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No. 109 

April I, 1915 

BAT GUANO 

In early times, when agriculture was still practiced by rule of 
thumb, the value of guano as a natural fertibzer was understood and 
taken advantage of by the dwellers in semi-arid lands, where alone 
deposits of this material are possible. The active exploitation of 
the largest of these deposits, however, began first in the forties of 
the last century, after the teachings of Liebig and others commenced 
to have their influence on the every-day practices of the farmers of 
Europe. Since then all portions of the world have been scoured and 
much of the store of natural fertilizers has been exhausted, mc1udmg 
among others, the great deposits of guanos that had accumulated 
for ages from the droppings of myriads of fish-eating sen. birds. But 
there still remains, and is being accumulated continually in the caves 
of semi-arid lands, considerable bat guano, These lesser deposits 
are quite common in the mountains of the Southwest. In the east· 
em, more humid regions of the United States, where decomposition 
and nitrification are rapid, bat cave deposits contai.a relatively httle 
organic matter, but large amounts of nitre. Some of these, such as 
the Wyandotte Cave in Indiana, during the war of 1812, were im· 
portant sources of saltpetre for the manufacture of gunpowder. 

Bat guanos originate from the excrements and dead bodies of 
these small insectivorous animals, mix.ed with the wings and Chlti· 
DOUS rtmains of the innumerable insects on which they feed. When 
not too badly decomposed, bat guano is readtly identified even. in 
mixed fertilizers by the small hard pellets of excrement, the remaInS 
of insects, and the soft dOWDY fur of the bats themselves which col
lects in a mass in the sampling sieve. 1he odor of bat guano, wh~ 
not badly decomposed. is p;:culiar .and characteristic. Com:tnerclal 
fertilizers branded as bet guaJlCIS, have been shipped into the State, 
oCQil.Sionally, and refetred to u.s fat examination by ~he purchaser. 
Some of these were a~y straight bat guanQ$, while others were 
mind fe.:rtili.ze.rs contdPug not only bat guano but ground bone, 
Chile Nl~ aad ~M ~ 14 OXLe case the purchaser of a 
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mixed fertilizer wns h~d to suspect that lIe was being sold ground 
hoof and horn by the presence of the insect remain,> accompanying 
the bat guano llsed. Fish guano, so-c:-alled, is a phosphatic nitro· 
genous material prepared from refuse in the packing and fish oil 
industries, or from otllcrwise worthless species of fish taken for the 
purpose. 

In fertilizing constituents bat guano contains morc nitrogen and 
less phosphoric acid, when in a good state of pres('fYation, than the 
bird guanos from tlle arid islands and coasts of wesll-rn South Amen· 
ca, that formerly entered commerce as Puuvian guano. Potash is 
the minor constituent in all guanos, amounting to one or two percent 
and adding but little to their value. Old and decomposed deposits 
of bat guano contain less nitrogcn and more phosphoric acid than do 
the fresher ones, and resemble wore nearly the bird guanos. The 

objection to bat guano is sometimes offered by fcrtilizer manufac
turers that it contains quantities of insect wings and other hard parts 
that increase the percentage of nitrogen but are quite as insoluble as 
ground horn or hoof, and not readily available as plant food. This 
objection is well taken; and the writer bas observed the bronze
green wings of the common June bug in their original brilliancy after 
having lain on moist garden soil from August tilt the following 
spring. 

The effects of decomposition are illustrated well by two samples 
from Douglas, Arizona, taken from the inner and outer chambers 
of the same cave. Neither sample bore any physical resemblance 
to bat guano, and the material from tllC inner cavc was believed to 
have been burned; it was so light in color. Evidently, however, it 
had not been burned, since there still remained enough organic mat
ter in the presence of the nitrate to scintillate whell heated in a 
crucible. The samples gave the following analyses: 
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laboratory No

4758
4759.

Outer chamber
Inner chamber

Nitrogen,
percent

1 75
2 75

Phosphoric acid
(^205), percent

21 95
14 10

The nitrogen in these samples was present almost entirely as
calcium nitrate. This probably gives some indication as to the ori-
gin of beds and seams of hydrous calcium nitrate—the mineral known
as nitrocalcite—such as occur two miles above Winkleman in the
railroad cut facing the Gila River,* and in the Whetstone Mountains
east of Tucson. By bacterial action the nitrogenous matter of the
guano undergoes final nitrification, and the resulting nitric acid
combines with the calcium of the limestone floor, forming nitrocalcite.
This material then alternately liquefies and solidifies until it concen-
trates in beds and seams. Similar flattening of a mass of native
nitrocalcite has been observed in this laboratory as the result of
alternate liquefying and solidifying due to atmospheric changes.

Another sample of supposed bat guano ash sent from Solomons-
ville, Graham County, Arizona, proved to be a mass of sand and
gravel loosely cemented by what seemed to be a fused silicate, easily
decomposed by acid. There remained only a slight trace of phos-
phate and 0.3 percent of nitrogen in the form of calcium nitrate.
This may have resulted from the conflagration of organic matter
with cave nitre, but it is difficult to account for the disappearance of
the phosphoric acid. Recently two samples of similar material,
presumably residues from ancient bat guanos, were received from
Yuma, Arizona. Both samples contained considerable phosphate,
but only traces of nitric nitrogen, amounting to .05 percent or less.
One of these was impregnated with about five percent of sodium
chloride and sulphate, which probably led to the belief that thef
material contained commercial amounts of nitre. Under certain
conditions of formation that have not been studied at the cave, bat
guano becomes dense and has the appearance of cinder or clinker. A
sample of this type recently sent us and said to have originated in a
bat cave near Mesa, Maricopa County, was found to be an aggregate
of black, glassy nodules formed about irregular tubular cavities.
An analyis showed only 3 percent of nitrogen and about 55 percent
of mineral matter. It was free from appreciable amounts of nitrates.
The high content of organic matter precluded its formation by fire.
The general appearance of the hand specimen would scarcely have
given a clue to its origin; yet its association with bat guano seemed
to indicate its formation from that material.

Great variation in composition is characteristic of bat cave de-
posits; although, due to the feeding habits of bats, the pure guano
probably is quite uniform. This variation is due to the state of
decomposition, and to admixture of sand and small rocks, fertilizer
manufacturers inform us that bat guano produces excellent goods, but

*A deacriptiUto of the WjBntehnpn ttitrocalcite seams is given in Guild's "The Mineralogy of
,** 1-010, p. 81 y quoted In U. S. Geol. Survey, Bui. 523, p. 27.
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that the raw material is entirely unreliable in composition, and ship-
ments from the same individuals have varied from^ eighteen to two
or three percent of ammonia. This variation requires close control
of the mixing and frequent changes in formulas, which, together with
the presence of rocks, and the caked and otherwise undesirable con-
dition in which bat guano is often received, has not tended to make
it popular with the manufacturers.

In our examination of samples from numerous deposits in Arizona
and northern Mexico, we have observed even greater variations than
those just stated. One sample of scrapings from the walls of a cave,
consisting probably in large part of dried urine, contained 33.34
percent of ammonia, while another sample from Naco, Arizona, which
was submitted to us as bat guano, contained only 0.12 percent. Cave
deposits commonly average from 9 to 14 percent of ammonia, al-
though one large deposit in Pima County averaged about 17 percent
as shipped. Phosphoric acid in a small number of samples of mer-
chantable bat guanos which we have analyzed for that constituent
has varied from 2.5 to 6 percent. The following table illustrates
the varying composition of cave deposits as sampled and submitted
for analysis by shippers.

Laboratory No.

3642
3637 .
"3932
4222
4030
4126 . . . . . . . , , .
5023
5024
5025
5026

Source

Pima County
t<
a

Maricopa County
t<

Gila- County
Cochise County

,-,
{<

Nitrogen

percent
12.70
14.72
9.18
8.68

14.60
10.34
9.7
3.58
2.18
1.92

Ammonia
NH3

percent
15,42
17,87
11.15
10.54
17,73
12 50
11 8
4.35
2 65
2.33

Phosphoric
acid P20s
percent
4.05

5 86

2 58
2 53
2 22
1.00

MARKETING OP BAT GUANO

Unmanufactured fertilizing materials are purchased on the basis
of their content of nitrogen (or ammonia),potash, and phosphoric acid,
prices being quoted per unit, by which is meant percent to the ton.
In the case of bat guano and similar materials, this is understood to
mean their composition on arrival at the factory, since in moist
climates they absorb water rapidly and give off considerable amounts
of ammonia. The best markets for bat guatio are now found on the Pa-
cific Coast. They not only pay higher prices, but are more accessible to
southwestern deposits than are the cheaper eastern markets, where,
moreover, allowance for potash and phosphoric acid is seldom made*
Quotations at this time(April, 1915)for bat guano In good mechanical
condition, dry and free from lumps, rocks, and other foreign material,
are $3.04 per unit for nitrogen ($2,50 ammonia), 50 to 60 cents pa*
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tmit for potash (KsO) and 50 cents per unit for phosphoric acid
(P2O*) f. o. b. the factory. As an illustration, the first sample in
the preceding table would be paid for at the rate of $38.61 for the
nitrogen and $2.03 for the phosphoric acid with possibly a very small
allowance for potash, making about $43 a ton. Similarly, the last
sample would be valued at about $7 a ton, and, on account of its
low grade, probably would be rejected entirely. The cost of sacking,
loading, and transportation remains the same in either case. Thus,
it is ^ evident that shippers who are not sufficiently experienced in
judging bat guano from its physical appearance may meet with dis-
appointing losses unless they send carefully taken samples to the
buyers for analysis before making the main shipment. We have
known shippers to exploit caves and bring the material to the rail-
road, only to learn that there was insufficient high grade guano to
make a car lot. This is apt to happen especially where the removal
of a deposit is left to inexperienced and disinterested persons. A
car of low grade material often has lost more than the profits of a
previous successful shipment. Guano may contain at times so much
water that the shipment would be unprofitable. Wet guano should
be dried and crushed before sacking. One sample sent to this labor-
atory contained nearly sixty percent of moisture, which would make
it low grade. After drying, it contained nearly twelve percent of
nitrogen.

The Experiment Station cannot undertake the valuation of
guano that is intended for shipment to manufacturers. Control
analyses will be made by commercial laboratories.

The price of fertilizer constituents to the consumer varies some-
what in different places and in different brands, but we may say con^
servatively that nitrogen of equal availability would cost the eastern
farmer twenty cents a pound and the phosphoric acid four cents a
pound. Thus, the retail selling price of the first sample which ̂ w|
have just considered would be approximately $54 a ton; and, adding
to this the return transportation charges, we find what its cost will
be to Arizona farmers when they begin to bring in commercial fertil-
izers. Every pound of bat guano lying in the caves of the Southwest
has a far greater value to local farmers than the manufacturer ever
can afford to pay. Those who have deposits should first try every
means to find local consumers before sending this material from the
State. It can be used by orchardists and market gardeners to good
advantage if simple precautions are taken to avert the danger of
burning their trees or plants by the free ammonia evolved when bat
guano in masses becomes wet. We are often prepared to furnish
addresses of parties who have guano to market.

CARE AND USE OP BAT GUANO

Bat guano and other manures are subject to considerable losses
of ammonia when stored, even in a dry climate. This loss becomes
of greater importance in moist climates. An experiment tried in
this laboratory with a ten-pound sample of horse manure exposed
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to the hot sun during the rainless period of late spring and early sum-
mer, then preserved in a dry place until the following spring, showed
a loss of 8.38 percent of the total nitrogen present in the original
manure. Similar losses with bat guano are evidenced by the odor
exhaled, which becomes very ammoniacal when the material is damp-
ened. This appears to be due mostly to chemical changes in the
nitrogenous materials, since fresh bat guano contains a relatively
small amount of ammonia or its compounds. A sample of bat guano
that contained nitrogen equivalent to 17.73 percent of ammonia
was examined by the writer and gave, when distilled with water,
only 0.17 percent of free ammonia, and when distilled with magne-
sium oxide an additional 0.57 percent of ammonia as ammonium
salts. Another more decomposed sample gave 0.37 and 0.82 per-
cent, respectively, for free and combined ammonia. However, when
2.5 grams of this guano was fermented for three days with 10 c. c.
of water and 2.5 grams of soil, 4.0 percent of free ammonia was ob-
tained. In handling Peruvian guano heavy losses were often met
from such fermentations when the guano was wet with sea water.
Sulphuric acid was sometimes applied to prevent this loss. Similarly,
gypsum, kainit, iron sulphate, and acidulated phosphates have been
applied to prevent the escape of ammonia from stable manures.
The writer conducted a short series of tests with a view to fixing the
free ammonia and to reducing the danger to plants caused by it
when guano was applied in excessive amounts. Gypsum was mixed
thoroughly with the dry bat guano before moistening, with the result
that only a small amount of ammonia was fixed, regardless of the
excess of gypsum used. These results are shown in the Table, in
each case like amounts, 2.5 grams of guano and 10 c. c, of water,
being used, and fermentation carried on for about three days in dis-
tilling flasks under otherwise like conditions. ^

Grams of
gypsum

used,

None
1 25
2 50
5 00
7.50

Percent of
free ammonia

obtained

4 00
3 33
3,17
3 38
3.27

The tendency of guano, when fresh, to deteriorate rapidly seems
to indicate that the caves should be emptied at more frequent inter-
vals and used locally. Old deposits, however, probably are not
deteriorating very rapidly since the losses are suffered more by fresh
guano. An instance has been called to our attention in which a cave
has been provided with a board floor, which permits the removal,
at intervals, of very clean and high grade gtiano. The cave is said
to yield its owner a regular and profitable income.
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Occasional complaints are heard from orchardists and gardeners
who have applied bat guano to their plants with disastrous effects.
Generally this has been found due to using it in too large amounts,
and not incorporating it thoroughly with the soil. In one instance
about a tablespoonful of guano was placed in the hole in setting out
young plants and all were killed. This will happen in every case
where it is allowed to accumulate in masses, since the ammonia
evolved is volatile, and caustic in its effects. As is sometimes the
case with stable manure, plants may be killed by piling damp guano
near them. Great care should be exercised not to leave sacks of
bat guano standing in orchards or gardens where they may be wet by
rain or irrigating water. Not only will much of the strength of the
fertilizer be lost, but neighboring trees and other plants may be killed.

A set of experiments with pot cultures and field rows was con-
ducted by the writer to test the dangers due to using large amounts
of bat guano. The sample used contained 11.0 percent ammonia
and 5.14 percent phosphoric acid. In the pot experiments this guano
was applied to virgin mesa soil at the rate of 500, 1000, and 2000
pounds to the acre incorporated evenly with the surface inch of soiL
Tobacco, chili, and tomato plants were set in the pots and showed no
toxic effect. In all cases the fertilized pots produced a stronger,
more vigorous growth than the unfertilized check pots. The same
concentrations were applied in field rows, only the guano was con-
centrated in the rows, which were thirty inches apart. The weather
was very dry and hot, but the plants were shaded and irrigated
copiously. Very few plants of either tobacco, chili, or tomatoes
were able to establish themselves; most of the plants wilted and died.
The experiments serve to show that bat guano may be applied with
safety in far greater amounts than used in practice without fear of
killing the plants, provided, however, it is thoroughly incorporated
with the soil and not allowed to become concentrated in small masses.

Among Arizona farmers the opinion that their soils are suffi-
ciently fertile, and in some instances that they are over-fertile, is not
uncommon. It is true that certain plant foods usually are present in
sufficient amounts, and that considerable fertility is brought to the
soil with the irrigating water, especially with floodwaters and silty
stream flows. Because of these false impressions our natural re-
sources in native fertilizing substances, such as b it guano and stable
manure, are being wasted at home or shipped away to our neighbors
who appreciate their value more keenly than we do. ^ The citrus
fruit growers are becoming more and more interested in fertilizers
for their groves, and in some instances have gone to considerable
expense in applying to their lands low grade cave deposits and earth
from sheep corrals, which chemical analysis has shown to have a
very low value, while thousands of loads of chip dirt and stable
manure are used to improve, temporarily, sandy stretches of roads,
or are strewn about city lots to become the breeding places of disease-
carrying flies. The nitrogen alone in one ton of mesquite bark on
the fertilizer market would be rated at from 15 to $8, and the fertilizer
constituents in one ton of waste dry stable manure has a market
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value of at least $2.50. Virgin fertility is not inexhaustible—it never
has been in other lands, but we have the resources at hand to con-
tinue our prosperity indefinitely. When we learn to appreciate the
value of these resources we will cease to build roads and breed flies
in manure worth $2.50 a ton, to burn our straw and weather-damaged
alfalfa, and to ship away our bat guanos for a fraction of their worth.

A. E. VINSON.


