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ABSTRACT - Bat guano is excrements of bats and it is
commonly used in agriculture as a soil amendment and
sometimes as a pesticide in organic farming. Small-scale
farmers nearby guano deposits use it for indoor and outdoor
plants as well as for hydroponic crop production. Guano in
soils acts as a source of carbon (C) and energy to drive
microbial activities as well as a precursor to soil organic
matter fractions. With all these benefits, bat guano should be
used in crop production with some precautions. Chemical
composition and properties of bat guano are not fixed and are
changing with time depending on the maturity, reaction with
the country rock and bat diet. The pH of guano changes from
alkaline to strongly acid with maturity. Similarly, guano loses
some essential plant nutrients on decomposition and
sometimes acquires potentially toxic elements as it reacts with
the host rocks. Amounts added to the soil also vary with
maturity and composition of guano. Thus, utilization of bat
guano as organic fertilizer requires a thorough and regular
characterization at the time of using it as soil amendment for
crop production.
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INTRODUCTION

Bat guano is excrements of bats and is commonly found in
isolated islands and in caves [1]. Many studies indicate that
bat guano is enriched with both macro-and micronutrients
that are required by plants in natural form [1], [2]. In soil,
guano acts as a source of carbon (C) and energy to drive
microbial activities as well as a precursor to soil organic
matter fractions. On decomposition, it releases a number of
essential plant nutrients and also it controls the net
mineralization-immobilization patterns in the soil [2].
However, its chemistry is highly variable. It contains a
varying amount of nitrogen (N), phosphorus (P), calcium
(Ca), magnesium (Mg), potassium (K), aluminium (Al),
iron (Fe) and sulphur (S) [3]. Other elements such as
fluorine (F), chlorine (CI), copper (Cu), manganese (Mn),
molybdenum (Mo), nickel (Ni), zinc (Zn) and cadmium
(Cd) occur in low concentrations. Presence of these
elements in guano is associated with the reaction between
the surrounding rocks (cave wall) and guano solutions.
Most of these elements exist in guano as compounds [4],

[5].

Guano tends to generate secondary minerals that are
beneficial to plant on decomposition. Formation of
secondary minerals such as gypsum and phosphate rocks
help in a long-term availability of nutrients to plants as
these minerals decompose and release nutrients slowly,
hence are of high residual value. Harmful materials such as
urea, which are due to high concentration of urine, can be

volatilized and toxic bases such as sodium and aluminium
can be leached with time. Immature (fresh) guano has little
variations in nutrients concentration due to poor formation
of secondary minerals as a result of low decomposition [6].

In agriculture, guano is reported to be useful in a number of
ways, such as fertilizer material due to high content of
nitrogen and phosphorous [5], [7]. It is reported to contain
2-6% total nitrogen, 1.5-10% available phosphoric acid and
1.5-10% soluble potassium [8]. The concentrations of N, P
and K in bat guano meet the 5% N P K composition set as
criteria for any material to qualify as a fertilizer [4]. It can
act as a soil building material, fungicide (when foliar fed to
plants), control of nematodes through attracting
decomposers which work as biological control agents
against nematodes, as well as a compost
inoculants/activator [9], [10].

Microbes found in guano act as soil cleansers
(bioremediation microbes) that help to clear up toxic
residues, control root pathogens such as nematodes; and
some microbal species such as Aspergillus and Penicillium
spp are known to produce strong mycotoxins
(biochemicals) [11] that repel other microorganisms such as
bacteria, protists, nematodes and dangerous pathogens in
the soil [12]. That is why guano can be used as pesticide in
crop production system. With respect to all benefits listed
above, guano remains a key resource of nutrients for
organic farmers, especially small-scale farmers nearby
guano deposits where it can be used for indoor and outdoor
plants as well as for hydroponic crop production.

Although guano can be used as organic fertilizer, it requires
characterization to assess its suitability for agricultural uses
at the time of application to ascertain its physic-chemical
properties and whether or not they contain potentially toxic
elements (PTEs), which could be of health and
environmental concern.

SOME CHALLENGES WITH BAT GUANO

Variation in Chemical Composition

There are different factors that determine the composition
of bat guano. These factors are nutritional habit of the bat,
age of guano in the cave (guano maturation), amount of
water in the guano, the intrusion of other materials from
outside the cave, and the composition of the bedrock
forming the floor and the surrounding host rocks of the
cave. Thus, chemical composition of bat guano is not fixed,
it varies with time and surrounding environment of the
cave.
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There are some contradictions between scholars on their
studies on guano based on the nutritional habit of the bats.
According to [6], insect eating bat guano has larger amount
of phosphorus than fruit eating bat guano; and protein
containing foods are richer in phosphorous than fruits. On
the other hand, [13] and other colleagues emphasize that
insect eating bat guano has higher nitrogen than fruit eating
bat guano which also was stated by [14] and [15].
According to [16] night bats consume about half of their
own body weight, and the rate of faecal production and
composition reflects the rate of biomass ingested. Minimal
or inadequate ingested level for a given element would
initiate  physiological mechanisms which maximize
assimilation of that element and, therefore, minimize faecal
concentration of that element [17].

Variations in faecal element levels were observed within
sex [17]. This variability was suggested to reflect
differences in physiological status (assimilation efficiencies
in males and females), highly variable composition of
insects available as opportunistic prey items, or poor
selective feeding by the female and male bats. A study done
on female and male big brown bats indicates that there is a
significant decrease in faecal level concentrations of
potassium, calcium, iron and magnesium except sodium,
over the summer; but for female there were no variations
due to time in season except for calcium, which increased
over time. For the nitrogen element, guano from both sexes
contained similar levels [17].

The chemistry of guano is also influenced by its age. With
time in the cave, guano continued to acquire some
additional elements leaching from the surrounding host
rocks. Thus, old and young guano both differ in their
chemical composition. According to [6] fresh bat guano
contains organic matter and total carbon content higher than
in humus guano. Nitrates and sulphates are higher in young
guano (faecal pallets) than in mature guano while calcium,
potassium, aluminum, iron, magnesium, bacteria,
actinomycetes and fungi are higher in humus-like guano
than in faecal pellets. On the other hand, phosphates are
said to be high in both faecal pellets and humus guano [6],
[13]. This could possibly be because phosphorus is found in
the fresh food eaten by bats (fruits, insects and mammals)
and also in secondary minerals formed in the caves after
guano solution has reacted with cave wall or bedrock. Thus,
composition of bat guano varies with maturation.

Where there is no water entering the cave and the
atmosphere is sufficiently humid to promote bacterial
decomposition, guano is likely to contain high nitrates,
potash, phosphoric acid, and soluble salts or a product
richer than the fresh guano, due to the decomposition of the
bulky organic matter. Totally dry conditions, where
moisture is deficient for much bacterial decomposition, will
most probably produce guano with nearly the same
composition as the faecal pellets due to low, if any,
microbial activities [18].
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The amount of water entering the cave does affect the
material more than any other condition. This is because the
soluble constituents are leached down to the bedrock. This
causes phosphates and sulphates to react with the bedrock,
leading to the loss of potash and nitrates in drainage water
[6]. However, if water that enters the cave contains very
little soluble material, and if only a small amount of water
infiltrates through the host rock, that guano may contain
considerable soluble phosphates, gypsum, some nitrates,
and ammonia from the rock. Leached phosphatic guano
may become enriched temporarily by the infiltration of
soluble phosphates, nitrogen and gypsum from other parts
of the cave. The accumulations of gypsum, which
sometimes occur in certain parts of a cave, are obviously
due to the evaporation or leaching from other parts of the
caves [18] - [20].

Apart from the translocation and removal of soluble
materials, water affects the composition of guano by
influencing the course of bacterial decomposition. When
fresh guano is so saturated with water and becomes covered
with a crust of carbonate of lime or a slide of other guano it
undergoes anaerobic bacteria decomposition [18].

The character of the rock forming the cave determines
largely the composition of the leached or phosphatic
guanos. Where the cave is formed in pure limestone guano
consists mostly of tricalcium phosphate [6], [18]. Where
the rock contains considerable amounts of iron, aluminium,
and silica, these elements are brought in by water; that
guano may consist largely of phosphates of iron and
aluminium with siliceous impurities [21], [22]. Thus, the
chemistry of the surrounding host rock can determine the
composition of bat guano, particularly when it contains
soluble minerals that can be leached easily.

Occasionally earthy materials may be carried into the cave
through the mouth of' the cave or through holes (openings)
in the ceiling. When these materials from outside the cave
become admixed with the guano, they decrease its value
[18]. According to reference [20] some materials such as
pollen found in the guano of insectivorous bat may be
brought in the cave through air, seepage, animals or by
night-flying bats and insects meet them in the atmosphere.

Variability in Nutrient Contents

Nutrient contents in bat guano is a function of various
factors including geographical location where the bats and
hence guano is found, bat specie, guano age, type and form
of caves where bats live and type of diet taken by bats [23],
[24]. Reference [17] during summer roosting period they
analyzed nitrogen, sodium, calcium, magnesium, iron and
potassium levels in faeces of some neotropical bats. They
reported that N levels were markedly higher while Na
levels were marginally higher in faeces of carnivores and
omnivores than in frugivores. Calcium levels were higher
and potassium levels were lower in faeces of insectivores.
Also, they reported that total iron levels in faeces of
frugivorous species were marginally lower than in
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carnivores or omnivores furthermore Mg concentrations
was imbalanced in all feeding habits.

Table 1 Variation of some plant nutrients in
Sukumawera and Kisarawe bat guano in Tanzania

N . AmOUnt, %

utrient =, SO Kl KO
P 4067 2032 1485 738
K 553 518 539 431
Ca 583 604 654 362
Mg 019 018 019 019
Ni 004 001 001 <001
Mn 144 064 09 068
Zn 157 063 048 059
Cu 047 014 011 012

Sl= Sukumawera bat guano found inside the cave; SO=
Sukumawera bat guano found near the opening of the cave;
Kl= Kisarawe bat guano found inside the cave and KO=
Kisarawe bat guano found near the opening of the cave.

Reference [25] also observed big variations in nutrient
contents in bat guano from Sukumawera and Kisarawe
(Table 1). Both guanos are from Tanzania and are about
600 km from one another. Guano nutrient contents inside
and outside the caves were also different. In Kisarawe
guano, total P level was lower as compared to that from
Sukumwera; presumably because this guano was relatively
younger than that of Sukumawera guano, so it was less
decomposed and hence poor formation of phosphate
minerals. However, the amounts of P in Sukumawera and
Kisarawe bat guano were relatively higher compared to the
average amounts of 2% to 7% as reported by [26].
Similarly, the amounts of P reported by [25] were higher
than in Makindu bat guano in Kenya that had 3 to 6%,
insectivorours bat guano found in Assaigolli village cave
(0.8 to 3.7%) and Chipongwe cave guano in Zambia
(4.03%) but bat guano outside Kisarawe cave (KO) had low
P (7.38%) than Kapongo cave guano in Zambia (8.41%)
[1], [8], [13]. This implies each deposit has different levels
of nutrients and also nutrients in the same deposits vary
depending on where the sample is taken.

This variation is presumably due to many factors including
change in nutritional habit of the bats as opportunistic prey,
loss through leaching and some chemical reactions that take
place in the caves as time goes [6], [13], [22]. For instances,
analysis done in 1961 and 2004 on the Kapongo cave guano
in Zambia revealed that guano had changed from rich in
nitrogen to rich in phosphorus [8].

Nitrogen, K and Mg in guano appeared to be adequate for
crop production for bats of all feeding habits. References
[26] and [27] reported that the guanobitic and guanophilic
arthropods community was observed that guano contained
high NPK content which help to improve soil quality and
provide nutrients for plant growth. Reference [13] analyzed
nutrients in bat guano (total nitrogen, phosphorus and
potassium) and found higher nitrogen levels than
phosphorus. The NPK was higher in fecal pellets than in
humus guano 7.9:2.4:1.1 and 5.7:2.2:0.9, respectively. In
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comparing with other animal manures (poultry, cow and
sheep manures) [28] reported that bat humus guano was
higher in nitrogen and total carbon was lower resulting in
narrow C/N ratio, while phosphate was more than in cow
and sheep manures.

Reference [29] reported 84.3, 88.4 and 88.8% of organic
matter in guano produced by bats feeding on insects, blood
and fruits, respectively. Studies by [6] conducted in Israel
reported organic matter contents of 60% and 53-65% in
guano produced by bats feeding on fruits and insects,
respectively. From India, [13] reported 45.6% organic
matter content in insectivorous bat guano.

In addition to variations due to bat species, the diets and
geographical regions, organic matter content of guano
deposit also varies with depth where the topmost
centimeters (usually partially decomposed) have the highest
organic matter content. Organic matter content declines
with depth, and is generally completely decomposed within
the top few metres [6], [30]. Upon decomposition of
organic material in the deposit, much of the carbon is
consumed and nitrogen is released. The remaining, largely
acidic, guano materials interact with weathered material in
the cave to form new largely phosphatic, authigenic
(secondary) minerals with other elements such as
aluminum, potassium and iron from the guano [22], [6].

Nutrient Release from Bat Guano

Nutrients in guano are not readily available for plant uptake
as reported by many scholars. They are gradually released
in soil on decomposition. Recent study done in Tanzania
indicates that guano releases P in the soil gradually and
reaches the pick 84 days after application [31]. It implies
that to make effective utilization of P released from guano,
it should be applied in soils at least two months before
planting, to enable the released P to be available in
adequate amounts for plant growth. And thus, it is not a
matter of applying guano in soils and planting crop.

The pH of Bat Guano

References [32] and [33] observed that there is variation in
pH between fresh and old guano deposits. Reference [34]
reported that fresh guano is commonly basic, with the pH
varying according to the volume of urine deposited with
faeces. Fresh guano commonly had a pH of 8.5 - 9.0 that
rapidly became acidic (5.0 - 5.5) with age and depth,
although the centre of guano piles had a stable pH of
around 4. Reference[35] reported that guano contains high
concentrations of nitrogen due to this, the pH of soil can be
lowered if large quantities are applied to the soil over a long
period of time because of building up of nitrogen levels in
the soil. On the other hand, the acidification of soil due to
exchangeable bases (Na, Ca, K and Mg) present in guano is
very small this case causes the pH of soil to remain fairly
constant. In a different way, [36]and [37] reported that
fairly the addition of manure can cause an increase of pH in
soil. Reference [38] also reported that water birds soils have
higher pH due to less accumulation of guano and contain
less N, P, and metals.
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Soil microbes are the source of decrease or increase in
guano pH. This is because the major waste products of
decomposed organic matter and microbial growth are CO,,
CH,, organic acid such as acetic and formic acids, and
alcohol [18]. Formation of sulphuric acids due to the
presence of elemental sulphur that has been oxidized by
sulphur oxidizing bacteria lowers the guano pH [39]. Soil
microbes, such as bacteria, are important agents in chemical
changes in the guano. Their activities also result in the
formation and accumulation of nitrate and sulphate salts
[21], [39]. This increases the pH of the guano. Thus, the pH
of guano should be determined at the time of application.

Presence of Potentially Toxic Elements in Bat Guano
Hazardous health effects of bat guano to the farmers who
use bat guano as organic fertilizer include high risk of
infection and can develop severe histoplasmosis [9], [40].
Rather than containing micronutrients such as Zn, Fe, Mn
and Cu [8], [13] bat guano is the source of heavy metals
like Cd, Co, Ni and Pb which can result in serious negative
consequences, such as the loss of ecosystems and of
agricultural productivity, the deterioration of food chain,
contamination of water resources, economic damage, and
serious health problems in humans and animals [41].

Most of bat guanos are acidic in nature [6], [42]. The
challenge can be when applied to acidic soils, and the
response of crop will not be efficient due to low pH. Also,
variability in their chemical composition, age, diet and
chemistry of country rock can change the composition of
guano. Thus, guano needs a thorough analysis before it is
used by farmers including research on crop response,
application rate based on crop and soil type which guano
should be applied.

Crop Responses to Bat Guano

Many trials done by researchers have indicated that crops
respond differently based on the amounts and source of
guano applied to the soil [13], [14]. Some crops respond
best when grown on soils applied guano at ratio of soil:
guano of 20:1, 20:0.05 or 20:0.01. This implies that trials
must be done to establish the appropriate amount of
application before using any guano in crop production. For
instances, [13] found the highest shoot length, total dry
matter, nitrogen content and nitrogen uptake for finger
millet (Eleusinecoracana) and legume (Phaseolusmungo)
grown on red loamy soil applied guano at ratio of
soil:guano of 20:1. Reference [14] studied the effect on the
growth of Vignaradiata (mung bean) seedlings using guano
from semi-carnivorous bats; the guano came from two
different geographical locations (Varanga and Yennehole)
applied in different quantities (soil: guano; 20:1, 20:0.5,
20:0.1) and in two types of soil (Autoclaved and Non-
autoclaved). Plant growth assay indicated that guano from
Yennehole was found to be better compared to that from
Varanga. Amendment of both types of soil with bat guano
from both locations showed good growth at soil: guano
ratio of 20:0.5. Similarly, [25] in a pot experiment revealed
significant (p < 0.05) increase in nutrients uptake from
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guano by maize with the increase in amounts of applied
guano. However, the best plant performance was observed
at ratio of 20:0.5. Higher application rates of >20:1 caused
poor maize response.
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