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Abstract. Many soils of the tropics and subtropics under continuous cultivation are very infertile, thus poor
yields are obtained and little crop residues remain to protect the soils from degrading erosion. External nutrient
inputs in the form of chemical fertilizers, organic materials and other nutrients sources are essential for
developing sustainable agricultural production systems. As chemical fertilizers are costly for developing
countries with insufficient foreign currency for their purchase and their supplies are limited and irregular for
small landholders, alternative nutrient sources must be sought and evaluated for use in dominant agricultural
production systems. Locally available organic materials of different origin are potential sources of nutrients. One
such source with high agronomic potential is guano. The present study was carried out to evaluate the agronomic
effectiveness of two guano materials of different origin (Zaire and Peru) as sources of nitrogen and phosphorus
as compared to chemical fertilizers (ammonium sulfate and triple superphosphate) using isotopic (15N and 32P)
techniques. Using the classical method of comparing dry matter weight and P uptake, no significant differences
among the tested guano sources were found. The use of the isotopic techniques allowed a quantitative
assessment of the N and P supply to crops. Both guano materials were found to be good sources of N but in
contrast were poor sources of phosphorus. In addition, from the agronomic evaluation, it was found that the
guano of Zaire and the ammonium sulfate were N sources of equivalent efficiency and the guano of Peru even
slightly better than the ammonium sulfate. As expected, P in the single superphosphate was as available to the P
in the triple superphosphate. However, the substitution ratios for the guano sources were relatively high. Thus,
1 kg P as single superphosphate was equivalent to 9.5 kg P as guano from Zaire or 12.5 kg P as guano from Peru.
Further field trials in selected locations (soil, climatic and management factors) are required to validate these
findings, in particular their residual effect or their build up effect on soil fertility status with time.

1. INTRODUCTION

Increased intensification of agricultural production in existing cultivated land resources requires the
rational utilization of high agricultural inputs, in particular fertilizers to replace the nutrients removed
by the harvested portion of crops. Thus, in continuously cropped soils with low organic matter there is
a widespread N deficiency and similarly there is a widespread deficiency of P especially in acid soils
of the tropics and subtropics. Sources of N and P must be applied for optimum plant growth and
production of food and fibre. Chemical fertilizers are costly for many developing countries with
insufficient foreign exchange for their purchase. In addition, their supplies are limited and irregular for
small land holders [1]. Alternatives nutrient sources must be sought and evaluated for developing
sustainable agricultural production systems. Locally available organic materials of different origin are
potential sources [2].

Guano materials are natural organic nutrient sources of different animal origin, normally found in
deposits. They may be considered as nutrient sources with good agronomic potential. However, their
nutrient content (NPK and others including micro-nutrients) is highly variable according to their origin
and age. Normally, when fresh and rich in urine, they are mainly a source of nitrogen (12 to 15% N
and 8-10 % P2 05) and when dry and old, they became a good source of phosphorus (15-20 % P205) [3].
Phosphorus concentration relatively increases upon ageing due to a loss of water and ammonia
volatilization. Commercial guano formulations can be prepared adding N and K fertilizers to the old
guano sources. A common drawback with most natural organic sources is the relatively slow nutrient
release with regard to the plant nutrient requirements in particular at early stages of growth. This is
often reported as lack of synchronization between nutrient supply from the organic material and plant
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nutrient demand [2]. In contrast, guano is an organic fertilizer of immediate action because it contains
organic matter at advanced stage of decomposition and thus, undergoes fast nitrification [3]. Currently,
commercial guano sources are available for organic agriculture, in particular for horticultural crops.

Guano deposits of variable origin and magnitude are world wide distributed. A well-known guano
material is the Peruvian reserve, which consist of deposits from seabird droppings located along the
coastline and small islands in the Pacific Ocean. Its fertilizer value was known to ancient cultures of
the Andean region. It was extensively used for the fertilization of monoculture crops under intensive
agriculture and more recently mainly for horticultural crops and gardening [3]. Other guano deposits
of mostly bat droppings can be found in caves in the tropical forests of the African continent. One
such sizeable deposit is found in caves from schist-calcareous material with a karstic drainage regime
in the lower part of Zaire.

Isotope techniques (15N and 32P) permit the quantitative measurement of the N and P nutrient uptake
from nutrient sources. A direct approach is utilized for the labeled fertilizer sources in study whereas
an indirect approach would be applied for unlabelled nutrient sources such as natural organic sources
[4]. Both approaches were used in a network of 15N isotope-aided field trials to assess the N supply
from Azolla, an aquatic fern which can be incorporated to rice paddy [5]. These authors found that
Azolla was equivalent to urea as a source of N to rice, both in terms of N recovery by rice and panicle
dry matter yield.

The purpose of this study was, therefore, to carry out the agronomic evaluation of guano materials of
different origin (Peru and Zaire) in comparison to chemical fertilizers as sources of nitrogen and
phosphorus utilising isotopic (15N and 32P) techniques.

2. MATERIALS AND METHODS

A series of greenhouse experiments was conducted at the FAO/IAEA Agriculture and Biotechnology
Laboratory in Seibersdorf, Austria. Barley (Hordeum sativum) plants were grown in pots containing
2 kg soil. The soil used was a Typic Eutrocrepts with a pH 7.7 in IN KC1, coarse clay loam textural
class, calcareous (14.3% CaC03), medium to high N content and medium level of available P. Detailed
characteristics are described elsewhere [6].

2.1. Experiment I (N experiment)

Three N sources were tested: Guano from Zaire (GZ) with 13.6% N, Guano from Peru (GP) with
4.72 % N and commercial ammonium sulfate (CAS) with 21% N. The N rates of application were
100 mg N/kg soil for the ammonium sulfate, and 210 and 195 mg N/kg soil for the guano from Peru
and Zaire, respectively. A standard treatment without N source application but with the 15N labeled
fertilizer was included as reference for the isotope indirect method [4]. Unlabelled nitrogen fertilizers
were applied to each pot by prior mixing with the soil in a twin blender. At planting, ammonium
sulfate labeled with 5% atom 15N excess was added to each pot in quantities equivalent to 50 mg N/kg
soil. An unfertilized control treatment (ON), without a N source or 15N fertilizer application was
included to gather information on the dry matter yield response to fertilizer N application. Each
treatment was replicated four times in a complete randomized block design.

2.2. Experiment II (P experiment)

Three P sources were used, Guano from Zaire with 4.60% total P, Guano from Peru with 6.28% total
P, and triple superphosphate with 16.1% total P. These sources were applied in quantities equivalent to
80 mg P/ kg soil for the triple superphosphate, and 280 and 67 mg P/kg soil for the Guano from Peru
and Zaire, respectively. A standard treatment without P source was included as reference for the
isotopic technique. All the fertilizers were mixed thoroughly with the soil. Also, the 32P labeled single
superphosphate with a specific activity of 20 MBq (0.5 mCi) 32P/g P was applied at a rate of
50 mg P/kg soil to all the treatments. Experimental design is similar to that before described for the N
experiment.
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In both experiments the guano sources were applied at a much higher N or P rates than the chemical
fertilizers considering that they are organic materials, which need to be mineralized before they can
release N or P available to plants.

Potassium and other nutrients were supplied as nitrogen/phosphorus-free Hoagland nutrient solution at
a rate of 30 ml/pot each week. Pots were maintained at a moisture content near field capacity
throughout the experiment. Plants were maintained in the greenhouse at a mean day/night temperature
of 25/20° C and 50-70% humidity. Harvesting was performed at 11 weeks after planting by cutting the
aboveground plant material.

For the N experiment, the harvested plant material was oven-dried at 70° C for 48 hours. Plant samples
were finely ground and analyzed for total N and the N isotopic ratio on a 1500 Carlo Erba Automatic
Nitrogen Analyzer coupled to a SIRA mass spectrometer [7].

In the P experiment, the harvested plant material was cut into small pieces and oven-dried, ashed
and dissolved in HC1 for the determination of the 32P activity of the samples by Cerenkov counting
using a liquid scintillation analyzer Canberra Packard model 2000. Total P was determined using
the vanadomolybdate yellow method [8].

Nutrient uptake was estimated from the N and P nutrients cumulated in the plant. Isotopic parameters
were estimated using the isotopic data obtained using 15N and 32P as tracers [4].

The A value is a quantitative measure of the available amount of a soil nutrient in terms of a standard.
In practice this is done by using an isotopically labeled fertilizer standard because it gives a direct
measurement of the proportion of nutrient that was derived from the standard fertilizer. This technique
has been further extended to estimate the available amounts of nutrients in fertilizer sources, which
cannot be labeled. In this case the nutrient (N or P) in the plant derived from a labeled fertilizer must
be determined in presence and absence of the unlabelled fertilizer source under study. Thus a pair of
treatments is needed to make such a quantitative estimate [9].

In the N experiment, the standard treatment involving soil and the 15N labeled ammonium sulfate is
used to estimate the A nitrogen value of the experimental soil. In each of the other treatments, besides
soil and the 15N labeled ammonium sulfate, the unlabelled N sources in study, i.e.: commercial
ammonium sulfate, guano of Peru and guano of Zaire are added respectively. For these treatments the
estimated A values represent the combined available amounts of nitrogen from soil and the unlabelled
fertilizer source. Finally the A value of nitrogen from the unlabelled source can be obtained by
difference [4]. Similar procedure has been applied in the P experiment to assess the available amounts
of P from the guano sources.

For the agronomic evaluation, the substitution ratios, i.e. kg N or P as guano sources equivalent to 1 kg
N or P of the fertilizer standard used, were estimated. Since the nutrient content (% N or P) of the
guano sources and their application rates are known, one can then calculate how many kg. of the
guano source would supply the same amount of nutrient (N or P) to the crop as 1 kg of the fertilizer
standard (ammonium sulfate or superphosphate) under the experimental conditions [4].

Analysis of variance was performed on the yield and isotopic parameters for each of the experiments
and comparisons between means of treatments for the various measured parameters were made by the
least significance difference (LSD) test (P<0.05).

3. RESULTS AND DISCUSSION

3.1. Guano as a source of nitrogen

Dry matter yield and nitrogen uptake for the N treatments is given in Table I. Both parameters for
the fertilized treatments were significantly higher than the unfertilized control (ON). However, there
were no significant differences in dry matter yield between the N sources (treatments 2, 3, and 4).
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The N uptake increased significantly over the control (ON) with the addition of N fertilizer treatments.
These increases were greater for the guano treatments. This is very likely due to both the higher N
rates of application and the faster nitrification rates of the N of the guano [3].

TABLE I. SHOOT DRY WEIGHT AND N UPTAKE OF BARLEY FERTILIZED WITH
GUANO SOURCES (N EXPERIMENT)

N fertilizer treatment
Shoot dry weight

g pot"1
N uptake
mg pot"1

15N-labelled ammonium
sulfate (15N-AS)
15N-AS + commercial ammonium sulfate
15N-AS + GUANO (Peru)
15N-AS + GUANO (Zaire)
Unfertilized control
LSD (0.05)

7.28 135

7.62
8.15
7.99
5.61
1.48

187
247
224
76
28

In Table II, the values of nitrogen in the plant derived from the 15N labeled fertilizer (Ndff) are
reported. A significant decrease of the Ndff values was observed when comparing the standard
treatment (29.4%) and the guano treatments (11.3-13.5%). This so-called "dilution" effect is due to the
extra N available to the plant in the guano treatments. This is also reflected in the magnitude of the
estimated A values (available amounts of nitrogen expressed in ammonium sulfate equivalent units)
for the N treatments. The available amount of N from the soil, i.e., 242 mg N pot"1 estimated from the
standard treatment. For the fertilizer N sources treatment, the estimated A values represent the sum of
the available amounts of N from the soil and the added unlabelled N source and were therefore much
higher. The A values were 785 and 644 mg N pot"1 for the guano from Peru and Zaire, respectively.

TABLE II. NITROGEN IN THE PLANT DERIVED FROM THE LABELLED FERTILIZER
AND ESTIMATED A VALUES

N fertilizer treatment

15N-labelled ammonium sulfate
(15N-AS)
15N-AS + commercial ammonium sulfate
15N-AS + GUANO (Peru)
15N-AS + GUANO (Zaire)
LSD (0.05)

Ndff
(%)

29.4

17.8
11.3
13.5
1.9

AN values
mg N pot"1

242

463
785
644
44

Comparing the guano sources, guano from Peru showed the highest amount of plant available
nitrogen, i.e.: 785-242=543 mg N pot"1. This is likely explained by the fact that this source contains
several plant nutrients other than nitrogen, which might have influenced a better plant growth and
nitrogen uptake by the crop [3]. The guano from Zaire had a lower amount of plant available nitrogen,
i.e.,: 644-242 = 402 mg N pot"1.
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Table III displays the data from the agronomic evaluation which was based on the estimated
substitution ratios, i.e.: kg N as product equivalent to 1 kg N of the fertilizer standard, ammonium
sulfate in this case.

TABLE III. AGRONOMIC EVALUATION OF GUANO MATERIALS
AS SOURCE OF NITROGEN

Fertilizer N sources

Ammonium sulfate
(commercial)
Guano (Peru)
Guano (Zaire)

Nrate
(mg N pot-1)

200

420
390

AN Values
(mg N pot"1)

221

543
402

Substitution ratio
(kg N as material

equivalent to
l k g N a s A S

0.90

0.77
0.97

The substitution ratio for the guano of Zaire is almost similar to that of the commercial ammonium
sulfate (a chemical N source). The guano of Peru is even better than both of them, as mentioned
above. Some organic materials with low C/N ratios and/or advanced stages of decompo-
sition/composting are reported to be equivalent to inorganic N sources in supplying N to plants [2, 5].

3.2. Guano as a source of phosphorus

The dry matter and P uptake data are presented in Table IV. The application of P fertilizers increased
significantly both dry matter and P uptake of plants over the check treatment without P. However, no
significant differences in dry matter or P uptake were found among the P fertilizer sources in study.

TABLE IV. SHOOT DRY MATTER AND P UPTAKE OF BARLEY FERTILIZED WITH
GUANO SOURCES (P EXPERIMENT)

Dry matter yield P uptake
P fertilizer treatment g pot'1 mg P pot'1

32P labeled Ordinary Superphosphate (P-OSP)
32P-OSP + triple super
32P-OSP + Guano (Peru)
32P-OSP + Guano (Zaire)
Unfertilized control

LSD 0.05

8.10
7.85
8.46
8.38
5.61
0.95

20
22
21
19
12
4

The isotopic data (Pdff values) and derived parameters are shown in Table V. As mentioned before for
the N experiment, the magnitude of the decrease in Pdff of the P fertilizer treatment compared to the
standard treatment (Pdff = 42%) is an indication of its relative P availability to the plant.
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TABLE V. PHOSPHORUS IN THE PLANT DERIVED FROM THE LABELLED
FERTILIZER AND A VALUES

Pdff AP values
P fertilizer treatment (%) (mg P pot' ')

32P-labelled Ordinary 42.0 166
Superphosphate (32P-OSP)
32P-OSP + triple superhosphate 27.0 326
32P-OSP + Guano (Peru) 3 6.2 211
32P-OSP + Guano (Zaire) 40.0 180
LSD 0.05 3.9 43

In this case, the highest decline was observed for the water-soluble P source, i.e., triple superphosphate
treatment (Pdff= 27%). The effect of the addition of guano, though significantly different, was smaller
indicating that the P forms in the guano were less available. This may be due to inherent
characteristics of the guano sources and/or the properties of the soil used (alkaline pH, calcareous,
medium content of available P), thus reducing its P availability to plants [10, 11].

The A value of the soil was 166 mg P/pot and it was not significantly different from the A values of
the guano treatments (Table V), indicating that very little P was plant-available from the guano
sources. The highest A value, i.e.: 326 mg P pot"1, was obtained for the triple superphosphate treatment
due to the available P supplied by the TSP.

The agronomic evaluation of these sources is shown in Table VI. The P in the single superphosphate is
as available as the P in the triple superphosphate. This is explained by the fact that both are water-
soluble P fertilizers and have similar P availability to plants [10]. However, the resulting substitution
ratios for the guano sources are 1 kg of P as single superphosphate is equivalent to 9.5 kg P as guano
from Zaire or 12.5 kg P as guano from Peru. These values are relatively high, confirming the low P
availability from these sources compared to the superphosphate.

TABLE VI. AGRONOMIC EVALUATION OF GUANO MATERIALS
AS SOURCES OF PHOSPHORUS

Substitution ratio
Fertilizer P P rate AP values kg P as material equivalent to
sources (mg P pot'1) (mg P pot'1) kg P as OSP

1.03

12.40
9.50

Triple
superphosphate
Guano (Peru)
Guano (Zaire)

165

558
133

16C

45
14

4. CONCLUSIONS

These preliminary studies were carried out to study the relative agronomic effectiveness of these
guano materials as sources of N and P to plants in comparison to chemical fertilizers. This evaluation



should be done with organic materials of different origin and composition before their application in
agricultural systems. In this case, both guano materials are good sources of N comparable to the
chemical fertilizer ammonium sulfate but poor sources of P with respect to TSP. This quantitative
assessment has been possible to be made through the use of isotopic (15N or 32P) techniques. Using the
classical method of comparing dry matter weight and P uptake, no differences were found among the
tested guano source. These results should be further validated in a network of field trials in selected
locations reflecting predominant soil, climatic and local management practices, in particular to
evaluate their residual effect or their "build-up" effect of the P fertility status with time.
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