu et al., 1983)

Moisture (%) = initial weight - final weight x 100 
weight of the sample

III. Determination of total carbohydrate by Anthrone’s method

The guano sample was dried at 60°C until constant weight achieved A 100 mg 

of this guano was then hydrolysed m 2 5N HC1 by keepmg in boiling waterbath for 

3hours with 5 ml HCL and cooled to room temperature Later neutralized with solid 

sodium carbonate until effervescence ceased Final volume was made to 100ml, 

centrifuged and supernatant was used to estimate the sugar by Anthrone’s method 

(Hodge and Hofreiter, 1962) usmg glucose as standard.

Carbohydrate (%) = sugar value from graph x total volume of extract x 100
aliquot of sample used x weight of sample

IV. Determination of nitrogen and crude protein by Microkjeldahl method

100 mg dned guano sample (60°C) was taken in the digestion flask 1 9g±0 lg

potassium sulphate and 80+10 mg mercuric oxide and 2ml cone H2SO4 was added 

and digested till the solution becomes colourless After cooling the digest was diluted 

with 150 ml distill water and transferred to distillation apparatus Then 10 ml of 

sodium hydroxide - sodium thiosulphate was added into the apparatus A 250 ml flask 

was placed with 25ml bone acid solution with a few drops of indicator (methyl red- 

methylene blue) with condenser tip dipping below the surface of solution Ammonia 

collected on bone acid after distillation was titrated against standard acid (0 02N HC1) 

until the first appearance of violet colour, the end pomt A reagent blank was run and 

the titre volume was subtracted from the sample titre volume Total mtrogen was 

obtained by using the following formula of Young and Pellet (1980) Multiplying the 

total mtrogen value so obtained with 6 25 will give the crude protem content

Nitrogen (%) = (ml HC1 sample-ml HC1 blank) x N of HC1 x 14 01 x 100
weight of the sample
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V. Determination of lipids by Soxhlet extraction method

Lipid was estimated as crude ether extract of the dry matenal 0 1-0 2 g dried 

(100°C) guano sample was weighed m a thimble prepared from Whatmann No 1 and 

placed m the soxhlet apparatus This apparatus was then connected to the solvent 

flask beneath and required volume of petroleum ether was added and connected to 

the condenser Heating rate was adjusted and lipid extracted for 2 hours The solvent 

was then concentrated by vacuum evaporator The lipid obtamed was then dissolved 

m petroleum ether, transferred to a preweighed dish and solvent evaporated Dish 

was dried at 100°C for 30 mins, cooled and weighed

Crude lipid (%) = final weight - initial weight x 100
sample weight

VI. Determination of nutritive value

Nutritive value of the guano was estimated by usmg the following formula 

given by Indrayan et al (2005)

Nutritive value = 4 x % of protein + 9 x % of lipid + 4 x % of carbohydrate

VII. Determination of ash content

About 0 1-0 5g of guano sample was weighed in preweighed crucible and 

heated m the muffle furnace for 2 hour at 600°C temperature till sample turned white 

or grayish white To ensure complete ashing crucible was heated for another half an 

hour, cooled in dessicator and weighed This was repeated till two consecutive 

weights were same and ash was white or grayish white in colour Percentage of ash 

was then calculated using the following formula of Raghuramulu et al (1983)

Ash content (%) = weight of the ash x 100 
weight of the sample

VIII. Determination of phosphorus and potassium content

The ash prepared for determining the ash content was moistened with 0 5-1 

ml distilled water and 4ml distilled HC1 and this mixture was evaporated to dryness 

on boiling water bath Later again warmed with few ml of HC1 and filtered through 

Whatmann No 1 and further diluted to 100ml in a standard flask Aliquots from this 

were used for potassium and phosphorus estimation
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a) Estimation of Potassium by Flame photometry

A 100 ppm of potassium chloride was used as standard and the instrument was 

adjusted to read 100 on the galvanometer Similarly distilled water was used as a 

blank to set the galvanometer reading to zero Later the ash solution prepared from the 

guano was sprayed and the galvanometer readings noted gave the potassium content 

(ppm) of the guano which was then represented as percentage values 

(10,000ppm=l%)

b) Estimation of Phosphorus by Vanadomolybdate method

A 5ml of ash solution was taken m a 50 ml standard flask and to this 10 ml 

nitric acid-vanadate mixture was added This was further diluted to the volume and 

mixed thoroughly Colour developed after 30 nuns was read at 450nm. A standard 

plot was obtained by using potassium dihydrogen phosphate as standard The 

phosphorus content was then estimated using following formula of Baruah and 

Barthakur, 1997 The value so obtained was then represented as percentage 

phosphorus (10,000ppm=l%)

Phosphorus content (ppm) = concentration from standard graph x 50 x dilution
sample weight x volume of aliquote taken

2.3.3. Statistical analysis

The seasonal variation m the nutritional composition of the microchiropteran 

guano was compared by ANOVA The variation in the nutritional composition of 

guano of two bat populations {Megaderma lyra and Rhinolophus rouxu) m three 

different geographical locations (Yennehole, Varanga mutt and basadi) were 

compared using Rruskal-Wallis test Multiple comparisons between the two 

populations from different locations were done by Mannwhitney test Tests were 

performed using programme PAST

2.3.4. Plant growth promoting activity of microchiropteran guano

The guano of Megaderma lyra population at Yennehole was tested for its 

growth promoting activities on a leguminous plant, Vigna radiata L and non 

leguminous plant, Oryzae sativum m two independent experiments Vigna radiata is a 

leguminous plant with a relatively short generation time besides being one of the 

important pulses m the diet And Oryzae sativum is a common agricultural crop of the

61



Chapter 2 2 3 Matenals and Methods

study area and is the staple diet of people m Karkala besides being a nonleguminous 

cereal Megaderma lyra guano was used for the plant growth studies since this guano 

was studied eontmuosly for two consecutive years for its food and nutritional 

composition. Moreover, there was no sampling restraints at this location The 

differences m the growth parameters that included shoot length, root length and 

biomass between the control and the treatments were analysed by students t-test

a) Influence of Megaderma lyra guano from Yennehole population on the 

growth of Vigna radiata L.

To assess the impact of microchiropteran bat, M lyra guano on plant growth, 

soil was collected from 30 cm depth. Half of the soil collected was autoclaved at 

121°C and 15 lbs pressure for 45 minutes To know the influence of consortium of 

microbes in guano on plant growth one set of experiment was carried out usmg 

autoclaved soil 150g of each soil type (autoclaved and nonautoclaved separately) was 

mixed with guano in different ratios in plastic pots Figure 2 1 illustrates the 

experimental set up m the autoclaved soil The treatments included

T1 (control) - only autoclaved soil

T2-T4 - autoclaved soil guano m the ratios 20 0 1, 20 0 5, 20 1 respectively

T5 (control) - non-autoclaved soil

T6-T8 - non-autoclaved soil guano in the ratios 20 0 1, 20 0 5, 20 1
respectively

All the treatments were taken m triplicates Vigna radiata L seeds were used 

as test seeds to study the impact of guano on its growth Seeds were soaked in tap 

water up to six hours Water was drained and the seeds were allowed to germinate 

overnight on wet cloth Five germinated green gram seeds were sown separately per 

treatment and allowed to grow in laboratory conditions The pots were watered 

(stenle water) twice a day until harvest (10 days) After uprooting, the seedlings were 

thoroughly rinsed with tap water, air dried and shoot length and root length were 

determined using graduated ruler Plants were then oven dried at 80°C until constant 

weight was obtained to determine the dry weight (biomass).
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b) Influence of Megaderma lyra guano from Yennehole population on the 
growth of Oryzae sativum.

The soil amended with M lyra guano showed an increase m the growth of 

Vigna radiata L when compared to control but it did not show a significant variations 

hence a nonlegummous plant Oryzae sativum was selected for the second set of 

expenment Accordingly only non autoclaved soil (natural soil) was used m the 

following study To assess the impact of M lyra guano on plant growth and to 

compare it with the impact of conventionally used cow dung, soil was collected from 

30 cm depth 150g of soil was mixed with guano and cow dung separately in different 

ratios m plastic pots (Fig 2 2 and 2 3) The treatments included

T1 (control) - only soil

T2-T5 - soil bat guano m the ratios 20 0 1,20 0 5,20 1,20 2 respectively

T6-T9 - soil cow dung m the ratios 20 0 1, 20 0 5, 20 1, 20 2 respectively

To study the effect of guano on nonlegummous plant species, Oryzae sativum 

seeds were taken as test seeds All the treatments were taken m triplicates Seeds were 

soaked m water overnight Later water was strained and seeds were allowed to 

germinate for 48hours on wet cloth Around 20 germinated Oryzae sativum seeds 

were sown separately per treatment and allowed to grow m laboratory conditions The 

pots were watered (sterile water) twice a day until harvest (10 days) After uprooting, 

the seedlings were thoroughly rinsed with tap water, air dried and shoots and roots 

lengths were determined usmg graduated ruler Plants were then oven dried at 80°C 

until constant weight was obtained to determine the dry weight (biomass)

S3
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Nutritional analysis was earned out for the guano of two populations of 

Megaderma lyra from Yennehole and Varanga mutt and one population of 

Rhinolophm roaxii from Varanga basadi to study the vanations if any at the 

mtraspecific and interspecific level Also to study the seasonal vanations in the 

nutritional composition of the microchiropteran guano

2.4.1. Nutritional analysis of guano

In order to determine the nutntional composition, guano samples were 

analysed for their nutntional properties such as carbohydrates, proteins, lipids, 

nitrogen, phosphorus and potassium along with pH, moisture and ash contents 

following the standard procedures Overall nutntive properties were also estimated for 

these microchiropteran guano of all the three populations

I. Nutritional composition of Megaderma lyra guano from Yennehole 

population.

The overall pH of Mlyra guano from the population at Yennehole was 

recorded to be 7 6+0 2 (mean + SD) Seasonal vanations m the nutntional 

composition for the two consecutive year is tabulated m Table 2 1 and fig. 2 4 and 

25

Dunng postmonsoon of the year 2008-2009 the average percentage of 

moisture content was found to be 15 0 whereas dunng the year 2008-2009, it was 

22 75 The average percentage of carbohydrates, proteins and lipids in the year 2008- 

2009 was 0 95, 8 53 and 12 26 respectively whereas dunng the postmonsoon of the 

year 2009-2010, it wasl 27, 8 89 and 9 32 respectively Hence, the nutntive value 

calculated for the postmonsoon of the year 2008-2009 and 2009-2010 was found to 

be 138 94 and 124 54 cal/lOOg respectively Similarly, the average percentage of 

nitrogen (N), phosphorus (P) and potassium (K) content m the guano dunng 2008-

2009 were found to be 1 36, 4.23 and 0 95 respectively whereas dunng 2009-2010 it 

was 1 42, 5 75 and 1 24 respectively The average percentage of ash content dunng 

2008-2009 was 32 99 as agamst 25 89 dunng the postmonsoon of year 2009-2010

Dunng premonsoon season of the year 2008-2009 (Table 2 1) the average 

percentage of moisture content was found to be 10 50 whereas dunng the year 2009-

2010 it was 9 73 The average percentage of carbohydrates, proteins and lipids dunng
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2008- 2009 was recorded 0 73, 7 65 and 12 04 respectively whereas during the 

premonsoon season of 2009-2010 it was 2 80, 8 89 and 8 41 respectively Hence, the 

nutritive value calculated for the premonsoon of the year 2008-2009 and 2009-2010 

was found to be 141 86 and 122 70 cal/lOOg respectively The average percentage of 

nitrogen (N), phosphorus (P) and potassium (K) content m the guano during the year 

2008-2009 was found to be 1 59, 2 80,1 19 respectively whereas during 2009-2010, it 

was 1 42, 7 0 and 0 68 respectively The average percentage of ash content dunng

2008- 2009 was 19 82 as against 32 65 dunng the premonsoon season of the year

2009- 2010 (fig 2 4 and 2 5)

Dunng the monsoon season of the year 2008-2009 the average percentage of 

moisture content was found to be 38 0 whereas dunng the year (2009-2010) it was 

32 28 The average percentage of carbohydrates, proteins and lipids dunng the 

monsoon was 1 06, 7 58 and 12 07 respectively whereas dunng the year 2009-2010 it 

was found to be 1 48, 8 40 and 6 95 respectively Hence, the nutntive value calculated 

for the monsoon season of 2008-2009 and 2009-2010 was found to be 143 23 and 

99 84 cal/lOOgm respectively The average percentage of mtrogen (N), phosphorus 

(P) and potassium (K) content m the guano dunng the monsoon of 2008-2009 was 

found to be 1 21, 4 53 and 1 23 respectively whereas dunng 2009-2010 it was 1 25, 

11 38 and 1 25 respectively The average percentage of ash content dunng the 

monsoon season of 2008-2009 was 35 03 as against 32 55 dunng the monsoon of 

2009-2010

Thus, the nutritional analysis (Table 2 1, fig 2 4 and 2 5) of guano from 

M lyra population of Yennehole done dunng the two consecutive years (Oct 2008- 

Sept 2010) clearly revealed that the moisture content of the guano tended to be 

highest dunng the monsoon season of both the years of study However, significant 

seasonal vanations in the moisture content (p<0 5) was found during 2008-2009 The 

average percentage of carbohydrates, proteins and lipids m guano throughout the year 

2008-2009 of study did not show significant seasonal vanation However, 

carbohydrate showed significant vanation (P<0 05) dunng the year 2009-2010 

Similarly, there were no significant seasonal vanations m the protein and lipid content 

dunng the entire study penod of 2008-2010 The mtrogen (N), phosphorus (P) and 

potassium (K) analysis of the guano throughout the two years clearly indicated that
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the M lyra guano is phosphorus rich It was observed that the average percentage of 

nitrogen, phosphorus and potassium did not show significant seasonal variations 

during 2008-2009 However, during 2009-2010 significant seasonal variations were 

found in potassium content (P<0 05) Likewise, even percentage ash content and 

nutritive value did not show any significant seasonal variations during the study 

period However, the nutritive value of guano was found to be higher (138 94-143 23 

cal/g) during the year 2008-2009 when compared to the year 2009-2010 wherem it 

was 99 84 - 124 5 cal/lOOg It was also observed that the highest percentage of ash 

content (35 03) was recorded during monsoon of 2008-2009

II. Nutritional composition of M. lyra guano from Varanga mutt population.

The overall pH of Megaclerma lyra guano from Varanga mutt was recorded to 

be 7 2+0 04 (mean + SD) Seasonal variations in the nutritional composition are 

tabulated m Table 2 2 and fig 2 6

The average percentage of moisture content was found to be highest during the 

monsoon (15 55) season followed by post monsoon (14 30) and premonsoon (12 40)
a

respectively During premonsoon season the average percentage of carbohydrates, 

proteins and lipids were found to be 1.70, 16 30 and 10 90 respectively and so the 

nutritive value was estimated to be 170 10 cal/lOOg. The average percentage of 

nitrogen (N), phosphorus (P) and potassium (K) were found to be 2 61, 2 80 and 1 0 

respectively and the average percentage of ash content was 22 10

During monsoon season the average percentage of carbohydrates, protems and 

lipids were found to be 2 31, 9 70 and 16 02 respectively and so the nutritive value 

was estimated to be 192 08 cal/lOOg Likewise, the average percentage of nitrogen 

(N), phosphorus (P) and potassium (K) were found to be 1 40, 4 0 and 0 90 

respectively and the average percentage of ash content was 29.02

During postmonsoon the average percentage of carbohydrates, protems and 

lipids were found to be 1 40, 9 30 and 16 40 respectively and so the nutritive value 

was estimated to be 190 40 cal/lOOg The average percentage of nitrogen (N), 

phosphorus (P) and potassium (K) were found to be 1 50, 3 50 and 0 90 respectively 

and the average percentage of ash content was 27 20
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Thus, M lyra guano from Varanga mutt population (Table2 2, fig 2 6) 

revealed no significant seasonal variations in the nutrients analysed (P>0 05) 

However, the average percentage of moisture content was tended to be highest during 

the monsoon (15 55) and was comparable to the moisture content during postmonsoon 

(14 30) Likewise among the carbohydrates, protems and lipids estimated during the 

study period, carbohydrate showed highest percentage during monsoon (2 31%), 

protein during premonsoon (16 30%) and lipids during monsoon (16 02%) and 

postmonsoon (16 40%) Thus, the guano was found to be rich in lipid when compared 

to carbohydrates and proteins The N-P-K analysis of M lyra guano from mutt 

population revealed the guano to be phosphorus rich The nitrogen, phosphorus and 

potassium content of guano did not show any significant seasonal variations 

However, nitrogen content was recorded highest during premonsoon (2 61%) while 

phosphorus recorded highest dunng monsoon (4%) and postmonsoon (3 50%) 

Highest percentage of ash content was recorded dunng monsoon (29 02%) and lowest 

dunng premonsoon (22.10%). The nutntive value of guano also was recorded highest 

dunng monsoon (192 08 cal/lOOg) and lowest dunng premonsoon (170 10 cal/lOOg).

III. Nutritional composition of Rhinolophus rouxii guano from Varanga

basadi population.

The overall pH of R rouxu guano from Varanga basadi was recorded to be 6 6 

+ 0 09 (mean + SD) The average percentage of moisture content of the guano was 

recorded highest dunng monsoon (32 0) followed by postmonsoon (28 81) and 

premonsoon (13 40) respectively (Table 2 3, fig 2 7)

Dunng premonsoon season the average percentage of carbohydrates, protems 

and lipids were found to be 2 40, 12 70 and 14 10 respectively and so the nutntive 

value was estimated to be 187 30 cal/lOOg The average percentage of nitrogen (N), 

phosphorus (P) and potassium (K) were found to be 2 0, 0 60 and 1 0 respectively and 

the average percentage of ash content was 9 90

Dunng monsoon the average percentage of carbohydrates, proteins and lipids 

were found to be 1 90, 12 80 and 15 30 respectively and so the nutntive value was 

estimated to be 196 50 cal/lOOg Similarly average percentage of nitrogen (N), 

phosphorus (P) and potassium (K) were found to be 2 10, 0 80 and 1 70 respectively 

and the average percentage of ash content was 8 80
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During postmonsoon the average percentage of carbohydrates, proteins and 

lipids were found to be 1 70, 11 70 and 13 70 respectively and so the nutritive value 

was estimated to be 176 60 cal/lOOg Likewise, the average percentage of nitrogen 

(N), phosphorus (P) and potassium (K) was found to be 1 90, 0 81 and 1 80 

respectively and the average percentage of ash content was 8 80

Thus, analysis of Rhinolophus rowcn guano for its nutritional composition 

(Table2 3, fig. 2 7) clearly revealed no significant seasonal variations m the nutrients 

analysed except for potassium However, the moisture content was recorded highest 

during monsoon (32 0%) and least during premonsoon (13 40%). Among the 

carbohydrates, proteins and lipids estimated dunng the study period the guano was 

found to be rich in lipid followed by proteins The N-P-K analysis of R rouxn guano 

from basadi population revealed it to be a nitrogen nch guano And a significant 

seasonal variation was observed m the potassium content of the guano (P<0 01) 

Highest percentage of ash content was recorded dunng premonsoon (9 90%) and there 

was no vanations at all dunng monsoon and postmonsoon season. The nutntive value 

of guano was recorded highest dunng monsoon (196 50 cal/lOOg) and lowest dunng 

postmonsoon (176 60 cal/lOOg)

2.4.2. Statistical analysis

Kruskal-Wallis test was performed to compare the two bat populations from 

three different locations (Table 2 4) Test clearly revealed there exists significant 

vanation m the nutritional composition of guano of the two populations in three 

locations Proteins, lipids, nitrogen, phosphorus and ash content showed highly 

significant vanation (p<0 01) between the bat populations. Whereas there were no 

significant differences in the moisture, carbohydrate and potassium contents of the 

guano from the two populations from three locations

Hence, multiple compansons were done by Mann-Whitney test (Table 2 5) to 

determine the vanations between the populations (both mtraspecific and interspecific) 

at different locations It was found that Megaderma lyra guano from populations at 

Yennehole and Varanga mutt showed highly significant vanations (p<0 01) in their 

proteins, lipids and nitrogen content M lyra guano from Varanga mutt contained 

significantly higher percentages of proteins, lipids and nitrogen than the guano at
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Yennehole population Whereas there were no significant variations m the 

carbohydrates, phosphorus, potassium and ash content

Similarly, Megaderma lyra guano from Yennehole population and 

Rhinolophus rouxn guano from Varanga basadi population showed highly significant 

(p<0 01) variations m proteins, lipids, mtrogen, phosphorus and ash content R rowcii 

guano contained significantly higher protems, lipids and mtrogen than M lyra guano 

Whereas M lyra guano contained higher phosphorus and ash than R rouxn guano No 

significant variations in the carbohydrates and potassium contents were observed.

It was noted that M lyra guano from Varanga mutt and R rouxn from Varanga 

basadi showed highly significant (p<0 01) variations only m phosphorus and ash 

content Megaderma lyra guano showed significantly higher phosphorus and ash 

content when compared to R rouxn guano

2.4.3. Plant growth promoting activity of microchiropteran guano

Megaderma lyra guano from Yennehole population was tested for its effect on 

growth of a leguminous species, Vigna radiata L and a non leguminous species, 

Oryzae sativum.

a. Influence of Megaderma lyra guano from Yennehole population on the 

growth of Vigna radiata L.

Effect of M lyra guano on plant growth was determined by measuring the 

growth parameters like shoot length and root length and biomass (dry weight) To 

know the influence of consortium of microbes in guano on plant growth one set of 

experiment was earned out usmg autoclaved soil since all microbes in the autoclaved 

soil are destroyed

i. Growth parameters in autoclaved soil

Autoclaved soil amended with guano (Table 2 6, fig 2 8 and 2 9) m different 

ratios (T2-T4) showed better shoot length of Vigna radiata when compared to the 

control (Tl) without guano treatment However, treatment T3 with soil guano, 20 0 5 

showed significant mcrease m shoot length (p<0 05) when compared to control Tl 

No significant difference was observed in the root length between the control and the 

treatments Although the biomass obtained after harvesting was better in the
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treatments than m the control, significant difference was observed m the biomass 

between the control T1 and the treatment T3 (fig 2 9) Biomass in treatment T3- 

20 0 5, soil guano was better than m the control Moreover, it was also observed that 

the biomass of T2 and T3 were comparable

ii. Growth parameters in non-autoclaved soil.

In non- autoclaved soil though Vigna radiata showed best shoot length and 

biomass m treatment T7 (soil guano, 20 0 5) compared to control but no significant 

variation was observed m the control and treatments (Table 2 7, fig 2.10 and 211)

b. Influence of Megaderma lyra guano from Yennehole population on the 

growth of Oryzae sativum.

There was no significant differences observed m growth parameters of 

Vigna radiata in non-autoclaved soil Hence, in second set of experiment a non 

leguminous plant variety, Oryzae sativum was selected to study and compare the 

impact of guano and cow dung on its growth parameters in non autoclaved soil It was 

observed that all the treatments with guano showed significant increase m shoot 

length of Oryzae sativum with T3 (20 0 5, soil guano) showing the highest shoot 

length (Table 2 8) (Fig 2 2a and b). Simultaneously there was significant decrease in 

the root length (Fig 2 2c) with the increase in the guano content from T2 through T5 

There was a significant increase m the biomass m the all the treatments except T5 

where the biomass reduced significantly Highest biomass was obtained in treatment 

T3 (Table 2 8, fig. 2 13)

The cow dung treated soil showed significant increase in the shoot length of 

Oryzae sativum m all the treatments with highest shoot length at treatment T9 (20 2, 

soil guano) whereas there was no significant differences in root length (Table 2 9) A 

significant increase m the biomass was observed through treatments T7-T9 with 

highest biomass m treatments T8 (20 1, soil cow dung) and T9 (20 2, soil cow dung) 

Figure 2 3 illustrates the comparison of different treatments with cow dung and 

guano amended soil showing differential growth Cow dung showed highest growth at 

T9 (20 2) whereas M lyra guano showed highest growth at T3 (20 0 5) (Table 2 8 

and 2.9, fig 2 3)

a
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2.5.1. Nutritional composition of microchiropteran guano
There exists a complex food web in the ecosystem The energy in the food is

transformed from one to another form with some part lost as heat. Bats also occupy a 

trophic level in the food chain Bats feed on arthropods mostly insects, vertebrates and 

after digestion excrete parts of insects, spiders and bones, scales, hair of vertebrates 

This mtum forms the resource base for large number of orgamsms like ants, thnps, 

beetles, salamanders and microorganisms Thus, recycling of the nutrients take place 

Food is taken as source of energy by all life forms And the digestive system plays a 

very important role m digestion and assimilation of the nutrients from food (Becker et 

al, 2012) Bats are also no different m that they feed on wide varieties of insects 

(Whitaker, 1988, Whitaker and Yom-Tov, 2002, Goonatilake et al, 2005) to meet 

their energy demands This emphasis on energy budgets suggests that if an animal 

meets its caloric demands, all other nutritional requirements will be satisfied (Studier 

etal, 1991)

In the present study the nutritional composition of faecal matter substantiated 

the contribution of bats to the ecosystem by providing the organic matter in the form 

of carbohydrates, proteins and lipids which may form the resource for other 

arthropods (Femera and Martins, 1998) and vertebrates (Feneho et al, 2006) The 

nitrogen, phosphorus and potassium content are plant growth limiting factors which 

are dispersed by the bats m the form of guano during their flight and deposited m the 

roosting area can be a promising organic fertilizer (Sndhar et al, 2006)

A supply of water is crucial due to its involvement m a variety of essential 

functions within the body Just as the need for liquid water is influenced by variables 

such as ambient air temperature and humidity, solar and thermal radiation, metabolic 

rates, and food composition and intake (Robbins, 1993), the moisture content of the
i

guano may also be influenced by food composition and ambient temperature and 

humidity This is very clearly revealed smce the moisture content of the guano from 

all the three locations was found highest during monsoon since rainfall and humidity 

was highest during monsoon Though moisture content tended to be high during 

monsoon no significant seasonal variation was found except for the period 2008-2009 

in guano from Yennehole population which may be due to the high rainfall during this 

period when compared to other study periods
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The nutrient profile of all mammals vanes with and within the species, 

location, feeding habits, age, sex and environmental factors (Silva and Chamul, 2000) 

Despite differences m diet and feeding strategy among mammals, most species that 

have been studied appear to have similar qualitative nutnent needs for normal tissue 

metabolism (Ullrey and Allen, 1986) This may also be true with the msectivorous 

bats smce they also feed on different vaneties of insects as seen m M lyra and R 

rouxn and some microbats like M lyra even feed on vertebrates as reported in chapter 

1

When an element is mgested in small quantity physiological mechamsms 

maximize the assimilation of that element and therefore minimize fecal concentration 

of that element (Studier et al, 1991), In the same way when a nutnent is in excess its 

concentration should presumably be high in the faeces (Herrera et al, 2001) This 

may be the reason that the carbohydrate, protem and lipid contents vary in the guano 

analysed But no significant seasonal vanation is observed for these nutnents 

implying that they are sufficiently available throughout the year It is also observed 

that the guano is nch in lipid followed by protem content m both the bat populations 

irrespective of the season and year This may be because the msects are known to be 

nch source of lipids and proteins ((McCance and Widdowson, 1947, Phelps et al, 

1975, Ashiru, 1988, Ramos-Elorduy and Pino, 1990, Finke, 2002, Marconi et al, 

2002, Banjo et al, 2006)

Faecal composition reflect composition of mgested biomass (Silva and 

Chamul, 2000 Kamler and Homolka, 2005, Emerson and Roark, 2007 and Zhao et al, 

2007) and nutritional content of faeces is very much dependent upon the dietary 

habits, species of bat and location (Bailey and Robertson, 1982, Sikazwe and Waele, 

2004, Emerson and Roark, 2007) which may be the reason for the highly significant 

vanation m the lipid and protein content of the guano of M lyra population from 

Yennehole and M lyra and R roaxu population from Varanga mutt and basadi 

respectively However, M lyra population from Varanga mutt and R rouxu from 

Varanga basadi do not show any significant vanation m their carbohydrate, protem 

and lipid content smce they consume the resources from the same locality (Table 2 4 

and 2 5) It is also known that the nutntional composition of msects vary with and 

within the species, developmental stages, sex and location (Banjo et al, 2006,

B
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Xiaommg et al, 2008) which is another factor contributing to the vanation in the 

protein and lipid content of the guano from same species and different locations (M 

lyra from Yennehole and Varanga mutt) and different bat genera (M lyra from 

Yennehole and R rouxn from Varanga basadi)

Apart from insects, M lyra were also found to feed on fishes and other 

mdentified vertebrates which are again a rich source of proteins and phospholipids. It 

is found that the total lipid content very among the species, within the members of 

same species and different parts of the same fish (Stansby, 1976) Depth and latitiude 

of fish catch also influences calonc density, fat and moisture content (Bailey and 

Robinson, 1986) Fishes at depth have higher moisture and lower fat contents As the 

fishes grow older and larger moisture is replaced by fats Moreover, most plasma 

membranes of animal cell consist of approximately 50% lipid and 50% protein by 

weight, with the carbohydrate portions of glycolipids and glycoproteins constituting 5 

to 10% of the membrane mass Since proteins are much larger than lipids, this 

percentage corresponds to about one protein molecule per every 50 to 100 molecules 

of lipid (Cooper, 2000) Moreover the transit of food in digestive tract is very rapid in 

bats (Klite, 1965, Mitzutani et al, 1992, Stalmski, 1994, Smith et al, 1998) due to 

which time may not be sufficient to digest and assimilate most of the high calorific 

lipid food.
, )

The NPK content of the guano did not show significant seasonal vanation m 

the guano of M lyra population from both the locations However significant seasonal 

vanation m the potassium content was observed m M lyra guano from Yennehole m 

the year 2009-2010 Potassium content was significantly higher dunng monsoon and 

postmonsoon This may be due to high volume of vertebrate food nch m potassium 

dunng monsoon and postmonsoon (Table 1 2) Moreover it was also observed that 

the M lyra guano is nch in phosphorus Previous studies have found high phosphorus 

content in both msectivorous and sanguivorous bat guano due to phospholipids m 

blood and phosphates in insects (Williams, 1941, Aldemus et al, 1983, Shahack-gross 

et al, 2004) Likewise insects are nch in proteins and protem nch foods are ncher in 

phosphorus (McCance and Widdowson, 1947) Accordingly fishes are known for 

their high nutntional quality They are relatively low m fats and saturated fatty acids 

and high in polyunsaturated fatty acids, proteins and minerals like calcium,
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phosphorus sodium, potassium and magnesium (Dean, 1990) contributing to high 

phosphorus and potassium content of M lyra guano However, it was observed that 

the guano from R rouxn population from basadi is nch in nitrogen This is in 

agreement with previous studies that reported insectivorous bat guano to be nch in 

nitrogen (Emerson and Roark, 2007) The significant vanation m the nitrogen content 

may be due to the high protem content of insects when compared to vertebrate food 

Since R rouxn feeds exclusively on msects it shows higher nitrogen content 

Moreover, some of the dietary nitrogen is present in refractory, animated 

polysaccharides in the exoskeleton of insects which will be comparatively less in 

M lyra feeding even on vertebrates

No significant seasonal vanation was observed m the ash content of the guano 

from the bat populations from all the three study area However, there was significant 

vanation m the ash content of M lyra and R rouxn guano with M lyra guano 

containing higher percentage of ash The ash content of the sample is the reflection of 

the mineral it contains (Adeyeye, 2000) which implicates that the M lyra guano is 

nch m minerals which is agam correlated to the food it consumes Both insects, fishes 

and frogs are nch m mmerals (Dean, 1990, Finke, 2002, Marconi et al, 2002, Tokur 

et al, 2008, Cagiltay et al, 2011, Shanthibala et al, 2014) on which it is known to 

feed (Advani, 1981a, Goonatilake et al, 2005) and is also substantiated m the present 

study

2.5.2. Influence of M. lyra guano on the growth of plants

Among the bat guano, two broad categones have been identified based on 

NPK ratios high phosphorus guano (3.134-430 4) from frugivorous bats and high 

nitrogen guano (8 4 1-13 3 3) from insectivorous bats Bat guano with high nitrogen 

content are known to promote the growth (Sndhar et al, 2006). However, an 

inquisitiveness to know the effect of phosphorus nch bat guano, Megaderma lyra 

guano was used to study its influence on the growth of Vigna radiata L Companng 

this bat guano with other manures it is found that the guano m present study has 

higher phosphorus and lower nitrogen content than chicken, sheep, goat, cow and pig 

manure (Olayiwola, 2011) In the present study it was found that the phosphorus nch 

guano showed significant increase in shoot length and biomass of V radiata L in 

autoclaved soil Whereas in non autoclaved although the treatments showed better
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growth than control, no significant difference was observed in growth parameters of 

the plant m non-autoelaved soil implicating that the bat guano contained growth 

promotmg microorganisms These results are m accordance with De Deyn et al 

(2004), Al-Khaliel (2010), Banuelos et al (2013) Increase in shoot length and 

biomass m autoclaved soil than m non autoclaved soil could be explamed by absence 

of competition for resources m the soil by other soil microorganisms (Calvet et al, 

2002) that are destroyed by autoclaving or may be due to solubilization of nutrients by 

autoclaving that increases the availability of the nutrients and subsequently their 

uptake by the plants as found by Miransan et al (2009) in wheat, the increase of 

nutnent uptake m sterile soils by its solubilization

However, the findings m the present study is contradictory to what Ingham et 

al (1985), Callaway et al (2004) and He and Cui (2009) found, where they observed 

a decrease of plant biomass in sterile soil According to He and Cui (2009), perhaps 

this could be related to changes in the pH and soil nutnent availability As some 

microorgamsms still remain unknown therefore, their role in nutnent cycle is not 

understand, it is complicated to know how they influence plant growth (Crecchio et 

al, 2004) Even Vandegehuchte et al (2010) reported m their studies that plants were 

affected more strongly by soil biota that compnse mutualists as well as antagomsts, 

exerting positive or negative effects on plant growth respectively than by abiotic soil 

properties that include the availability of nutnents and water, which are necessary for 

plant growth

In an another set of expenment with natural soil amended with bat guano in 

different ratios was used to study its impact on the growth of paddy, Oryzae sativum 

In this study in natural soil the plant showed significant increase m the shoot length 

(fig 2 2 a) and biomass when compared to the control implicating its growth 

promotmg property However, there was a significant decrease m the root length 

(fig 2 2 b) m the treatments when compared to the control This can be explamed by 

the work of Kramer (1983) who experimentally proved m maize that the root length 

varied with the concentration of available phosphorus at different depths Root length 

did not increase when the phosphorus was available at the surface and with the 

increase in phosphorus concentration in depth the root length mcreased Similar 

observations were also reported by Wood (1957) m sandy soils trees that often form
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root mats near the surface because the surface soil contains more mineral nutrients 

released by decomposition of leaf litters and are wetted by summer showers Similarly 

in the present study since the guano is rich m phosphorus which may be easily 

available near the surface so roots did not grow longer (fig 2.2 b)

In the present study the guano from M lyra showed differential growth 

response in Vigna radiata L. and Oryzae sativum The guano showed growth 

promotion m O sativum with reduction in root length whereas neutral effect m 

V radiata L in natural soil Similar results were obtained by Reichard (2010) in 

greenhouse experiments on plant species native to Texas, Indian grass, Sorghastrum 

nutans, that showed good growth response but reduced root/stem ratio and a neutral 

effect on two other native species, little bluestem, Schizachyrium scoparium, and 

prairie coneflowers, Ratibida colummfera, respectively He further speculated that 

guano deposition may have species specific effects on plant communities Such 

species specific response is also reported in sea guano Young et al (2011) studied the 

growth responses of four juvenile plants that included Cocos nuctfera, Pisoma 

grandis, Scaevola sericea, and Tournefortia argentea m sea bird guano amended soil 

They determined that responses to guano addition differed significantly between 

species with Cocos nucifera not showing any significant variations m the growth 

parameters except for an increase m the foliar mtrogen and phosphorus content which 

is usually trait observed m low-nutnent grown trees that when grow m nutrient 

amended media reserve nutrients They also speculated that the three plants, Pisoma 

grandis, Scaevola sericea, and Tournefortia argentea associated with the sea birds 

showed strong response to the guano fertilization whereas the one that is not 

frequently visited that is Cocos nucifera did not show any significant variations

However, the findings of the present study is m contradiction to the studies by 

Sndhar et al (2006) on seedling growth of finger millet, Eleusine coracana and 

legume, Phaseolus mungo usmg bat (Hipposideros speoris) guano They reported 

better growth, biomass and nitrogen content of both the plants in soil amended with 

guano at 20 T ratio However, the guano in the present study showed differential 

growth response m V radiata L and O sativum and the best growth was obtamed at 

20 0 5 (soil guano) ratio m both autoclaved soil for V radiata L and natural soil used 

for O sativum However, in the present study at higher guano concentrations the plant
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showed stunted growth which is m accordance with the reports of Sndhar et al 

(2006) It was also observed that the conventionally used nitrogen rich cow dung is 

required m higher concentrations in comparison to guano to show similar effect on 

plant growth This may be attributed to the variations m the nutritional composition 

and microbial consortium of the guano and cow dung since the former is a msectivore 

and the later a herbivore It is already ascertained that the diet influences the 

composition of the faeces
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In order to study the nutritional composition of the microchiropteran guano 

and to study the variations m nutritional composition (seasonally) at inter and 

intraspecific level, two populations of Megaderma lyra, one each from an abandoned 

house at Yennehole and Varanga mutt and one population of Rhinolophus rouxu from 

Varanga basadi have been selected from the study area as mentioned m chapter 1 The 

two roosting sites located m Yennehole and Varanga are 25 km from each other and 

sharing same surroundings with lustrous paddy fields, coconut and arecanut 

plantations, forest cover, and a lake very next to roostmg sites at Varanga whereas a 

river at Yennehole around 1km away from the roostmg site

The guano (faecal pellets) were collected periodically during 2008-2010 from 

the floor of roostmg sites by spreading paper sheets and the samples so collected were 

mixed and stored at -20°C until analysed Guano samples were homogemzed usmg 

mortar and pestle and analysed for their nutritional properties such as carbohydrates, 

protems, lipids, nitrogen, phosphorus and potassium along with pH, moisture and ash 

contents following the standard procedures Overall nutritive properties were also 

estimated for these microchiropteran guano of all the three populations All the 

analysis were earned out in tnplicates

The overall pH of Mlyra guano from the population at Yennehole was 

recorded to be 7 6+0 2 and from Varanga mutt was recorded to be 7 2+0 04 whereas 

the overall pH of R rouxu guano from Varanga basadi was recorded to be 6 6 + 0.09 

(mean ± SD)

The nutntional analysis of guano of M lyra population of Yennehole done 

through the two consecutive years (Oct.2008-Sept 2010) clearly revealed that the 

moisture content of the guano tended to be highest during the monsoon season of both 

the years of study penod However significant seasonal variation m the moisture 

content (p<0 5) was found during 2008-2009 The average percentage of 

carbohydrates, proteins and lipids in guano throughout the year 2008-2009 of study 

did not show significant seasonal variation. However, carbohydrate showed 

significant variation (p<0 05) dunng the year 2009-2010 Similarly there was no 

significant seasonal variations in the protein and lipid content dunng both the years of 

study (2008-2010) The nitrogen (N), phosphorus (P) and potassium (K) analysis of 

the guano throughout the two years clearly indicated that the M lyra guano is
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phosphorus rich It was observed that the average percentage of nitrogen, phosphorus 

and potassium did not show significant seasonal variations during 2008-2009 

However, during 2009-2010 significant seasonal variations were found m potassium 

content (p<0 05) The percentage ash content and nutritive value did not show any 

significant seasonal variations during the entire study period. Even M lyra guano 

from Varanga mutt population revealed no significant seasonal variations in the 

nutrients analysed (p>0 05) and the guano is phosphorus rich as expected The 

nutritional analysis of Rhinolophus rouxu guano also revealed no significant seasonal 

variations in the nutrients analysed except for potassium and the guano is found to be 

nitrogen rich

Statistical analysis by Kruskal Wallis test revealed that the proteins, lipids, 

nitrogen, phosphorus and ash content showed highly significant variations (p<0 01) 

between the bat populations Whereas there was no significant differences in the 

moisture, carbohydrate and potassium contents of the guano from M lyra and 

R rouxu populations from Yennehole, Varanga mutt and basadi

Multiple comparisons by Mann-Whitney test indicated that Megaderma lyra 

guano from populations at Yennehole and Varanga mutt showed highly significant 

variations (p<0 01) m their protems, lipids and nitrogen content M lyra guano from 

Varanga mutt contained significantly higher percentages of protems, lipids and 

nitrogen than the guano at Yennehole population. Whereas there was no significant 

variations in the carbohydrates, phosphorus, potassium and ash content Simillarly 

R rouxu guano contained significantly higher protems, lipids and nitrogen than M lyra 

guano from Yennehole populations Whereas Mlyra guano contained higher 

phosphorus and ash than R rouxu guano It was also observed that M lyra guano from 

Varanga mutt and R rouxu from Varanga basadi showed highly significant (p<0 01) 

variations only m phosphorus and ash content Megaderma lyra guano showed 

significantly higher phosphorus and ash content when compared to R rouxu guano

Phosphorus nch guano from M lyra population at Yennehole was tested for 

its influence on the growth of leguminous species, Vigna radiata L and a 

nonlegummous species, Oryzae sativum Growth parameters like shoot and root 

length and biomass (dry weight) were determined
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In first set of experiment to know the influence of consortium of microbes m 

guano on plant growth one set of experiment with V radiata was earned out using 

autoclaved soil since all microbes m the autoclaved soil are destroyed M lyra guano 

was mixed with autoclaved and non autoclaved soil separately in different soil guano 

ratios (20.0 1, 20 0 5, 20 1) m separate pots and growth parameters were determined 

after ten days of growth. There was significant increase m growth parameters of 

plants m autoclaved soil ammended with M lyra guano than m control pots whereas 

there was neutral effect on the growth of V radiata m non-autoclaved soil The 

increase in shoot length and biomass was significant at soil guano ratio of 20 0 5 

(T3)

Non-autoclaved soil did not show any significant effect on a leguminous 

variety, V radiata growth and hence a nonleguminous variety, Oryzae sativum was 

used with the natural non autoclaved soil to analyse influence of M lyra guano on its 

growth Once agam M lyra guano was mixed with non autoclaved natural soil m 

different soil- guano ratios (20 01, 20 0 5, 20 1) m separate pots and growth 

parameters were determined after ten days of growth A similar set up was used with 

cow dung instead of bat guano to compare efficacy of bat guano with the 

conventionally used cow dung Significant increase m the growth parameters were 

observed m all the treatments amended with bat guano when compared to control 

However highest shoot length and biomass was observed m soil guano ratio of 20 0 5 

(treatment- T3) At the same time a significant decrease m the root length was also 

observed in the treatments amended with bat guano when compared to control Cow 

dung amended soil also showed significant increase m the growth of O sativum when 

compared to control However, maximum growth was observed at soil cow dung ratio 

of 20 2 (treatment- T9)

Thus, the studies on nutritional composition of microchiropteran guano and 

plant growth promoting activity clearly revealed that,

• M lyra guano is slightly alkaline whereas R rouxu guano is slightly acidic.

• Though food habits of M lyra from Yennehole and Varanga mutt populations 

are similar, guano of M lyra from Varanga mutt is found to be nutritionally 

richer
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• No significant seasonal variations were observed m moisture, carbohydrates 

and potassium contents of microchiropteran guano However, variations were 

observed in protein, lipids, nitrogen, phosphorus and ash contents

• Protein contents are comparable whereas R roian guano is found to be rich m 

lipid content

• M lyra guano is phosphorus nch whereas R rouxn guano is nitrogen nch

• Microchiropteran guano does show plant growth promoting properties but it is 

plant species specific.

• Microchiropteran guano are required m very small quantities (soil guano, 

20 0 5) to influence plant growth whereas the cow dung used conventionally 

are required m larger quantities (soil cow dung, 20 2) to show the same effect.
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Fig:2.1. Effect of M. lyra guano on the growth of Vigna radiata L.

Tl- control (only soil), T2- soihguano (20:0.1), T3- soihguano (20:0.5), 
T4- soihguano (20:1)



Fig:2.2. a. Effect of Megaderma lyra guano on the growth of Oryzae sativum.
b. Variations in the shoot length in control and treatments.
c. Variations in the root length in control and treatments.

Tl- control (only soil), T2- soihguano (20:0.1), T3- soihguano (20:0.5), 
T4- soihguano (20:1), T5- soihguano (20:2).



Fig:2.3. Influence of cowdung and M. lyra guano on the growth of Oryzae sativum

Tl- control (only soil), T2- soihguano (20:0.1), T3- soihguano (20:0.5), 
T4-soil:guano (20:1), T5- soihguano (20:2), T6- soihcowdung (20:0.1),
T7- soihcowdung (20:0.5), T8- soihcowdung (20:1), T9- soihcowdung (20:2)



Table-2.1. Seasonal variation in the nutritional composition of Megaderma lyra 

guano from Yennehole population for the period Oct.2008-Sept.2010.

Oct. 2008-Sept.2 909
Nutritional composition 

(%)
Postmonsoon 

(Oct-Jan)
Premonsoon
(Feb-May)

Monsoon
(June-Sept)

p value

Moisture* 15.0±0.77 1Q.50±1.0 38.0±10.71 0.0007
Carbohydrate 0.95±0.79 0.73±0.56 1.06±0.77 0.800
Protein 8.53±0.40 7.65±2.11 7.58±1.86 0.673
Lipid 12.26±1.30 12.04±1.45 12.07±2.0 0.978
Nitrogen 1.36±0.06 1.59±0.92 1.21±0.30 0.643
Phosphorus 4.23±0.64 2.80±1.75 4.53±1.55 0.191
Potassium 0.95±0.32 1.19±0.25 1.23±0.22 0.320
Ash 32.99±8.0 19.82±13.82 35.03±14.0 0.146
Nutritive value (cal/100g)) 138.94±23.3 141.86±20.61 143.23±18.92 0.958

<')ct.2009-Sept.2(>10
Nutritional composition 

(%)
Postmonsoon 

(Oct-Jan)
Premonsoon
(Feb-May)

Monsoon
(June-Sept)

p value

Moisture 22.75±20.93 9.73±1.23 32.28±15.87 0.164
Carbohydrate* 1.27±0.54 2.80±0.52 1.48±0.90 0.021
Protein 8.89±1.51 8.89=1=1.51 8.40±3.66 0.292
Lipid 9.32±3.30 . 8,41±4.08 6.95±1.97 0.598
Nitrogen 1.42±0.24 1.42±0.24 1.25±0.20 0.475-
Phosphorus 5.75±2.89 7.0 ±4.35 11.38±3.53 0.126
Potassium* 1.24±0.37 0.68±. 1.5 1.25±0.35 0.043
Ash 25.89±14.53 32.65±7.8 32.55±3.04 0.549
Nutritional value (cal/lOOg) 124.54 ±28.98 122.70±39.92 99.84±23.16 0.371

Values represented as mean+SD. p value significant at <0.05
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Fig.2.4. Seasonal variations in the nutritional 
composition of M. lyra guano from Yennehole 

population during Oct.’08-Sept.'09.
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Fig.2.5. Seasonal variations in the nutritional 
composition of M. lyra guano from Yennehole 

population during Oct.’09-Sept.'10
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Fig.2.6. Seasonal variations in the nutritional 
composition of M.lyra guano front Yaranga mutt 

population in the year 2009

premonsoon 
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Table-2.2. Seasonal variation in the nutritional composition of M. lyra guano from 
Mutt for the year 2009.

Values represented as mean+SD. p value significant at <0.05

Nutritional composition
(%)

Premonsoon 
(March &May)

Monsoon 
(June & Aug)

Post monsoon 
(Oct & Dec.)

p value

Moisture 12.40+6.41 15.55+7.0 14.30±0.06 0.838

Carbohydrate 1.70+0.80 2.31+0.59 1.40+0.30 0.422

Protein 16.30+3.40 9.70+0.62 9.30±1.67 0.062

Lipid 10.90±3.62 16.02+0.26 16.40+0.59 0.124

Nitrogen 2.61 ±0.544 1.40+0.13 1.50+0.27 0.054

Phosphorus 2.80±0.71 4.0+0.04 3.50±2.06 0.532

Potassium 1.0±0.3I 0.90+0.01 0.90±0.24 0.876

Ash 22.10±3.71 29.02+0.54 27.20+18.94 0.735

Nutritive value (cal/lOOg) 170.10±39.74 192.08+2.38 190.55±2.60 0.645
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Fig.2.7. Seasonal variations in the nutritional 
composition of R. rouxii guano from Yaranga basadi 

population during the year 2009.

60
50
40
30
20

10

premonsoon
(March-May)

II ii

UtilJL IJL. i
monsoon 

(June & Aug)
postmonsoon

(Oct.)

i Moisture 

i Carbohydrate 

l Protein 

i Lipid 

i Nitrogen 

i Phosphorus 

Potassium 

■ Ash

Table-2.3. Seasonal variation in the nutritional composition of Rhinolophus rouxii 
guano from basadi during the year 2009.

Nutritional composition
(%)

Premonsoon 
(March-May )

Monsoon 
(June & Aug)

Post monsoon 
(October)

p value

Moisture 13.40+1.62 32.02±4.57 28.81± 23.77 0.490

Carbohydrate 2.40± 0.32 1.90± 0.45 1.70± 0.59 0.289

Protein 12.70+ 1.19 12.80± 0.97 11.70± 0.42 0.502

Lipid 14.10± 0.73 15.30± 0.70 13.70± 0.25 0.122

Nitrogen 2.0 ±0.19 2.10± 0.16 1.90 ±0.13 0.681

Phosphorus 0.60+ 0.08 0.80±0.19 0.81± 0.44 0.584

Potassium* 1.0 ±0.16 1,70± 0.10 1.80± 0.08 0.004

Ash 9.90± 3.24 8.80± 0.10 8.80± 0.11 0.830

Nutritive value (cal/lOOg) 187.30± 11.79 196.50± 11.97 176.60± 1.78 0.255
Values represented as mean+SD. p value significant at <0.05
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Table. 2.4. Non parametric Kruskal-Wallis test to compare nutritional 
parameters among the bat populations at three locations.

Nutritional
parameters Locations N Mean+SD Kruskal-Wallis 

Test Value

Moisture
Yennehole 24 21.38±15.16

1.934Mutt 6 12.73±4.28
Basadi 6 24.98±17.51

Carbohydrate
Yennehole 24 1.39+0.94

3.325Mutt 6 1.77±0.72
Basadi 6 2.03±0.53

Protein
Yennehole 24 7.99+2.06

17.618**Mutt 6 12.81+4.46
Basadi 6 12.51+1.03

lipid
Yennehole 24 10.18+3.09

16.737**Mutt 6 14.89±1.98
Basadi 6 14.49+0.87

Nitrogen
Yennehole 24 1.38±0.40

15.110**Mutt 6 2.05±0.71
Basadi 6 2.00±0.17

Phosphorus
Yennehole 24 5.95±3.71

16.905**Mutt 6 3.22+1.16
Basadi 6 0.74+0.23

Potassium
Yennehole 24 1.09+0.33

3.491Mutt 6 0.94±0.23
Basadi 6 1.38±0.45

Ash
Yennehole 24 29.82±10.50

15.503**Mutt 6 24.90±9.31
Basadi 6 9.33+2.14
** highly significant at p<0.01

(Yennehole and Mutt - M. lyra population, Basadi - R. rouxii population)



Table.2.5. Multiple comparison by Mann Whitney test (Post-hoc test)

Nutritional parameters Locations p value Remarks

Moisture
Yennehole Mutt .667 NS

Basadi .209 NS

Mutt Basadi .262 NS

Carbohydrate
Yennehole Mutt .374 NS

Basadi .092 NS
Mutt Basadi .421 NS

Protein
Yennehole Mutt .005 HS

Basadi .000 HS
Mutt Basadi 1.000 NS

Lipid
Yennehole Mutt .002 HS

Basadi .001 HS
Mutt Basadi .406 NS-

Nitrogen
Yennehole Mutt .009 HS

Basadi .001 HS
Mutt Basadi 1.000 NS

Phosphorus
Yennehole Mutt .073 NS

Basadi .000 HS

Mutt Basadi .004 HS

Potassium
Yennehole Mutt .402 NS

Basadi .108 NS

Mutt Basadi .150 NS

Ash
Yennehole Mutt .273 NS

Basadi .000 HS
Mutt Basadi .004 HS

HS-Highly significant (p value < 0.01) NS- Nonsignificant (p value > 0.05)

(Yennehole and Mutt - M. lyra population, Basadi - R. roiaii population)



Fig. 2.9 Biomass in autoclaved soil amended
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Fig. 2.8 Effect of guano on shoot and root length of F tgna 
radiata L. in autoclaved soil
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Table-2.6. Root and Shoot length of Vigna radiata L. in autoclaved sod with 
different treatments (T2-T4; autoclaved soil:M.lyra guano)

Treatments Shoot length(cm) Root length(cm) Biomass(gm)

Tl(control) 17.86il.57 11.4511.44 0.0910.01

T2(20:0.1) 20.89±0.75 11.3510.44 0.1210.01

T3(20:0.5) 21.3910.41* 11.1110.58 0.1210.01 *

T4(20:l) 19.43±0.89 11.0710.45 0.10+0.01
*significant at p<0.05
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Fig. 2.11 Biomass in nonautoclaved soil 
amended with bat guano
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Fig.2.10 Shoot and root length in non autoclaved soil 
amended with hat guano
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Table-2.7. Root and Shoot length of Vigna radiata L. in non autoclaved soil with 
different treatments (T6-T8; non-autoclaved soihM. lyra guano)

Treatments Shoot length(cm) Root length(cm) Biomass(gm)

T5(control) 18.47il.57 ll.8il.44 0.09i0.01

T6(20:0.1) 18.88±0.75 8.18i0.44* 0.12i0.003

T7(20:0.5) 20.08i0.41 10.63i0.58 0.12i0.01

T8(20:l) 19.16i0.89 10.94i0.45 O.lOiO.Ol
♦significant at p<0.05
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Table.2.8, Shoot and Root length of Oryzae sativum in soil with different 
treatments (T1-T5; soil: M. lyra guano)

Treatments Shoot length (cm) Root length (cm) Biomass (gm)
T1 (control) 14.25+1.6 6.95+1.6 0.16+0.01
T2 (20:0.1) 25.67+2.13** 5.50+0.67* 0.17+0.01*
T3 (20:0.5) 28.40+1.48** 3.73+0.66** 0.20+0.02*
T4 (20:1) 26.31+0.88** 2.81+0.61** 0.19+0.01**
T5 (20:2) 15.90+1.36** 1.64+0.39** 0.10+0.012**

*significant at p<0.05
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t ig. 2.15 Biomass ot (fryzae sativum grown
in cow (lung amended soil

U.25
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Table.2.9. Shoot and Root length of Oryzae sativum in different soil treatments 
(T6-T9; soihcow dung)

Treatments Shoot length (cm) Root length (cm) Biomass (gm)
T1 (Control) 14.25+1.60 6.95+1.60 0.16+0.01
T6 (20:0.1) 17.71+1.80** 7.18+1.40 0.17+0.01
T7 (20:0.5) 18.71+2.10** 7.10+1.44 0.18+0.01**
T8 (20:1) 22.36+1.80** 6.93+1.30 0.22+0.01**
T9 (20:2) 26.18+1.97** 6.27+1.50 0.21+0.01**

^significant at p<0.05
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