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INTRODUCTION

Coffee is the second most important agricultural crop in Puerto Rico.
Available statistics for the years 1949-61 showed an average production per
year of 253,761 hundredweights of market coffee with an estimated value
of 13.6 million dollars. For the year 1959-60, coffee production represented
7.2 percent of our Island’s agricultural gross-production value (6).3

The estimated area devoted to coffee in Puerto Rico is around 160,000
cuerdas.* Most of this land is located in the mountainous west-central part
of the Island. The average production is less than 200 pounds of market
coffee per cuerda. The low production has been attributed to factors such
as inadequate manuring in quality and quantity, too much shade, lack of
selection of planting material, no systematic pruning, mixed plantations
with citrus and bananas, improper soil conservation practices, and insuffi-
cient population per unit area.

The problem of fertilizing coffee is very confused. In 1960-61, coffee
farmers used a total of 11,300 tons of mixed fertilizer, .e., or approximately
142 pounds per cuerda. For the year 1961-62, the fertilizer applied increased
to 14,450 tons 7.e., an average of 180 pounds per cuerda. Fifteen different
fertilizer mixtures were available for coffee manuring (2). The mixtures
varied from a low of 8 units of nitrogen to a maximum of 20. The phos-
phorus had a range from 3 units of P;O5 to a maximum of 12. The potassium
fluctuated between 5 and 20 units of K.0.

The purpose of the work reported here was to determine how different

1 This work was carried on under Federal project H-20. Several have worked on
this project since the beginning, in 1945. The authors appreciate the help of all these
persons, and the cooperation of many farmers as well.

2 Associate Horticulturist, Gurabo Substation; Assistant Agronomist in Charge,
Adjuntas Substation; Research Assistant in Agronomy, Adjuntas Substation; Agron-
omist in Charge, Corozal Substation, Agricultural Experiment Station, University
of Puerto Rico, Rio Piedras, P.R. .

3 Ttalic numbers in parentheses refer to Literature Cited pp. 261-2.

4 A cuerda is equal to 0.97 of an acre.
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levels of nitrogen, phosphorus, and potassium affected the coffee yields.
Observations were also made on the effects of liming on coffee yields.

REVIEW OF LITERATURE

Very little research has been reported from Puerto Rico on the response
of coffee to different levels of major nutrients.

MeClelland (7), working in an alluvial-fan soil, reported a favorable
response of coffee to applications of potash, if accompanied by nitrogen. In
the same work an adverse effect of high levels of nitrogen was observed,
if not accompanied by enough potassium. No response to phosphorus was
observed in the fertilizer test. On the other hand, Gémez, et al. (6), working
in a lateritic soil, found a significant response in yield to phosphorus appli-
cations in coffee under shade. No response to either nitrogen or potash was
obtained. Recently, Abruiia, Vicente, and Silva (1) found that coffee grown
without shade responded significantly to potassium, especially when ac-
companied by nitrogen. Yields of over 1,800 pounds of market coffee per
acre were obtained in the experimental plots.

PROCEDURE

Two sites were selected for the study. The soils were of the Catalina and
Alonso series. Both are heavily leached lateritic soils common in the coffee-
growing area of Puerto Rico.

The Catalina soil was located at an altitude of 1,100 feet above sea level
in the western part of the Island while the Alonso soil was located at 1,600
feet above sea level in the center of the coffee-growing area of the Island.

Uniform seedlings of the Puerto Rico and Columnaris coffee cultivars
were planted at spaces of 8 x 8 and 12 x 12 feet, respectively, at each of the
two sites. Mixed shade of leguminous trees and bananas was used in the
experimental plots. Annual pruning was used to keep the shade at about
50 percent.

Lime was applied to the treatments requiring it, and the pH was in-
creased to 6.5 at the beginning of the experiment. No additional limestone
was applied from there on.

A paired-plot experimental design with 17 treatments and 16 replications
was used in both sets of experiments (3). Cultural practices in common use
at the coffee farms were employed throughout the development of the
studies.

During the picking season ripened berries were harvested at 15-day in-
tervals until the last picking. In the last harvest both ripened and green,
hard berries were gathered at the same time.

Statistical analysis of the data was performed for both the annual crop
and the combined crops. This paper covers 10 years of combined data.
Statistical analyses were carried on at the Statistical Section of the Agri-



TABLE 1.—Response of 2 coffee cullivars to different levels of major nulrients
in a Catalina clay at Maricao

Description of treatments!

Yields

N Po: K0 s | Ppmpe
Lb./A Lb./A Lb./A Cwl./A Cuwt.JA
0 250 250 4.10 3.56
50 250 250 4.78 3.86
100 250 250 4.02 5.26
150 250 250 4.54 5.18
200 250 250 4.74 5.53
250 0 250 5.03 4.76
250 80 250 4.60 4.97
250 100 250 4.23 5.05
250 150 250 4.71 4.54
250 200 250 4.61 5.26
250 250 0 4.14 5.14
250 250 50 5.02 4.19
250 250 100 4.56 4.66
250 250 150 4.49 3.43
250 250 200 4.29 4.59
250 250 250 4.46 5.18

1 All treatments were limed to pH 6.5 at the beginning of the experiment.

TABLE 2.—Response of 2 coffee cullivars to different levels of major nulrients
in an Alsono clay at Caslafier

Description of treatments?

Yields

N P, Ko Gigege | Femmie
Lb./jA Lb.fA Lb./A Cuwt./A Cut./A
0 250 250 3.25 4.36
50 250 250 3.20 4.24
100 250 250 3.70 3.83
150 250 250 3.75 5.35
200 250 250 4.01 5.88
250 0 250 3.82 3.87
250 50 250 3.58 5.98
250 100 250 3.36 4.48
250 150 250 4.27 4.64
250 200 250 3.43 6.04
250 250 0 3.27 4.01
250 250 50 3.96 5.74
250 250 100 4.36 4.43
250 250 150 4.00 5.74
250 250 200 3.67 5.33
250 250 250 5.77 5.15

1 All treatments were limed to pH 6.5 at the beginning of the experiment.
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cultural Experiment Station, following Capé’s method (3). After obtaining

the corrected mean yields for the different increments in the nutrients ap-
plied, a parabolic curve was fitted to the results.
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Fic. 1.—The effects of levels of nitrogen on coffee yields: A, Puerto Rico at Mari-
cao; B, Puerto Rico at Castafier; C, Columnaris at Maricao; D, Columnaris at

Castaiier.

RESULTS AND DISCUSSION

The effects of the different levels of the major nutrients used in the coffee
experiments hereby reported are presented in tables 1 and 2. Since there
was no clear-cut effect of the increases in the levels of nitrogen, phosphorus,
or potassium, a study of the data was made on the assumption of a diminish-
ing return for each increase in the level of each nutrient. The results are

presented in figures 1 to 3.
It is generally accepted that nitrogen is the first limiting element for
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growth and yields in most of the cultivated crops. That should be more
clearly seen under tropical temperature, light, and humidity. In our case,
the results did not confirm this (fig. 1). Only the nitrogen yield curve for
the Puerto Rico coffee at Maricao in the Catalina clay proved to be sig-
nificant. Maximum yields were obtained at 200 pounds of N per acre per
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Fia. 2.—The effects of levels of phosphorus on coffee yields: A, Puerto Rico at
Maricao; B, Puerto Rico at Castafier; C, Columnaris at Maricao; D, Columnaris at
Castaiier.

year, when accompanied by 300 pounds of P,Os and KO per acre per year,
respectively. In the other experiments though there was an actual increase
in yield with the increases in the levels of nitrogen, but none of these increases
was significant.

None of the curves for phosphorus or potassium for either of the two
coffee cultivars at the two locations proved to be significant.

It is difficult to give a definite explanation for the lack of response of
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coffee to the three main nutrients. It is generally accepted in fruit nutrition
that nitrogen and potash are the main limiting elements in growth yield (4).
There is no definite reason for a lack of response of coffee to the three main
elements. Apparently, factors such as variability in planting material, in the
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T'ig. 3.—The efiects of levels of potassium on coffee yields: A, Puerto Rico at
Maricao; B, Puerto Rico at Castafier; C, Columnaris at Maricao; D, Columnaris at

Castaiter.

experimental sites, and in shade may mask the results, requiring a higher
difference in treatments for significant differences in yields.

Liming when accompanied by nitrogen, phosphorus, and potash (table 3)
did not significantly affect the yields. It is considered by most research
workers that coffee is an acid-loving plant, though there is the possibility of
a response to liming in soils in which manganese and aluminum may be pres-
ent in toxic amounts. Under these conditions iron can become the limiting
factor in reducing the yields, thus requiring lime applications or chelated

iron applications 8, 9).



FERTILIZER EFFECTS ON YIELD OF COFFEE CULTIVARS 261

SUMMARY

A set of four experiments with increasing levels of the three main plant
nutrients and liming were established in two lateritic soils at two locations
in the coffee-growing area of Puerto Rico. Two coffee cultivars were used
in the experiments. The results obtained can be summarized as follows:

1. Nitrogen levels significantly affected coffee yields of the Puerto Rico
cultivar in a Catalina clay at Maricao grown under shade.

2. Phosphorus and potassium did not significantly affect the yields of
these coffee cultivars at the two locations.

3. Liming did not significantly affect the yields.

TaBLE 3.—Response of 2 coffee cullivars to lime applications

Adjusted mean yields in cwt./A
Treatments! Alonso clay at Castaiier Catalina clay at Maricao
Columnaris Puerto Rico Columnaris Puerto Rico
12 x 12 ft. 8 x 8 {t. 12 x 12 ft, 8 x 8 ft.
Lime 3.77 5.15 4.46 5.18
No lime 3.11 4.65 4.50 4.32
Difference® 0.66 n.s. 0.50 n.s. 0.04 n.s. 0.86 n.s.
L.S.D. 5 percent .88 2.19 .98 1.15

1 Major nutrients were applied at the rate of 250 1b. of N, P2O; , K20, respectively,
per acre per year.
? n.s. = not significant.

RESUMEN

Una serie de cuatro experimentos con niveles incrementados de los tres
nutrimentos de plantas principales se establecié en dos suelos laterfticos
en dos localidades de la zona cafetalera de Puerto Rico. Se usaron dos tipos
de café, Puerto Rico y Columnaris, en estos experimentos. Pueden resumirse
los resultados como sigue:

1. Los niveles de nitrégeno afectaron &gmﬁcatwamente los rendimientos
de café del tipo Puerto Rico en un suelo Catalina arcilloso, en Maricao, bajo
sombra.

2. El fésforo y el potasio no afectaron significativamente los rendimientos
de ambos tipos de café en las dos localidades. .

3. La aplicacién de cal no afecté significativamente los rendimientos.
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