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FIGURE 9. Plot showing 4-year-old dehorning cycle.

Adjoining trees in the row receiving different fertilizer schedules were
separated by digging a shallow trench to prevent cross feeding. However,
the different-age rows were not trenched as the fertilizer was spread along
the row and it was not felt that cross feeding bet\veen rows would be a
serious problem.

In table 11 it is seen that the average rate of fertilization of the four rows
of the dehorning cycle is the same as the annual rate applied to the Kona
check trees. The rates of application to the dehorned trees were based in
part on observation and experience gained from the previous experiment
as well as upon the close spacing practiced.

Presentation of Results

Because of space limitations the experiment may be considered only as
an observation test of the growth and yield as well as other responses of the
trees. The trees grew unusually well under the fertilization programs and
in no way seemed to be adversely affected by the dehorning.

During the course of the experiment, from 1949-1956, it has become
apparent that (a) when the 4-year dehorning cycle is employed the 8-foot
spacing bet\veen rows is too close, particularly under the soil and climatic
conditions of the station; (b) the so-called Kana checks adversely affected
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adjoining test rows by shading; and (c) a 1, 3, 2, 4 sequence of pruning the
rows might be of greater advantage from the standpoint of competition
between rows and of greater efficiency of sunlight utilization. It was felt
that the yield of the 3- and 4-year-old rows was somewhat restricted by
mutual shading as well as by shade from the Kona check rows, when adjacent
to the 3- or 4-year rows. Nevertheless, it seems worthwhile to present the
data for the different age trees in the dehorning cycle and for spacing within
the row with the above limitations in mind.

FIGURE 10. Two rows of the 4-year dehorning cycle showing the 4-year-old row of the
previous year having been dehorned and the renewal verticals developing to form the
new 1-year-old trees. At right is the 2-year-old row that was dehorned 1 year previously.

ote the excelJent growth of the 2-year-old row which will produce at the rate of 40 to
50 CWT/ A of cherry coffee.
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TABLE 10. Number of Trees Per Acre at 4-, 5-,6-, and 8-foot Spacing in
the Rowand 8 Feet between Rows

Spacing Feet

8X4
8X5
8X6
8X8

Number of Trees Per Acre

1,361
1,089

907
680

TABLE 11. Fertilizer Schedules Followed for Each Age Row of Trees

Fertilizer Treatment Schedules

Age of Tree A B C

Years lb. per acre lb. per acre lb. per acre
1 400'" 600'" 400'" 200t
2 800 1200 800 400 lb.
3 1400 2100 1400 700 lb.
4 1400 2100 1400 700 lb.

Kona Check 1000 1500 1000 500 lb.

"'The basic fertilizer was a 10-5-20 (N-P.05-K20) formulation applied in two applica­
tions, Jf on March 1 and J~ on June 1.

tSupplementary ammonium sulfate was applied Ji on April 15, Ji on July 15, and
Ji on September 1.

The field and the design are such that no differences due to fertilization
were apparent. '"

Yield Data

The yield data for two complete harvests are presented in table ]2 as
CWT cherry coffee per acre by age of row per plot without regard to differ­
ential fertilizer treatments. The 1-, 2-, 3-, and 4-year-old rows of 1955
becoming the 2-, 3-, 4-, and l-year-old rows, respectively, of 1956. The
average yield of rows 1 to 3 years of age, inclusive, and of rows 1 to 4 years
of age, inclusive, are given in the table in order that comparative yields of
the 4-year and of a probable 3-year cycle may be compared. Obviously,
however, the yield of a 3-year dehorning cycle might be quite different
from that of the first 3 years of a 4-year cycle. The yields of the rows of
trees trained to the Kana system at the various spacings in the row are
given in column 3 of the table. Further limitations in the data are indicated
in the table.

With these reservations and those noted in the table, a study of the data
revealed very little if any effect of spacing in the row upon yield. The Kana
trained spacings were unreliable because of obvious field defects. The
dehorned rows also showed little or no practical difference in yield due to

"Data for 1956-57 when combined with those of the crops reported herein show sta­
tistically significant increases in yield due to fertilizer schedules Band C over A, thus
substantiating earlier work (page 28).
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TABLE 12. Yield of Cherry Coffee of Trees Pruned to the Kona System and of the Rows of Trees in a 4·Year Dehorning Cycle
When Planted at Four Spacings in the Row with Rows Eight Feet Apart

Spacing of Dehorning System
Harvest KanaPlants in Year System l-Year-Old 2-Year-Old 3-Year-Old 4-Year-Old Av. Rows Av. Rows

Row Row Row Row Row 1-3 Years 1-4 Years

Feet CWT/A CWT/A CWT/A CWT/A CWT/A CWT/A CWT/A

4 1954-55 191.4"t 0 53.6t 352.3t 244.0t
1955-56 188.8" 0 47.0 347.5 181.7
Av. 190.1" 0 50.3 349.9 212.8 133.4 153.2

5 1954-55 131.0 0 56.9 326.1 217.9
1955-56 189.5 0 45.5 331.6 188.3
Av. 160.2 0 51.2 345.6 203.1 132.3 150.0

6 1954-55 151.6 0 39.8 357.1 187.8
1955-56 171.5 0 44.7 328.3 184.7
Av. 161.6 0 42.4 342.7 186.2 128.4 142.8

8 1954-55 124.1t 0 29.0t 269.5:1: 189.8
1955-56 99.8t 0 33.0t 260.9:1: 190.3
Av. 144.0 0 31.0 265.0:1: 190.0 98.7:1: 121.5:1:

"High yield due to outside position of one row.
tFigures represent the average of duplicate plots.
:l:Low yields due to poor soil condition at one end of field.



spacing within the row when the 3-row and 4-row averages are considered
with the possible exception of the 8-foot spacing which was low because
of other factors in addition to spacing. With 50 percent more trees per acre
there was little if any yield advantage of a 4-foot over the 6-foot spacing.
Perhaps the close spacing between rows minimized differences in spacing
within rows.

Of particular significance were the extremely high yields of the 3-year-old
dehorned trees which, when averaged with the yields of the 1- and 2-year­
olds, indicated the yield per acre that might be expected on a ReId scale for
a 3-year dehorning cycle. While the yield per acre of approximately 130
bags was low compared with that of the older'" Kona pruned trees, they
were very high when it is considered that practically the entire crop was
borne on one-third of the trees planted. The 4-year dehorning cycle gave
surprisingly good yields for the 4-year-old row itself and for the average of
the four rows when compared to Kona pruned trees. These results substan­
tiate the statement made earlier that close spacing of dehorned trees (i.e.,
closer than 12 X 12 feet) would increase yield per acre.

The good yield of the 4-year-old trees following the very heavy yields of
the 3-year-olds in this experiment was encouraging. Perhaps the closer
spacing reduced the individual tree yield in the third year to such an extent
as to permit the higher yield of the tree in the fourth year. The four-row
average yield is in line with that which might have been anticipated from
the earlier experiment by increasing the number of plants per acre.

Growth Data

To analyze any differences in rate or character of growth due to the
dehorning system of pruning with resultant differential yield performance,
a further study of growth of the trees similar to that previously reported was
made. In contrast to the previous study (2) only 4-year-old verticals were
selected and sectioned into their various age components. One 4-year verti­
cal from each of eight trees in each pruning system was selected after harvest,
or a total of 16 verticals. Suitable verticals of the Kona trees were more
difficult to find because many had been either broken or bent in preceding
years. Also, good verticals could be found only in the wider spacings. Thus
there is a definite bias in the data favoring the Kona system, in that mal­
formed verticals were disregarded while with the dehorned trees malformed
verticals rarely occurred. Thus this method of selection tends to mask
certain weaknesses in the Kona system which are largely attributable to
training replacement verticals in shade and in competition with older verti­
cals on the same tree. The data are presented in numerical and graphic form
in figure 11.

A detailed study and comparison of these data representing the 4-year-old
vertical from the two systems of training (Kona versus dehorned) show a
remarkable similarity in spite of the drastic differences in pruning and
culture. Other than the difference of 14.7 inches in height favoring the

"Older because of the 4-year-old vertical in the Kana tree.
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FIGURE 11. Diagram of growth behavior of the 4-year-old verticals on trees pruned by
dehorning and by the Kana system. As in figure 8, the A, B, C, and D areas represent
the 1-, 2-, 3-, and 4-year-old portions, respectively, of the lateral and vertical branches.
The figures in each section give the average number of laterals of each age; the aver­
age nnmber of nodes per lateral; and the average length in inches of lateral. The
cumulative height in inches of the vertical is shown on the vertical lines and shows the
4-year vertical of the dehorned tree to be taller than the 4-year-old vertical of the Kana
tree. In the C and D portions of the vertical of the dehorned tree, the greater number
of laterals indicates a higher potential yield in the third year, while in the A and B sec­
tions, the greater number of primary and secondary laterals of the Kana tree indicates a
greater potential yield the fourth year. ( See text. )
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dehorned tree and the greater proliferation of secondary lateral growth
favoring the Kona tree as indicated by comparison of sections Bg , A 4 , and
Ag, the two types of verticals are essentially equal. Moreover, these differ­
ences are not in great contrast to the findings reported earlier (2) when
verticals of four ages were composited.

The two methods of measurement indicate remarkably similar over-all
results and in fact emphasize the rather significant fact that the two types
of training result in essentially the same type of 4-year vertical. Actually
the average 4-year-old vertical of the dehorned tree was as good if not better
than that of the Kona tree, particularly if the number of bent or broken
verticals in the Kona trees is considered. However, from data accumulated
to date, the fact remains that the Kona type trees yield somewhat better
than the dehorned tree.

Discussion

The above test represents the initial trial of a system of coffee culture
which involves not only the practice of dehorning but of spacing plants in
the row and of differential fertilization. The system recognizes the growth
and bearing habit of the tree and the apparent need to apply fertilizers of
the kind and amount required for the potential crop on each age of tree as
well as that required to produce the growth for a succeeding crop. Extensive
observations have resulted from these initial experiments which are being
tested in new experimental plantings. Some of these observations may be
stated as follows:

When a 1, 2, 3, 4 sequence of dehorning in the rows in the 4-year cycle
is followed, at higher and cloudy elevations, a spacing of 8 feet between rows
is too close, resulting in shading and presumably a lower yield of the 3- and
4-year-old verticals, particularly under conditions of good soil and heavy
fertilization. The lower branches in particular are shaded and do not pro­
duce as well as they might with better light and the trees tend to grow
very tall. The shading resulting from close spacing between rows apparently
minimizes the effect of spacing within the row, since the yields of trees
spaced 4, 5, and 6 feet within the row were approximately equal. However,
with a wider spacing between the rows, it is possible that spacing within
the row would become more significant; on poor soils with less vigorous
growth, closer spacing within the row also might result in higher yields.

Not only would the wider spacing between rows possibly increase yield
but it also would contribute to ease of harvesting and to ease of other field
operations. It has been noted that when dehorning is employed, the renewal
verticals developing in full light are very sturdy and seldom if ever require
artificial support. However, the common practice of bending over the
verticals to harvest the fruit would not be possible without breakage, and
a ladder would be required. With wider spacing between rows and good
light conditions it is possible that the trees would produce more fruit close
to the ground and would not grow quite so tall. Also, with the wide space
available because of the dehorned row it might be possible to bend over
the oldest verticals for ease of harvesting even at the possible expense of
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some breakage since the vertical would later be removed by dehorning and
no permament damage to the tree would result.

SUMMARY AND CONCLUSIONS

In preceding sections an attempt has been made to evaluate a number
of factors affecting the growth and yield performance of the coffee tree
(Coffee arabica val'. typica) in the Kona District of Hawaii. The discussion
is based primarily on trees growing under favorable light, moisture, and
soil conditions at 1,500 feet elevation and without competition of shade
trees. Responses of the trees were not affected by fungus diseases or
destructive insects.

Fertilized, unpruned trees naturally fall into a rather extreme alternate
bearing cycle because of the dominant inverse relationship of yield and
growth in the same year. Adverse weather is a definite factor in initiating
alternate bearing cycles.

The alternate bearing habit occurred with topped trees and was aggra­
vated by fertilization. These experiments demonstrated conclusively the
importance of fertilization to improve yield of coffee trees but also empha­
sized the problem of controlling in some degree the alternate bearing
tendency of the plant aggravated by heavy cropping. Control of the size
and age of tree by pruning and of the growth or vigor of the trees by ferti­
lization was attempted.

In a pruning experiment in which total age of the verticals per tree was
one variate and rate of fertilization the other, those treatments that reduced
the age of the oldest vertical even though the average age per tree of all
verticals was approximately equal tended to equalize alternate bearing but
also reduced total yield. The trees with younger verticals but with more
verticals per tree yielded less but more uniformly than trees with fewer but
older verticals. The reduction in yield was considerable and it was pos­
tulated that the difference might be overcome by closer spacing of the more
heavily pruned and smaller trees and still retain uniform annual yield.

Age of vertical is an important consideration not only in the type of
growth produced, bearing habit, and yield of the tree, but also in relation
to management. The responses of given ages of verticals to various treat­
ments were studied in a replicated experiment in which number of vertlcals
per tree, various fertilizer practices, and number of verticals were variables.

Heavy fertilization, i.e., supplementary applications of ammonium sul­
fate in the third or heavy crop year increased the yield in the fourth year,
i.e., tended to overcome alternate bearing. Similar treatment in the fourth
year did not prove profitable.

When the yields of the 5 years or five ages of trees are totaled there
seem to be but minor differential effects of fertilizer since even the minimum
applications seemed fairly adequate. However, if the experiment were con­
cluded after the fourth year, the total yield of the treatments receiving the
late applications of ammonia in the third year would more than justify
the expenditure for supplementary ammonium fertilizer. Moreover, judging

37



by appearance and condition of the tree, the treatment would seem to be a
good horticultural practice, in that defoliation, sunburn of the fruit, and
dieback were alleviated or prevented.

The 5-year average yield during which the trees were increasing in age
from 1 to 5 years may of course be compared with the annual yield of a tree
having five verticals ranging in age from 1 to 5 years. While such checks
could not be maintained, it is apparent by comparison with yields in the
previous experiment that no great sacrifice in yield occurred due to the
dehorning. It is again apparent also that should the pruning cycle be con­
cluded after the fourth or even the third year the trees would be smaller
and could be spaced closer than the 12 X 12-foot spacing employed. For
example, a 12 X 9-foot spacing would increase the yield of the third and
fourth treatments by about 25 percent, which would seem to justify the
practice of dehorning on a yield basis alone.

These facts, combined with the great hardiness and response of the
dehorned trees, led immediately to the test of dehorning successive rows of
trees in plots of four rows with trees spaced at different distances within
the row and fertilized in proportion to age.

Due to soil variability and limited experimental area, no statistically
significant differences due to either fertilization or spacing were demon­
strated in an experiment testing a 4-year dehorning cycle. Spacings 4, 5,
and 6 feet in the row were approximately equal. Yields of a possible 3-year
dehorning cycle compared with a 4-year cycle favored the 4-year cycle as
in the previous experiment because of the greater proportionate yield of the
4-year-old trees. The yield of the Kona pruned trees was consistently
greater than the average 4-year yield of the dehorned trees. However, even
the 8 X 8-foot planting distance was obviously too close for Kona pruned
trees.

Growth measurements of 4-year-old verticals taken from Kona and
dehorned trees were practically identical in most respects, indicating that
dehorning apparently does not affect growth materially even though the
apparent yield may be reduced somewhat.

Observation indicated that the 3- and 4-year-old rows shaded each other
and that dehorning of alternate rows, i.e., in a 1-3-2-4 sequence, might yield
better results. Under the conditions of the test, the 8-foot spacing between
rows is too close for the 4-year dehorning cycle but undoubtedly would be
about right for a 3-year dehorning cycle.

Heavy fertilization of the 3-year-old row would seem to be a good
horticultural practice in that it helps to maintain the growth and foliage of
the third year and if so contributes to the yield of the fourth year. Should
the rows be dehorned after the third year crop, they would be more likely
to respond if the trees were in good physical condition due to fertilization.

The test demonstrated that under Kona conditions the systematic dehorn­
ing of rows of trees as a commercial practice may be entirely feasible so far
as health and vigor of the tree is concerned, that no material sacrifice in yield
occurs, and that other advantages may materialize.
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