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IWiRODUCTION

The economically important beverage called coffee, is moctly the pro-
duction of the iree Loffea arabica L. Uhis tree 1s grown in the tropical
and subtropical regions of the wortd, The importance of this crop, especially
for the people of the Western Hemisphere is quite obvious. 7This commnodity is
not orndly used in vast quantitics by alt the peoples here, but figures greatly
in the economic structures of many of our countries. From some of the latest
data available (194€}, it appears that coffee constituted approxinately L4
per cent of the general exports of nine Latin American,Countries (67).

Afthough the economics of this crop and its very production is bound
closely to the liVElihODd‘Of millionélof people, comparatively littlg investi-
gation has been made to understand the basic physiology of the plant that pro-
duces it, 'Lhis faet has tled éo a number of studies giving conflicting resuits,
with an equai number of unjustified hypotheses or conclusions.
| Better knowledge of the pliysiology of the plaat would provide a firmer
basis for the development and interpretation of future investigative works,

This papef is the second of & series dealing with The retalionship be-
tween the growth éycle of coffee and external and internal factors. Specifi-
cally it attempts to évaluate climatic factors as temperature, rainfall, and
lighty edaphic factors as soil nitrogen and moisture; and internal factors
- as represented by the reproductive cycie and foliar analyses for nitrogen and
ash,

b

The initiat work on this subject was done by McFarlane (50), who traced
the vegetative cycle of this plant from July L1948 to July 1949. He found
that the growth cycie of the mature cofiee tree in the lurriaiba region shows

a definite period of vegetative activity and dormancy.



¥cFarlane advanced the hypothegis that two possible factors may control
this cycle, namely: L. leaching of soill nitrates by excessive rainfall;

2. developnent of the fruit.
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REVIEY OF PLERIInEx! LITERATURE

CGrowth Cyecles of Plants

The literature shows that the general growth cyele of plants, when it
is plotted by graphic methods, is in the form of a normal curve, Curtis and
Clark (18), Meyer and Anderson (55), and Miiter (56), give a thorocugh review
of this same conclusion,
| The rate of growth of & piamt, or piant part, is relatively slow at
first, increases rapidiy to a maxdmum and finally decreases until it ceases
(56). This is generally true in the case of both anmials and perennials,

T the case of amuals the grand cycLe.starts with germination from
seed and terminates in senescence and death,

fermination of the growth cycle in perennials, however, does not end
" in death but periods of dormancy thet are in turn followed by more active
growth,

This recurring cycle is most definite in the temperate resgions where
it coincides with the march of the seasons, The spring flush usually pro-
duces the most rapid growth, followed by stower growth through the early
sumney. LThe growth rate usually becomes nil before cold weather apjpears,
This 1s true for both deciduous and evergreen plants,

Careful observations of this pllencmenon have been made by numerous
workers, for example, Kramer (44) who worked with various species of tree
seedlings, Murneek (63) who worked with the apple tree, and Wittwer and
Murneek (95) who worked with the cherry tree. ‘

It shoudd be noted thaﬁ literature dealing with growth cycles of trovi-
cal and subtropical plants is scarce and generally incomplete, thus com-

paratively little is known of their fiuctuations,
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Chandler (14) found that avocado trees growing in the subtropical cli-
mate of California, exhibited three flushes after the dormant season. A long
flush started in the spring soon after the peak of blooming. There was then
o sunmer flush and ah autwm filush., Also in California, Chapmen and Parker
(L5) stated that the orange trees began their growth cycle usually in
February with maxdimum growbth and flowering in late lMarch énd early April,

Roy and Gardner (73) in Florida, worked with the orange tree and reported
initiation of spring growth in Januesry after the so-called winter dormancy.

Marloth (51) also reported on the citrus growth cycle in Eastern Trans-
vaal, With seasons opposite to those of the Worthern Hemisphere, he reported
that citrus ended its dormancy at the coming of spring in August, The first
flush lasted until October., 'lhe next flush was at its height in midsummer,
and lasted from mid-november to January. 4 tesser flush occurred from
February to March.

Chandler (14) stated that the growth of the tea plant tended to be con-
tinuous 1f envirommental conditions were favorable. Bond (8), working
specifically with this plant, observed that the growth was rhythmic and went
through aiternations of four active growth and dormancy periods that were to
a large extent independent of seasonal change in climate,

Greenwood and Posnette (31) made observations on the growth of cacac,
Lheir results indicated that the flushing of mature cacao was suppressed wlien
the weekly mean of the dailly maximum temperature was below 83° F,, and that
‘ne other environmental factgrs measured had an infliuence on flushing.

Weevers (92), in a review of Literature, cited Shimper and Valkens who
vlewed the occurrence of rest periods as being an immutable property of
plants., He alsc said that Klebs took up an entirely different point of view.
Klebs was of the opinion that the mutual ratio of mineral and organic nutrients

played an important part in bud growth, Whereas an excess of bhe latier



heralds a period of dormancy through inhibition of enzymatic activity, an
ekcess of the former causes a renewal of activity.
Weevers (92, p,2L7), in summarizing his views, stated,
e e il may be said that as a result of internal autonomic causes
there are several periods of bud growth in one year, though this

periodic bud growth, and thus plant growth as a whole, is strictiy
determined by cosmic ecircumstances,

Growth Cyctes of Coffee

Wakefield (9.) followed the growth cycie of coffee in Tanganyika, ard
established the existence of definite periods of activity and dormancy in that
region, He fourd that shoﬁt growth commenced in the beglnning of September,
with a-peak in October and Novenber, It then decreased in December, Another
growth flush began in March, reached a peak in April, and decreased again in
June., He Listed the months of flowering as October through December and
February through March, with harvesting from July through October, This worker
mentioned the fact that a hesvy crop may delay the subseguent period of shoot
growth,

Rayner (70) working in Kenya, divided the growth cycle of coffee into
gix periods: 1, during the short rains in November and December when the
growth was rather iow; 2. in Jamuary when growth ilucrezsed with sunshine
but fell later as the soil dried; 3, the greatest amount of growth was then
recorded in lPebruary after two rainstorms hbut fell again as the soil dried;

Lo Trom March to mid April was the peridd of théioﬁg rains, and variationsin
hours of sunlight seemed correlated with variations in growth; 5. growth de-
clined until it reached a very low level in July, probably produced by a re-
duction of hours of sunshine and by the crop on the trees; 6, growth increased

somewhat as the hours of sunshine increased., He staited that the trees flowered



about nire times, but the'fiowering al the end of IPebruary lar exceeded the
others.

Thomas {8L) reported oniy one spurt in the growth cycle of bearing
coffee of the Hébusta species in Uganda, He stated that the vegetative
growth commenced in Jamuary and began to die dbwn in March and April. ie
reported that his measurements showed the imﬁortance of the time of ripening
of the fruit con the vegetative growth of the trees,

A typical branch was studled and measured over a pericd 6f two Years
including the recording of leaves, flowers, and fruit, The branch continued
to grow uvntll April 1954, when a large crop of berrieé began to develop.
When the berries were picked from November 1934 to January 1935, vegetative
growth restarted, only to die down in March 1935 when another crop was set.

He said that from these observations he made the unexpected discovery
that fruiting coffee trees produced most of their growth in the dry season,
for that was the time when they were carrying Little fruit crop, <The amount
of frult was the controlling factor on vegetative growth and not the condi-
tions of soil or variations inAthe climate, This was shown by the facts
that, first, young bushes which had not started to fruit, grew most rapidly
in the rainy seéson. Io the second nlace pollinated braiches on which few
or no Irult were set, coutinued to grow,vhite adjacent branches on which a
heavy crop was set by open poiiination wouid make no new leaves,

Mayne (53) in South India divided the coffee growth cycle iuto four
parts aécording to climate, UThe first part covered the harvest and post har-
vest rest period of the plant, This was a dry cool season from the end of
Novenber to the middlie of March with growth at a minimum. 4Yowards the end
of this peried, with temperature rise, vegetative growth commenced even

though no rain had fallen. The irees blossomed late in March or April,



1'he second period he classed as the hot weather period from mid-March
to the end of May or early June.. In this period with the first rains, a
rapid vegstative development tonk ptrace. 'LThis growth fell off by the end
of May, and ceased eariler in years of heavy crops.

The reiny southeast monsoon occurs from earlty June to the end of Ausgust
and comprised the third periocd. Vegetative growth was almost at a stand-
stil) in June and July.

The fourth perlod covered the northeast monsoon from 3eptember until
about the end of November, At this time, growth commenced again in August
‘and coﬁtinued through September and October.

Mayne drew attention in this paper to the apparent antagonistic effect
of crop development on vegetative growth and pointed out that during the

perids of maximun fruit growth, vegetative growth was minimsal,

Rayner (7.}, comparing the growth and bearing hablts of Coffea arabics

in Kenya and Southern India, stated that leaching, drought, low temperature,
and fruit set were probable factors in controltiing the growth cycle.

In Java, Meulen (54) noted that Robusta coffee growth began in December
after the wet season had started. According to his information, dormancy
set in duriag the dry seascn of Aprii to October,

Ultée (87), in a report on coffee of the Arablca, Robusta, and Liberica
varieties and their crosses in Java and Sumatra, agrees with Meulen on the
seasonal aspect of growth, He noted that the pealk of growth was after the
fruit was picked{ and coincided with the regular rainy season, As the fruits
ripeped, the trees went into dormancy,., <The fruit was of'l by the end of the
rainy seasorn,

Deann (20) found in Hawaii that maximun growth of laterals occurred

simulteneously with and following flowering during the spring. Dean's data



indicated that the amount of rainfail, between the months of February and
June, was correlated with vegetative growth at that time,

Herndlhofer (34), in Campinas Brazil, observed that the vegctative
growth began in July and August with the main blossoming in September and
QOctober, and harvest in May. High temperature and rain occurs from Novem-
ber to March while low temperature and dry periods occur between May and
September.

Alvim (L), however, said that in the state of Minas Gerais, Drazll,
the growth started in August and September concurrently with the bloom,
with its peak in Septémber. Growth was reduced in March, The dormant period
for coffee there lasted from May through Judy and part of August which was
the dry cool season,

Lhe growth cycle on tﬁe continent of South America has been followed
in Colombia by Sudrez de Castro (80), His records of periodic growth showed
that vegetative activity began about the first part of January and continued
to May. The growth dropped rapidly to a low in June and July, then increased
to a secornd but minor peak in August, Activity was al its lowest for the re-
mainder of the year, January showed the lowest minimum temperatureswith an
average of 15%c,, and one low of .Ll.8°c,

In Guatemala st the Instituto Agropecuario Nacional, the growth cycle
was followed during the year 1947 (25). Data showed that growth started at
the end of December, The rate increased markedly to February, was reduced
somewhat in March and then increased agein to the years highest value by
April, The curve then dropped very quickly to June, It rose again in Juty
to one third of the highest peak,then declined slowly to November and Decem~
ber. The cbldest months are November through Iebruary with the rainy season

extending from May through October (664).



In L Salvador (89,90), the growth curve for a 2-1/2 year period showed
that vegetative activity began about the first part of Febfuary and in-
creased to a peak in March and April, /nother peak in June was noted, Aiso,
a minor one occurred during the months of August to October., After this the
growth rate dropped till the latter part of Jamuary.

Rainfarl did not begin until April, about three months after the growth
started.

The earlier of the two reports noted that the srowth rate began to de-
cline when the rainfall mounted in intensity in the months of June and July,
'lhe coélest months of the year in this region are November to January, énd
the warmest are March to May. (66),

McFariane (50),at the Inter-Aimerican Institute of Agricultural Sciences
in Costa Rica, traced the vegetative cycle of this plant from July 1948, to
July 1949. His observations showed that initdation of growth began in the
firast week of Jammary and increased rapidiy after the 15th of Jamary. ''he
growth rate reached a peak the firsi week of March, then declined until April
25th, Growth was stil! very active at this time. A sharp upward movement
of growth rate then took pilace and reached the highest peak . of the measure-
ment peried at the end ﬁf ﬁay. Imediately after this peak,lthe growth rate
Teldi sharpty wntil the first week in September and remained at a very Low
value for the rest of the year,

lle advanced the opinion that leaching of soll nitrates by heavy rains
in May and/or setting and maburation of fruit may have been responsibite for
the dectine in growth., FHe also offers an opinien that the drop in growth

rate in April may have been caused by too tiltle soil moisture in March,
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Factors Affecting CGrowth Cycles

lo attempt will be made here to review the very cxtensive literature
on the subject of all the factors aflecting growth cycles in plants. Reference

will be made, however, to the articles more pertincnt to this work.
> > b

External factors

Due to thé periodicity of rainfall, varying ltevels of soif moisture may
be available for plant growth af different times of the year. Vellineyer and
VHendrickéon (88), reviewed this subject thoroughly. 'Cbnflicting evidence was
given concerning the hypothesis that varying amounts of solil moisture influence
ptant growth. The prevairing opinion is, however, that plants can extract soil
moisture with equal facility from field capacity to permanent wilting point (55).

Data presented by some workers (20,50,54,70,7L) advanced the idea that
varying soil moisture at certain periods of the year may control or influence
the growth cycle of coffesn,

Temperature, in many cases, is regarded as a limiting factor in vegeta-
tive development. This was speeifically noted in citrus (34,51) and cacao
(3£,39),

Most of the literature pertaining to coffee indicates that thée dormaut
period of this plant occcurs during the time of lower temperatures of the region.
(1,6,20,25,50,53,70,7L,89,90) .

The stimilatory effects of low temperature must aise .be considered
(17,29,38)

Curtis and Clark (19,p.584) commenting upon this subject, stated,

Low temperatures instead of inducing rest are more commonty
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effective in breaking it. In fact, with many plants the buds enter

the rest condition during the hot weather of middle or late summer. '

Very 1ittle emphasis has been given this coneept concerning tropical
and subtropical pilants. This is probably due to the fact that only relative-
Ly small temperature fluctuations occur in the tropiecs, as compared to the
temperate regions where most of the investigations of this nature have been
conducted,

It appears that the only direct reference to low temperature stimula-
tion of plants in the tropics, occurs in Weeverts Fifty Years Of Flant Phy-
siology (92). He reported that Ch, Coster found the opening of Dendrobrium
crumenatum flowers 1s dependent upon a sudden drop in temperature, as wilil
oceur in the tropics after hedvy rainfall,

The investigation of the cyciicadi vegetative growth habit of temperate
trees has been approached from yet another angle, that is, photoperiodisn.

Kramer (4/,) noted that Klebs was one of the first to investigate the
effects of length of day on woody species. He reported that some temperate
tree species grew all wiater when placed under continuous iight, Moshkov
{52,59,60) reported that certain southern tree species when grown at Lenin-
grad,lussia, where the maximmn length of day is 20 hours, contimued to grow
until kilied by frost instead of becoming dormant at the end of sumer, If
the photoperiod was artificially shortened,such species ceased growbh earlier
in the season, Garner and Allard (Bo)asupjgcted several woody species to

different day lengths. They found that increased day length would forestall

dormancy and in some cases prevent it, This work brought forth the hypothesis

that length of day might be an important factor in determining the time of

beginning and of ending the dormant period.

{ramer (L44) tested this hysothesis very carefully. He found that by
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subjecting different species of temperate zone trees to varying day lengths,
the duration of the growth period was controlied to a conslderable extent,
Long day length delayed dormancy or kept the trees growing continuously.
Resumption of growth by dormant trees was hastened by additional Light and
retarded by shortening the photoperiod betlow the normal tength of day. Gus-
talson (33) found that either an inerease in day length or tow temperature

woulld break the dormancy of Pinus resinosa,

Photoperiodism in the tropics is an established fact (10), Sircar (77),
in his discussion of Vernalismation and Photopcriodism in the Tropics, reviewed
the gfowth and bearing requirements of certain tropical crops in India, He
asserted that relatively small changes in natural day length influencs the
groﬁth cycle,

The literature reveals one mention.of this phenomena in relation to
coffee, Franco (26) subjected young coffee plants %o 4 hours less light
and comncluded that the resuttant decrezse in the productién of vegetative
pérts placedrthis piant in the short day group.

Nitrate, generally being the most abundant avaiiable nitrogen source
in the soill, is exbremely importane to plant growth at certain periods of
the vegetative cycle. In the temperate regions 1t 1s generally considered
as having a close relationship with the seascon of the year; Batham and
Nigam (4) conciuded that the greatest accumulation of nitrate took piace in
the summer and the least in the winter., Limbach (47) noted a very definite
pericdicity of nitrification with high quantities in spring and fall,and
low quantities in midsummer and winter,

With regard to soil conditions, temperature extremes and leaching by
rain are regarded as two of the most important coﬁtroiiing factors in the

quantitative status of soil nitrate. The fluctuations of this lon in the
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tropical and subtropical regions are attributed © o fluctuations in the soil
moisture, Ammett et ai (R), working in Indlia, stated that the nitrate con-
tent of the soll was increased by the first Light rains following & pro~
Longed pericd of dry weather, and decreased with subsequent heavy rains.
Hardy (35) in Trinidad, found that with an increase in soil moisture there
was a decrease in nitrate, and vice versa., Uriffith and Maming (32), how~
ever, found the opposite to be true in Uganda.

the fiuctuations of nitrates in coffee solis of different reglons have
been followéd. \Beckiey and Mewpaughtan (7), working in Kenya, statedthat as
the soll surface dried with drought, the nitrate content decreased in some
cases to as little as 5 parts per midlion. Dean and Beaumont (2L.) foilowed
the available nitrogen cycle in Hawaii and reported that it responded to sea-~
son and rainfaii, They said that there appeared to be a tendency for the ni-
trates aﬁd ammonium'content of the soll to decrcase éuring the dry winter and
increase during the wet spring.

In Tanganyika, Saunders and Wakefietid (75) assertedthat long heavy
rains caﬁsed denitrification of the solil and subseéuent nitrogen starvation
in the plant.

Trench and Beckley (85) in Kenya, also attributed the loss of nitrate,
with its resuilbtant effects upon the coffee growth, to excessive lceaching,
Rayner (7.) compared the growth cycles of coffee in Kenya and Southern Indis
- and concluded that low nitrate content at certaln timesof the year became the
controlling factor in growth, McFarlane (50), in Costa Rica aiso listed the

possibility of leaching of nitrates as causing a decrease in growth,

Internai factors

The idea that the reproductive processes have a great infliuence upon
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the vegetative growth cycle of plants is shared by many.
Murneek and Wittwer (65, p.201) wrote,

-

Most perennials and many anmials with a continuous type of growth...
have recurrent periods of flowering and fruiting. Their life does
not end with, but is altered markedly by reproduction. ‘I'he repro-
ductive organs and associated tissues exert a conspicuous physiologi-
cal control on thelr metabolism and subsequent development, Repro-
duction having proceeded at a mesdmum, the plants may become periodi-
cally or permanently restricted in vegetation....

The intsresting feature in this sequence of events is that these

changes are to a large extent independent of the external environ-

ment, but directily related to flower and fruit production., It is
conspicuously 'internal!.

Wittwer (94) stated that the two phases in reproduction i,e. fortili-
zation and fruit developnent, are stimulative and repressive respectively,
to vegetative growth,

Murneek (6.L),working with tomato, noted that in ‘every instance the
preseuce of a relatively large crop of fruit was found to be the cause of
retarded development, He claimed that nitrogen was the iimiting factor for
growth when taken by the fruit, In a later paper (62), the worker found
that gametic union in the tomato piant caused a stimuiation in metabalic
activity, with resulvant increased vegetative growth. Dearborn (22),work-
ing specifically with cucumber plants, corroborated Murneek's work.

It has been said (95) that perennials, as represented by the cherry
tree, may also be similarly affected in certain phases of the vegstative
cyele by the reproductive processes,

Murneek (6L) was of the opinion that in respect to woody perennials,
the analysis of' the effect of reproduction upon vegetative growth i1m made
more compliex by the presence of proportionally large amounts of storage

products of diverse types.

llo attention has been given to the possible effects of sexual fertiti-
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zation upon the vegetative growth of coffee; however, some investigators
have tried to explain the drop in growth rate to the repressive infiuence
of fruit development, ‘lhis was thought to be the result of monopolization
of the synthesized products (50,53,70,7L,81,9.L).
Thomas (84, p.353) said,
vooleaf analysis is based on the functioning assimilating leaves as the
control laboratories of nutrition....l'he emphasis on the modern work is
placed upon the internal concentration of rmutrients in the leaf, es-

pecially upon the changes in Llevels during different stages of the
growth cycle....

The nitrogen dycLe qf-the leaf has been followsd by a number of workers
in thé-temporate regions. ‘homas (82)traced it in Pyrus malus for one grow-
ing season, and found that from the first sampling of leaves in spring, there
was a steady decrease of total nitrogéen to the middle of August, an increase
to the middle of September, then another decrease until leaf fall, He claimed
that the inc;ease in nitrogen in September was attribufed to a cessation of
vegetative growthi. The second drop from September to leaf fall was caused
by a translocation from the Lleaf into the one and two year old wood., He
conciuded that the total nitrogen and certain partition fractions varied with
growth, decreasing when growth was very rapid,

Murneek (63) worked with apple trees and came to the same general con-
clusions, He stated that the greatest drop occurred during thé early develop-
ment of the leaves when there is a heavy demand for nitrogen by all the
succulent organs, énd again in late fall, This worker postulated that a
nitrogen eguilibrium seemed to exist in Leaves in midsummer.

Other investigators working with the same and other temperate zone trees
have come to similar conclusions (9,L1),42,48,64). Judkins (41), however,

found no correlation between leaf nitrogen and shoot growth in the peach

tree,
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Cameron and Appleman (12) and Cameron and Compton (13) traced the ni—
trogen cycle in the orange tree and reported that the tree contairfed nove
nitrogen just before the initiation of growth activity in the spring than at
any other time of the year. During the period of active growth,blossoming,
and fruit setting in the spring and early swmier, a decrease occurreé in the
nitrogen content of all parts of the tree, During the swumer and autumn,
there was a gradual increase to the midwinter maximwa., %Yhe drop in nitrogen
at The time of new growth and blossoming was confirmed by Hilgeman et al.
(37) and Jones et aL. (40).

Herndlhofer (36) in Brazil studied the nitrogen cycle of coffee, ile
analysed composite samples of youig and oid leaves evéry month, His resuits
showed that teaf nitrogen was highest from August through January with a
high peak in September and another in December, Lowest vaiues were in the
months of April and July. He stated that the development of the fruit causes
a drop in nitrogen of the leaves.

Roelofsen and Coolhaas (72) and Schweizer (76) in the Dutch East indies,
presented data on the nitrogen cycle of the coffee.trees. The data of Roelof-
sen and Coolhaas indicated an almost continuous drop in lLeaf nilrozen of bear-
ing and non-becaring trees from leaf maturation to leaf fall, UYhey could not

ascertain with certainty that the development of the berry caused a shortage of

nitrogen. JSchweizer noted that leaves lasted only one year because of the very

dry season. He found that a great blossoming withdrew nitrogen from the leaf
and that a heavy crop would cause early leaf drop long before the fruit ripened
He went on to say, however, that a normal crop did not withdraw nitrogen from

the ieaf but did from the bark and wood of the branches.



17

MATERTALS AND KMETIHIODS

Growth Measurements of Mature and Timature Coffes Trees

The method of growth measurements in this investigation was the same as
that used the previous year by McFarlane (50). He based his work on the con-
clusions of Beaumont (6), in Hawaii, who found that terminal growth and lateral
growth are closely and positively correlated.

Lateral growth measurements were made at the Institute in Turrialba to
estimat; the vegetative growth rate of coffee, The growth‘of an individual
branch was determined by measuring separately, the linear increases of the
last two internodes. Also, the advent of new internodes was recorded. These
measurements were made every 14 days. Whenever the time of measurements fell
short of, or were over this period, they were interpolated to a 14 day unit.

A separate record was kept for each tree, The growth of each measured
branch was tabulated on this record individually. The growth increase for
each tree was found by averaging the growth increases of the respective meas-
ured branches.

The method of analyses for significant differences between li-day in-

tervals was taken from Snedecor's Statistical Methods Chapter 4 (78). The

formula t = X nln-1)

SKQ

for groups of equal size was used, where t = test for

© significance at the 5 per cent level. X designates the difference between the

two group means. n = number of trees per group measured and sx2 = total sum

Was

of squares of both groups. The formula + = ;J n,n, (nl- n, - 2)

(n - n,) sx?

used for groups of unegqual size. The growth measurements of this work were

separated into three different experiments.
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Meture trees of a commercially operaved field

-

This part of the fudy itraced the grox-:fh of 47 randomized meture bLear-
ing coffee trees in a commercially operated field for the second year, These
trees were in two plots of ground, A and B, separated by 2 small stream,#

Plot A was flat. Plot B.was higher then plot A and sloped towards it,
From September, L1949 to December, 1949, growth of.trees in both pilots was
measured at the same time every 1/ days. However, due to a flood in December
1949 that inund%ted plot A and disrupted the soil surface, it was deemed ad-
visable to discontinue measurements of that plot, Twenty-five new trees were
then selected and marlked in plot B at random among the measured trees of this
plot., The experiment then continued to December 1950,

Four to six branches on each tree were selected to determine the vegeta-
tive growth rate, These branches were healthy laterals and were distributed
as evenly as possible over the entire tree.

Fertilized aud defruited mature trees

This experiment ﬁas situated in the Instituve eﬁperimentai plots, and ran
from June 1949 to Juiy 1950. It was divided into 4 treatments,

1. Fertilized 2 applications., Lhese trees were fertilized once heavily
with sodium nitrate (479 gm.per tree) on May 20, 1949, and once on lay 2, 1950,

<, Tertilized 5 applications, These trees were fertilized Lightly with

- sodium nitrate (160 gm. per tree) on May 20, July 20, and Qctober i, 1949,then
on May 20, and Juty 20, 1950, The fertiiiger for both trestments was applied
in a circle (6 inch imner diameter and 15 inch outer diameter) around the base

of each tree,

* For sore specific description of field seé page 21
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3, Defruited, ‘these trees were deiruited L time in the 1949 season
and 4 times in the 1950 season.

4, Untreated or Control, 'These trees were untouched and used solely I'or
comparison with the preceeding treatments.,

The experiment was of & randomlzed block design with 3 replications con-
taining 5 trees each. Six latersis per tree were sclected at random for the

growth measurements,

Inmature trees |

The trees of this experiment were approximately l-i/2 years old when first
measured and were situated in the Institute nursery, Llhey ﬁere measured ron
November L9499 to December 1950, Artificial shade of approximately L0 per cent
was provided by overhead spacing of cane poles to approximate the natural shade
over the mature . trees. lhese young treés weré 26 in rumber aond in L block,

_Hach one was congidered as a replication.

Two iatefal branches were selected from each tree for measurement., One

branch was at the lower portion and the other branch was at the upper vortion

ol Lhs tree,

Fiower and Fruit Counts

The data on the flower counts were gathered by lloger Jean Baptiste, a
- graduste assistant, at the Institute, 'L'he location of the trees was abouit L/2
mile from those that were measured tor vegetative growth, Counts were made

approxiaately every 7 days from 50 trees with 2 branches used per tree,

(Fig.3),
Source of data for fruit count was the A7 trees in the commercially

operated field, 'he fruit was counted 3 times; April 9, May 5, and June 20,

(Fig.3).
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Both groups of data were summarized and calculated as to percentage of

flowering and fruit set at certain periods during the season,

Foliar Analyses

Leaves used for nitrogen and ash determinations came from the 47 mature
trees., ‘Uhe trees were divided into 3 replications in relation to position and
proximity, Fach month 4 leaves were taken at random positions from each free
and placed in a marked paper bag,together with those of the other trees in
that repiication. These leaves were selected midway on the lealy poriions

of the laterals (24), and were unblemished,anparently healthy specimens. Well—
Aman (93) has noted that mature coffée leaves may remain on the tree as long
as 7 years.

The samples were taken at approximately 9 o'clock in the morning (18, 52,
84), then irmediately carried to the leboratory. They were brushed clean of
all ¢linging matter and dried in a forced draft ovem at 70° C, (23,84).‘

When thorcughly dried, the petioks were separated from the blades and
discarded. (46,86). Only the blades were used in these analyses, ‘he leaves
were then ground in a Wily miil to pass a 0.5 mm. screen, redried to constant
weight at 70 C, and stored in sealed bottles wntil analyzed.

Total nitrogen was determined by the modified Glinning Kjeldahl method
(3,49). -

Alcchol insoluble nitrogen was determined by the Kjeldahl method (3) on
'the sample after 12 hours washing with 80 per cent alcohcol in soxhiet ex—
tractors (49).

Alcohol soluble nitrogen was determined by subtracting the percentape of

alcohol insecluble nitrogen from the percentage of total nitrogen.
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‘'otal ash was determined by subjecting the sample to a temperature of
525° C, in an clectric muffle furnace until constant weight was attained (3).

Fercentages were determinéd on the dry weight basis (96), and the mathe-
matical interpretation of the data was by analysis of wvariance with both 1

per cent and 5 per cent levels of significance computed,
Soil Determinations

lhe field location Tfor this experiment was the same es that of the L7
mature trces, The field covers about one hectare, As a whole it gently sliopes
toward a stream on one side, More specifically, it counsists of a flat high
portion, a moderately sloping portion and a low portion just above the stream
bed.

The soil is a red sandy clay of volcanic origin. ‘The composition of the
sufface soll varies from a high clay content in the upper and sloping portions
of the field to a high sand content in the lower parts, The subsurface at the
16 inch ievel is rocky in same parts but with a greater clay conient than the
surface, There has been no definite classification of soils in this region,

5ix permanent locations were selected in relation Lo the investigated
trees, and marked with rnumbered posts, Posiltions were selected as followss
2 on the high flat portion; 2 on the sloping portier; and "2 : on the Low
portion of the field.

Iwo levels of soll were anaiysed at each position;Aone level was the sur-
face to 3 inches, the other ievel was at the 16 inch depth,

Each positicn was divided into 4 quadrants with 12 sampling points, roughly
1 foot equidistant, in each cuadrant. Onc point in & cuadrant was sampled cach
month, The four resulting samples were then placed together and considered as

a compqsit sample for that individual position., The surface sample amd sub-
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surface samples were collected at the same point,

The point for sampling was first cleaned of debris,then the surface soil
was dug with a small hand trowel and placed in a marked paper bag togelther
with soil from the other 3 quadrants. After the 4 points were sampled for
surface soil, they were enlarged carefuilly and cleaned of Lloose earth to pre-
vent contamination of the subsurface level, An open soil auger was then
screwed into the soil to approximateiy 16 inches for the subsurface sample,

The samples were taken immediately to the Llaboratory, picked ciean of
all rocks and objects unincorporated with the soil, aud weighed and dried in
a forced draft oven at 55° C. to constant weight (5,27,68,69,74). The soii
samples vere then welghed again, crushed lightly in a percelain mortar and
passed through a 0,59 mm. screern, the samples were pitaced in large mouth
bottles and redried at 55° C., then corked and stored urtil chemically anaiysed.

Tetal nitrogen was analysed by the modified GUniing Kjeldahi method (3).
All samples were in duplicate,

Nitrate nitrogen was analysed by the phenol-disuifonic acid method (69)
with a Kletit-Summerson colorimeter (43),

Soil moisture at time of sampling was computed on the dry weight bagis,

''he method of analysis of data was by analysis of variance, with each
month considered as a treatment and each positlon considered as a replication.
Separate analysis of variance were run on both levels for total nitrogen, ni-
travte, and soil moisture, Both the L pcr cent and 5 per cent levels of signi-

ficance were computed.
Climatological Data

All climatoiogicai data were taken from the Institute weather station,
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Average 4 week maximum and minimum temperatures are presentcd in graph form.
(Fig. 6). Also, average /4 week weighted mean temperatures are presented in
graph form (Fig. 6). The weighted mean temperature was obtained by measuring
_ the area under the curve with a planometer,

Rainfall data are presented in graph form for L week periods (Fig.6).
Light intensity data was measured in hours of sunlight, Average 4 week

light intensity figures are presented in graph form (Fig.6 ") .



BXPERTHEAYAL HESULTS

Growth Cycle of Coffee

An examination of the data presented in this section will demonstrate that
the vegetative growth cycle 'o.f coffee in the Turrialba region is pronounced

and definite. (Fig.l).
Mature trees

The. firsgt measurements were started on July 11, L1949 when the growth rate
was decreasing (Table 1). In the next 14 day periocd there was a minor but sig-
nificant increase in growth. From August 8, there wﬁé an almost continuous
drop to November 15, At this time the trees were considered dormant and con-
tinued in this state until December l@ﬁ From this date there was a gradual
but significant increase in the rate of growth to Jamuary 20, L§50.

| A great incrgase in the rate of growth occurred after this date and con-
tinued to increase until March 6, It then dropped to a iow on April 16+ .,
The trees at this bime were by no means dormant but actively growing. Another
.increase oécurred on May 1l and lasted until May 30, ‘his was followed by
a decline to another low on August 1. ..

A third and minor rise of the year subsequently occurred and increased to

October 3, ‘The decline into dormancy then began and continued downward to

" December L, 1950, at which date the experiment was terminated.

Immature trees

The growth curve of the young trees also shows a periédic cgycle. ‘'lhis curve

A e @ BT 3 1 B m e r——— -

*Though the plant is considered dormant at this time, an occasional branch did
show vegetative activity,
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Tavle 1

SUFMARY OF DALA SHOWING LW0 WiEK AVERAGE GROWIH PER LATERAL

BRANGH OF FORLY=-SEVIN MALURLE COFTEN [REFES
(Centimeters)

" Date Growth Dete . Growth
July il, 1949 0.55 Mar. 17, 1950 146
July 25 0,78 Mar. 31 - L 2%
hug. 8 o9 Apr. 16 0.57 %
Aug. 22 047 % Apr. 30 0.60
Sept. 6 0,23% May 14 0.96
Sept .20 0.27 ey 30 1.01
Cet., 4 0.34 June 15 0.96
Oct, 18 0 o1 % June 30 0476 %
nNov., 1 0,07 July 14 - l- 0,32 #
Nov, 15 0.02 Mg, 1 0.23
liov, 29 _ 0.05 Aug. 17 0.28
Dee, 18 - GL0A sepb. 3 0,50 %
Jan., 6,1950 0,L9% Sept.18 0.54
Jan, 20, 0.24 © Oct. 3 0.61
Feb, 3 0,77 Oct.18 . 0450.4
Feb, 22 ARV S Nov. 1 . 0.36 *
Mar, 6 1.66% o417 Oalh

Dec, L 0.07

¥ 3ig, diff. from preceding date @ 5%
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bears a striking simitlarity to the one of the mature trees; however, the
fluctuations are much greater (Fig.l)}.

A significant drop in growth rate occurred from December 16, 1949, to
January 16, 1950 (lable 2), ‘This was the lowest point in the growth.rate curve,
A steady increase occurre& from this date to March L5, There was then a sig-
nificant drop to Aprii 29, Just afterwards, the second and greatest growth
surge began and lasted until July L, Frpm this great peak in growth it dropped
precipitousty to August 3. 7The growth rate then started up again and lasted

until September L6, whence it dropped to December L, 1950,
Fertillzed and defruited trees

the general growth curve of these trees (Fig. 2) closely foilowed that of
the 47 mature trees, <The growth of these trees was first measured on June 14,
1949, on an upward growth swing. ‘1he growth increased to July 12, then dropped
to dormancy that lasted from mid November to mid December, After this
apparently inactive period there was an increase to March 15, 1950, then a
drop to May 29, An increase in growbth again developed and lasted until July
30, A steep drop subsequently occurred to August 2, ‘lhe next measurenent
period showed & slight increase in growth but after this, the trend again
took a downward direction,

Only the defruited trees showed a significant difference in growth over
:that of the controtls (Table 3}, ‘hese differences manifested themselves on
the upswing and top of the growth curve, As the growth rate declined, the sig-
nificant differences between the two treatments became smaller and then
vanished,

Atthough the intensity of the growth curve of the defruited trees was

greater than that of the controls, the cycle remained the same,
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Table 2

SULGARY OF DAYA SHOWING WO WilK AVHRAGE GROWIH PER LATERAL
BRANCH OF TWENIY-SI{ DMATURE COFFEL TRIES

(Centimeters)
Date Growth Date " Growth
‘Dec. 16, 1949 0.43 June 15, 1950 2,09
Jan. 2, 1950 0L July 1 2.4,
Jan. 16 0.04 July 1h 0.8
Jan, 30 0,12 Aug., 3 Q.25
Feb, 15 O Aug, 17 0.22
Mar, 5 Cuhl Sept. 2 1,06¢
Mar, 15 0, 8p¢ Sept 16 147
Mar, 29 0.70 Cct, 3 1.14
Apr. 15 0.26¢ Oct. 18 _ 0,90
Lpr. 29 0.23 Nov. 2 0. L3¢
May 13 Q.42 "Nov, 18 .40
May 30 0.63 Dec, 1 0.37

*38ig. diff. from preceding date & 5%
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The obher two treavments with the two levels of sodium nitrate showed no

significant gifferences over the controls at the 5 per cent level.

Flower and Fruit Counts

On February 17, 1950, the first f{lowers were observed and couanted. Accord-
ing to the data at this date it was estimated that the trees produced a 7T per
cerit bloom, Inciuding this date to March 22, a totai of 25 per cent of the
bloom had then ceccurred. From March 29 to Aprii 19, 72 per cent of the bloom
was produced. The remaining L3 per ceut was produced through June 7, 1950 (Fig.3).
By April 9, 1950, 76 per cent of the fruit had set on the L7 mature trees.
On May 5, a second count was made showing that another 7 per cent had set, The
tﬁird and last count on June 20, 1950, showed that L7 per cent more fruit had
accumilated., |

o more fruit counts were made after this time, since blooming had ceased

(Fig. 3).

Foliar Analyses

Total nitrogen

The annual total nitrogen cycle of mature coffee leaves presents a bi-
" model curve (Fig, 4).

A look at Table [ will siow that the curve during the months of November
and December 1949 evidenced a decrease i the pér cent of total nitrogen, An
increase then began and continued until Aprii 27. ''he total niltrogen dropped
after this to a new Low on July 31, It then increased again t o Cctober 3L oniy
to decrease the succeeding month., Lhe lowest per cent of total nitrogen occurred

December 27, 1949,with the highest per cent on Aprit 27, 1950 (Table 4),
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Table 3

SUMMARY OF DATA SHOWING TWO WEDK AVERAGE GROWLH PER LATERAL BRANCH OF
DEFRUITED, NITRATE FERITLIZED, AND UNTREATED COFFLE WRIES

(Centimeters)
Date Defruited Fertilized FPertilized Untreated
2 times 5 times
June 14,1949 0.98 0.71 0.45 0.49
June 28 1.66% 1,04 0.99 0,64
July 12 2.04 1.23 1.9 0.74
July 26 1,72 . 0,77 Cc.78 0.59
lug., ¢ L.04 0.40 0.39 0.34
Aug, 24 0.76 0.30 0.34 0.35
Sept, 7 0,48 0,30 0.32 0,22
Sept 24 0.70% 0.39 0,24 0.17
Cet, 5 0,74 0.26 0.16 0,16
Oct. L9 0.42 C.lh 0.4C 0,49
Nov, A 0.19 0.10 0.05 0.05
wov, L6 0.15 0.08 0.02 0.03
Dec. 1A - 0,02 0.17 0.00 0,07
Jan. L1,1950 0.20 0,22 0,17 0.ib
Jan. 15 0.37 0.40 038 0.55
Jan, 30 0.92 0.71 0.72 0.75
Feb, 15 0.95 0.72 0.63 0.63
Mar. 5 0.95 0.89 Q.75 C.6L
Mar, 15 1,26 1,23 071 0,84
Mar. 29 077 1.01 0.85 0.30
Apr, 18 0.40 0,54 0.48 0,49
Apr., 29 0.39 0.5L 0.37 040
May L4 0.54 0,65 0.63 .41
May 30 0.7L 0.80 0,79 0.73
June L4 L.75% L.45 Lo4ybh 1.33
June 30 2,03 1,59 1.59 1.28
Juiy 14 0.88 0.84 0.75 0.68
- Mg, 2 Q.49 0.52 0,35 0.42
Aug. L7 0.86 0.64 0.4L7 0.6.L
Sept, 2 0.74 0.60 0.5L 0.53

% 3ig, diff. from untreated trees@ 5% at same date
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Alcohoy ingolyble hitzogen

The annual insoluble nitrogen cycie closely follows that of the totai ni-
trogen (Fig. 4). A4 significant increase occurred from December 27, 1949, to
April 27, 1950, then fell steadiiy to July 3L (fable 4). The next month showed
no change, There was then a rise to the gsecond pealk on October 31, 1950,

followed by a dron the next month,

o "t L -

The soluble nitrogen in coffee leaves fluctuates considerably more than
the other two nitrogen pertions; nevertheless, it stilh evinces the bi-modal
tendency (Iig.L).

The analysis Tor the first date, Hovember 10, 1949, shéwed the highest
in soluble nitrogen during the 12 month period (Tabte 4)}. It then dropped
the next month. On March 3, 1950, it was at the 12 monthnlow. A significant
increase occurred for the next 2 months, and remained high for a third Llike
neriod, forming one of the peaks, The soluble nitrogen then dropped to
another low the following date, July L, It again increased)sighificantly'for
2 months and remained high fer a third. 'This formed the second pealt. A drop

then occurred Cetober 31, and remained unchanged to December L, 1950,

Total nitrogen of bearing and defruited trees

Analyses from Jeaf samples taken MNovember 3, 1950, from the defruited and

untreated trees, showed no significant difference in total nitrogen {Table 5),
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Table 4

SUMMARY OF DATA SHOWING MOWTHLY TRyNDS OF LEAF WITROGEM AND TOLAT. ASH
(Nitrogen-parts per thousands: Ash-per cent)

T PR N

Alcohol Llechol
Date insoluble soluble Total Total
nitrogen _ nitrogen  nitrogen ash
Nov, 10,1949 18.4 7L 25.5 e
Dec. 27 17.7 L9 22,6 8,59
Jan, 29,1950 - 18.4 5.3 23 .7 6,90
Mar, 3 20.2 L5 2447 6.90
Mar, 29 21,2 5.9 27 .. 7oh2
Apr. 27 2Lk 645 2749 | 737
May 30 20,2 6.7 26.1 760
July L 1941 5.1 2.2 7.9¢
July 30 7 5.7 23 764
hug. 31 17.6 6.9 2l 7.92
Cet, 2 20.1 6.9 . R7.0 8.32
Oct, 31 22,1 5.2 274 9.01
Dec, 4 21,0 5.3 26.3 9.2
Min. sig. diff,
@ 1% = 1.5 0.69 1.7 0,51
@ 5% = L.l 0.50 1.3 0.37
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Table 5

TOTAL HIVROUGLN OF LUAF SAMPLES OF BeARING AND DRFRUITID
COFFER THlWS, SAMPLELD NOVIMHER 3, 1950
(Parts per thousand)

Replications
Treatment #L e it3 Ave,
Defruited 30.538 29.326 29,032 29,632
Bearing 29,506 29,483 R7.912 28,967

Min, sig. diff.@ 5% = 1.774
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dlotal ash

The total ash content of the leaf, when presented in graph forn, shows
an asymebtrical curve skewed to the left, (Fig. /). From a high on December
27, 1949, there occurred a sharp drop to the 12 month low on Jamsry 30,1950,
'Yhe next month showed no change, but a significant increase ajdpeared the
following period on March 29. Alfter the succeeding month of April an almost
steady increase was then evident until December 1, 1950, where It equaled the

previous December high (lable 4).

Soit Determinations

Yotal nibrogen

The fluctuations ih total nitrogen content of the soll, as evidenced by
the 6 fixed positions, were very small over the . 12 month period. Ihis
applies to both the surface and 16 inch levels (I"ig.5). In the surface level

only the month of April showed a significant difference with 4 parts per thou~

.

sand; the other 11 months averaged about 3.3 parts per thousand (fable 6},

I'he soils taken from the L6 inch level showed total nitrogen sveraged
about 2.L parts per thousand for ' 9 . wonths, Lhe month of March showed a sig-
nificant increase, however, to 2,8 parts per thousand. 'The next 2 significant
deviations from the average cccurred as decreases on August 3, and August 30,

These values were 1,98 parts per thousand and 1.95 parts per thousand respective-

iy.

Nitrate nitrogen

The nitrate content of the soil, as would be expected, showed mariced

variations in both the levels sampiled. Fluetuation was greater, however, in
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Table 6

SUMMAIYY OF DAYA SHOWING MONIHLY FLUCTUATIONS IN TOLAL SOIL MITROGIN
(Parts per thousand)

T Average of Average of
Date six positions{lh=31)¥ six positions(16 ik
Nov. 9,1949 3.69 2,00
Dec, 7 3.86 2.04
Jan. 27,1950 3.82 2.24
Feb, 28 3.88 2.33
Mar, 27 3.86 2.81
Apr. 27 by 2.18
May 3. 3.82 2.19
July 1 3.84 2,26
Aug. 3 374 1,98
Aug. 30 3.76 1.95
Oct, 2 3.90 2,20
oct. 31 3.90 2.5

¥ .30 min, sig, diff.@ 1% = 0.49:@ 5% = 0.37

0,31:@ 5% = 0.23

| s316" min, sig. diff.@ 1%
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Table 77

SUMMARY OF DATA SHOWING MONTHLY FLUCTUATIONS IN SOIL NITRATY -
(Parts per miilion)

Average of “Average of
Date six positions(Lln-3#)# six positions{16M)¥*
Nov. 9,1949 38.1 5.8
| "Dec, 27 22.8 8.9)
Jazi, 27,1950 41,0 15,6
Feb, 28 - 31,8 ‘ CL7.3
Mar, 27 25.0 13.9
Apr. 27 €3.0 | 29.0
May 31 28,8 17.3
July 1 | 25.5. 18,8
Mg, 3 28.7 10,1
Aug. 30 26,8 16.4
Oct, 2 .26.2 204
Oct. 31 ' 23.0 15.2

#M-3" min, sig. diff.@ 1% =, 13,01: @ 5% = 9,76

YO min, sig. AIFF.@ 1T = 7.79: @ 5% = 5.8
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surface layer (Fig. 5).

iverage nitrate content of the surface was 32 parts per millicn with a
range of 23 parts per million in October to 63 parts per million in April
(Table 7). ‘Lhree peaks in the nitrate curve occurred; Hovember 9, January
27, and April 27,

The first sampiing on November 9, 1929, showed a high nitrate countent of
36 parts per million. ‘[he second measurement period, December 27, showed a
decrease to 23 parts per million. An increase occurred the next month to a
second major peak of 4l parts per mliiion. It then dropped te a low of 25
parts per mitlion on March 27, 1950, but agaln increased the next month to the
highest vatue, 63 parts per miliion., After this it dropped to a low and con-
timmed without any significant change for the next 5 months with an average of
about 26 parts per million,

The more uniform 16 inch level showed only one high peak in nitrate con-
tent, This coccurred on April 27, 1950, with 29 parts per miilion, 7The first
significant difference in nitrate content of the 16 iach layer, occurrsd with an
increase to 16 parts per million on January 27, from 9 parts per miilion the
month before, WMo change occurred uuntil the Aoril high, The nitrate content
then dropped the next month to L7 parts per miltion, remaineﬁ the same for
enother Llike period, and decreased again, to 10 parts per million by August
3. It then increased to L6 parts per million by August 30, end remained about

the same until the end of the experiment,
Hoisture

The soit moisture in both levels showed a definite periodic fluctuation

during the ' = 12: month period of observations. (Fig 5).
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SUMMARY OF DATA SHOWING MOWIIILY FLUCTUALTIONS OF SOIL MOISIURE .

o R ey o a A

(Per cent)

]

Average of

S

Lverage of

Date six positions(iM=3")# gix positions(L6V)H *
NOV. 9,949 472 0.3
Dec, 27 517 38.8
&an. 27,1950 A8;2 38.5
Feb, 28 LYARY 39.8
Mar. 27 41,3 3e.3
Apr, 27 36.8 3640
oy 32 13,7 40.3
July L 52.0 473
hug, 3 5.2 4340
Aug. 30 50,0 423
Oct, 2 497 LiJ2
Oct. 31 4947 42.3

#1%=3" min, sig. diff.e 1%

Al

mir,

sig. diff.e 13

@ 5% = 7.02

@ 5% = 3.70
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The surface level had at all times a greater moisture content, It
ranged from 37 per cent on April 27,.to 54 per cent on Aungust 3 (Table 8},

The first significant change in the surface moisture occurred as a drop
from a high of 51 per cent on December 27, 1949, to 44 per cent on February
28, 1950, 'The moisture content then countimed decreasingto April 27, for the
12 month ilow. It then began a steady increase for J months to ths 12 month
high on August.3. The next 3 months thereafter, ending with October 3.1,
showed no signiticant.change,

30il moisture in the 16 inch iayer remained without significant change
for the first 5 months of observation from MNovember 9,'1949, to ¥Mareh 27, 1950,
with an average of 38 per cent, ‘he 5th month, however, started a downward
trend that ended on April 27, with the 12 month low of 36 per cent,

A steady increase occurred the next 2 months to the 12 month high of 47
per cent on Juily L. A significamt drop appeared the next month to 43 per

cent and contimied on without change to Qctober 31, 1950,
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DISCUSSION

Observations from July 1948 to December 1950 show two main periods in
the growth cycle., One ig the minimwn growth period that covers 5 months from
the middle of August to the middle of January. The other is the mascimum
growth perdod that cccurs during the remaining 7 months,

In order to attempt explanation of this cycle, as many factors as decmed
Teasible were taken into account, hese were of both external and internal
types, Ixternal factors included those of climatic and edaphic phenomena,
Internal. factors inciuded those as represented by observations of the re-
productive cycle and foliar analyses for nitrogen fractions and total ash,

It is significant to note that daring the 1949-1950 growth cycie; maxd-
mun amount of rainfﬁil, high surface soil moisture, least light intensity, and
towest temperatures were colncident with minimum vegetative growth in the
Turriaiba region (Figs. 5 & 6). At this time the lowest amount of niitrate was
found Ffor L month in the surface soil and for 2 months in the 16 inch level.,
‘he onset of vegetative growth was coincident with a decrease in rainfall and
surface soll moisture, an increase in Light intensity, a slight increase in
maxdrmun temperatures, and an increase in the nitrate content of both levels
of the. soil.

McFarlane's data (50), however, showed that in the preceeding year, 1948,
during the dormant ceason, the rainfail was quite &ifferent. Oniy 3.0 mm,
feli during the months of November and December, as compared to 1,362 im, during
the months of November and December 1949, Also, during the period when vege-
tative growth was greatest, the rainfall wﬁs quite different betweep the 2
years, During the months of February and March L949, LO4 mm, of rain fell as
compared.td 4L55 mm, of rain the same months a year later, Another strildng
differenge between the 2 years is that the maximum rainfall cccurred in May i
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1948, ard in November and December 1949,

Lignht intensity for oboth years was almost opposite. Weather records
showed the least amount of light during the mouths of povember and December
1949, while in the preceeding year McFariane's records showed that the most
light occurred these .2 months and the folidwing O - mouths,

Yhough rainfall and tight conditions were different for both years, tem-
peratures were quite the game. The‘ﬁonths from December through March showed
the lowest temperatures for both years.

Considering these 2 sets of observations, the conflicting data of raine
fall and light intensity for the 2 years seems to negate any supposed effect
of these respective factors in controlliing the vegetative growth cycle., It
may atso be stated here that observations for a 12 month period showed goll
moisture was never a limiting factor, as represented by a minimum amount of
.36 per cent .,

The nitrate content of the zolil, aithough fluctuating markediy, does not
gseem to present itseif as a limiting factor at any time during the 12 month:-
obgervation period. It was negatively COrPeLated_wifh the rainfail and is
shown to be considerabLy teached by heavy rains in November and December, iever-
theless, at this lowest boint in content the lé ineh layer showed Trom 5.8
to 8,9 parts per million, and the surface layer, where most of the feeder roots
are concentrated, showed from 22,3 to 38.1 parts per mitlion, 7This statement
that nitrate does not amnmear to be a 1imiting factor is seemingly corroborated
Iby the information of Russell (74). Also,the characteristic leaf yellowing of
nitrogen starved ﬁlants have never been seen in the mature piantings (75,85).

The absence of significéntly increased vegetative prowth and unéhanged
growth cycle of the nitrave fertiiized trees further substantiates the belief
that fluctuations of nitrate content in the soiti of this region does not controd

the growth cycle,
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Experimental results showed that the total nitrogen of the soil may be
disregarded in this respect. A significant increase in Lotal nitrogeﬁioccurred
at the end of Aprili in the surface level, and at the end of larch in the 16 inch
level, Also a sipgnificant decrease occurrved during the month of August in the
16 inch level, 'These deviations were only temporary as shown by the next
-month's observations, and exhibited no appargnt bearing either upon the mitrate
content or growth ratve,

Temperature at first appears to be an important or at least a significant
factor when.compared with the growth cyele, Both dormant periods occurred during
the montﬁs containing low temperatures, However, by looking at Figures 1 and
6, it will be seen that actually, the growth rate began to decrease at least
3 months before the advent of lower vemperatures in 1949,and at least 5 months
before the advent of lower temperatures in 1950, 3cFariane (50) observed that
even though the month of Januvary 1949 had the lowest temperature, vegetative
growtilr rate had already begun its upward swing at that tiue. Thié then, lends
strength to the idea that the small temperature fluctuations as such, in the
Turrialba region do not act as a coutroliing factor by suppressing growth (50}.

The redation of temperature fluctuations and growbth may be viewed from
another aspect, Many plants require different periods of low temperatures
during dormancy. JThis is quite well known in the case of temperate zone
perennials (17,19,29,38).

Humphries (39) made studies in the tropics of the periodicity and intensity
of Cacao fluching in Trinidad. He compared these data with different environ-—
mental conditions and concluded that flushing was positively correlated with
maxlmum air temperstures. However, a critical examination of the data showed

that the mest intense Llushing generally came after a period of low temperatures,
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Where ever the growth of coffee has been reported upon, theeis a generat
agreemcnt that a definite active and dormant vegetative periﬁd exists. The
dormant period occurs during £he cooler part of the year. waardg, or at the
end of this cool period, vegetative grow%h is initiated (1,20,25,36,53,89,90)

Initiation of growbth may be delayed untii the beginning of the rainy
season, with apparently soil moisture acting as a Limdtiﬂg factor (54,70).

It seems, therefore, that this low temperature period showld not be dis-
counted as having a pessible stimulatory effect upon the vegetativé activity
of coffqe.

A study of all the avaiiable data (1,L6,20,25,2%,36,50,53,71.,89,90) shows
that flowering and vegetative growth gencrally fall within that part of the
jear containing an increasing day length, This is true both above and below
the equator. Coffee growing veryrnear the equator seema to exhibit periodic
growth and bloom that varies in time from region to region (28,54,72,76,79.91).

The analysis of this phenomenon is complicated by the fact that the ine
crease in day iength in many reglons is usually preceeded By minimm tempera-—
tures and accompanied by rains. It follows, thHerefore, that only until these
other environmental factors are separated out by studies under controlled con-
ditions, will 1t be poséibie to correctly determine the influence of day
length change,

Some workers {50,71,81.,91) have advanced the idea that fruit development
-may explain the decrease in vegetabive growth of the coffee tree. Their opiniocn
is that the developing frgit mononolizes the synthesized products to the detri-
ment of the wegetative parts.

The present investigation has not given data which conforms with that
view, Defruiting of trees during the 1950 season did not prevent the dormant

period nor did it delay the asproach of dormancy. The onLy significant
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difference that occurred was a more rapid éfowth rate during the approach to
and peal; of vegetative activity,

ﬁost fruit trees, as in thé case of coffee, lucrease vegetative activity
immediately before, during or imnediateLj after blossoming and fruit setiting.
Dearborn (22), Murncek (62), Murneek and Wittwer (65), Wittwer (94), and others
have found that there 1s an increase in activity in the vegetative portions of
the_plant at the time of sexmal fertiiization.

Growth measurements of young coffee trees that were too yoﬁn&‘to'bear
shOW'that although these young plamts did not function reproductively, they
nevertheless underwent almost simultanceously the same vegetative cycle as the
mature plants. The only difference that existed between the two growth rate
curves was tiﬂe more intense growth of the young trees.  This might be explained
by juveniiity. It appears, therefore, that in the case of coffee the repro-
ductive. prbcess has little or no apnarent effect upon the vegetative cycle
as a whole.

A great percentage of the nitrogen of a tree is located in the Leaves
(Li,12,13), and as such, the periodic fluctustions of the element in these
organs are deemed metabolically important, ~The fluctuation of total nitrogen
in the coffee leaf closely follows that of the vegetative growth, ﬁoth rise
and fall in general unison with the exception of the 4pril slump in growth rate.
The dates of increase and édecrease ol the two cycles were so close, that it is
. no possible in this study to determine exactly which manifested itself first;
growth or total nitroren, The.alcohol insoluble or proteinaceous fracbion
(L4) represents roughly 2/3 of the total-amount and shows practically the same
fluctustbions,

The. alcohol solublte or labile form also shows rhythmic fluctuations in re-
lation to the growth curve. Comparisons between the two, however, arve nol as

easily defined. Decrease in the labile nitregen continucs aimost to the first



peak in growth rate, then increases wniie the growth rate takes its first drop.
The nitrogen fraction then remains unchanged while the growth rave again in-
creases, After this, both values drop together. 'lhe itast and minor rige in
the growth rate is preceeded by a rise in soluble nitrogen. The twe valucs
then drop again together,

This information seems to indicate that the percentuge of foliar nitrogen,
especially the proteinaceous part, is ciosety and positively related with the
growbli cycle as a whole, and is noﬁ a negabive result of the growth as inferred
by Cameron and Appleman {12) in the casc of the orange tree.

The insignificant difference between the nitrogen content of leaves of
defruited and bearing trees at the time of harvest, tends to corroborate the
opinion of Roelofson and Coolhaas (72) who could not f£ind any definite elfect of
coffee fruit development on the ieaf content of this element, This is in con=
trast with Herndlhofer (36), who claims that fruit development in coffee causes
a decrease in leaf nitrogen,

The totai ash, as represented by per cent of the dry weight, shows a
trend entirely unlike any of the otuer factors studied. It seems comnccted
with the overall. periodic cycle ol the plant, During dormancy of the piaut,
the conternt of ash is at its height, With the initiation of growth in the
early part of January there occurs a sharp'drop in this constituent 1o Lhe
lowest polnt of the year. An almost steady increase then ocecurs, culirinating
‘at the end of the next dormant period.

Lhese data.seem to indicate a rapid translocation of the minerals {rom the
leaf to other portions of the plant, probably the meristemalbic regions. A4s the
growth rale progresses in its dowsmward and uneven course to dbrmancy, the mineral

content of the leaf is gradually built up again.
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COHCLUSTONS

Ihe growth cycle of the coffee tree in the lurrialba region shows a
definite'period of vegetative activity and dormancy. The months of Vebruary,
March and June show the most activity while the sonths of Hovember and Decem—
ber:show'the least,

Enviromsental factors such as light intensity, rainfall, scil moisture,
soil nitrate and total soll nitrogen do not seen to control the growth cycle
by acting as Limiting factors, . -

The onty observed envirommentati factors that were correiated with growth
are tempersture and day-iength, Both the dormant period and Low temperaﬁures
occur together. The lower temperatures, howsver, aie not considered as causing
dermarcy but as possibly brealting the rest peried,

Photoperiodisa cammot be ovcrLooked._ In different regions above tie
cquator where oﬁéervations have been méde, the growth cycle shows that in-
creased vegetativa'activity and blossoming occur on an increasing day lengbh.
Below the eguator, where siilar observations have been made » growth and
blossoming atso occur on an increasing day lengbh,

Whether the srowth cycle is controllied by either of these two environ-
mental factors, an iuterplay of both, or some other common factor,cammot be
Immediately ascertalued and must awalt more detailed study,

Dormancy is not caused by fruit development as formerly supnoscd in the
case of coifee, nor does blossoming necessarily stimulate growth. The growth
cycie of defruited and Limature trees substantiate this fact.‘

Ihe positive correlation betweenr Lhe amount oif ieafl nitrogen aud growth
ratz gewas To iuodicate that a very ciose reiaciounship exdsis belween the two,

cwith the possibllity of dnternal nitrogen acting as a coatroliling factor,



Total ash constituents of the Leaf show an anmiald cyclical trend., The

data indicabes a negative relationshin with growbh.
X 1% &
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the possible effects of some exbernal factors as light, temperatures,
rainfali, soil molsture, and soil nitrogen, and some internal factors as
effects of rcproduction, foliar nitrogeu and foliar ash, bave been studied
in an attenpt to explain the periodic growth of coffee,

Only twe envirommnental factors seem to be aésociated with the cycle;
temperature and day length,

Low ?emperature does not secem to act as a limiting factor but is be-
lieved to act pessibly ez a stimulsnt to growth by breaking the regt period,

All data avallablie indicate that coffee initiates growth and blossoming
on an increasing day léngth, both above and heitow the equator,

[he growbh cycle is not noticecably atffected by either phase of the repro-~
ductive cycle,

A pos}tive correlation exists between the growth rate and internal nitro=-
gen as represented by follar analyses., Credence is given to an hypothesis ~

that labernal nitrogen way act as a controlling factor to growth,
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SUMARIO

Con el objeto de tratar de explicar el crecimlento periddico dedl
café se han efectuado estudios de Llos posibles efectos de aiguios factores
externos, como iuz, temperatura, humedad y nitrdgeno del suelo; ¥y algunos
factores internos, como efectos de reproduccidn, contenido de nitrdgecno y
ceniza en las hojas. Zste ciclo parece estar asociado con dos facltores

ambientales,solamente: temperatura y tongitud del dia.

ﬁha temperatura baja no parece ser un factor limitante, perc se cree
gue posiblemente actde como estimulanbte en el crecimiento por romper el
perfodo de descanso,

Las informaciones disponibles indican que el café inicia\Sus perfodos
de crecimiento y de florescencia en una longitud dei dia creclente, ambos
gobre y bajo el ecuador, &Ll ciclo de crecimiento no es afectado percep-
‘tiblemente por una u otra de las Iases det clclo reproductivo.

hxiste una positiva correlaclén entre el grado de creclimiento y el
nitrégeno interno, que se ha podido comprobar por andiisis foliares, Se
da crédito a una hipdtesis de que el nitrdgenc interno puede actuar colio

un factor deteoriminante del crecimiento,
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