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INTRODUCTION

'l'he econord.car.ty important beverage ca.LLed coffee, is mostl;y' the pro-

duction of the tree Coffea ."':!'_":.bic,a, L. 'l'his tree is grown in the tropical

and subt.r-opd.ca.L regions of the wor-Ld , The importance of this crop, especially

for the people of the 1;Jestern Hemisphere is quite obvious. This commodity is

not only used in vast quantities by all the peop.Lee here, but figures greatlY

in the economic structures of many of our countries. From some of the latest

data available (1948), it appears that coffee constituted approxinately 44

per cent of the general exports of niJle Latin American Countries (67).

Although the economics of this crop and its very production is bound

closely to the live.Lihoocl of millions of people, comparativeJ.y little il1vesti-

gation has been made to understand the basic physiology of the plant that pro-

duces it. This fact has .Led to a number of studies giving conflicting results,

,dth an equal number of unjustified hypotheses or conclusions. .

Batt er knowr.edge of the phya.i.o.Logy of the p.Lant wou.Ld provide a firmer

basis for the deveropment and interpretation of future investigative works ,

This paper is the second of a series dealing with the relationship be-

tlfeen the growth cycle of coffee and external and internal factors. Specifi-

cally it attempts to eva.ruat e climatic factors as t.emper-at.ur-e , rainfall, and

light; edaphic factors as soil. nitrogen and moisture; and internal factors

as r-epreaent.cd by the reproductive cycle and f'o.Li.ar- ana.Lyse s for nitrogen and

ash,

'i'he initialllork on this subject was done by McFarlane (50), who traced

the vegetative cycle of this pl.ant from JUly 1.948 to July 1949. He found

that the gro,rth cycLe 01' the mature coffee tree in the 'lurrialba region shows

a definite period of vegetative activity and dormancy.
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HcFarlane advanced the hypothesis that t.;o possible factors may control

this cycle, namely: 1. leaching of soil nitrates by excessive r'a.lnf'a.i.L;

2. development of the fruit.
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l{E\JIE~1 OF PEln'INE:N'l' LI'fill1il'1'Ul1E

Gr01rth Cycles of Plants

'rhe literature shows that the general growth cycl-e of p.Larrtay iwhen it

is pl-otted by graphic methods, is in the form of a normal curve. Curtis and

Cl-o.rk (18), He;yer and Anderson (55), and EHler (56), give a thorough r evi.ew

of this same concJ.usion.

'l'he rate of ero,rth of a p.Lant , or plant part, is relatively slow at

first, increases rapidly to a maximum and final-ly decreases until- it ceases

(56). This is generally true in the case of both annual-s and perennial-so

In the case of annuals the grand cycl-e starts \'lith germination from

seed and terminates in senescence and death.

'l'ermination of the growth cyc.le in per-enrd.a.ts , however, does not end

in death but periods of dormancy that are in turn followed by more active

growth,

This recurring cycle is most definite in the t emper-at.evr-egi.ons wher-e

it coincides \'lith the march of the seasons. The spring flush usually pro­

duces the most rapid growth, folLowed by slower erowth through the early

S1.L1JllTIer. The growch rate usually becomes nil before cold vreat.hez- appears.

This is true for both deciduous and evergreen plarlts.

Careful observations of this pllenomenon have been made by numerous

workers, for example, Kramer (44) who worked Hith various species of tree

seedlings, Nurneek (63) Hho "lOrked vzi.t.h the apple tree, and lIitt\fer and

Hurneek (95) who wcrlced with the cherry tree.

It shOUld be noted that literature dealing with growth cycles of tropi­

cal and subtropical plants is scarce and generally incomplete, t.hus com­

paratively little is known of their fluctuations.



Chandler (14) found that avocado trees growing in the sUbtropical cli­

mate of California, exhibited three flushes after the dormant season. it long

flush started in the spring soon after the peak of blooming. 'l'her-e was then

a summer flush and an autumn flush. Also in California, Chapman and Parker

(15) stated that the orange trees began their growth .cycle usually in

February .'lith maximum growth and flowering in late !larch and early April.

Roy and Gardner (73) in Florida, worked with the orange tree and reported

initiation of spring growth in January after the so-called .,n..nter dormancy.

Marloth (51) also reported on the citrus growth cycle in Eastern Trans­

vaal. 'iTith seasons opposite to those of the Northern Hemisphere, he reported

that citrus ended its dormancy at the coming of spring in August. The first

flush lasted wltil October. The next flush ,~s at its height in ]nidsu~er,

and lasted from mid-November to January. A lesser flush occurred from

February to March.

Chandler (J..4) stated that the growth of the tea plant tended to be con­

tinuous if environmental conditions wer-e f'avoz-abd.e , Bond (8), working

specifically ,'lith this plant, observed that the growth was rhythmic and werrt

through alternations of four active gro.~h and dormancy periods that uere to

a large extent independent of seasonal change in climate.

Greenuood and Posnette (31) made observations on the gro.~h of cacao.

'l'heir r-esu.Lt s indicated that the flushing of mature cacao was suppressed when

the weekIy mean of the daily maximLun temperature ,laS be.Lot 83 0 F., and that

. no other environmental factors measured had an influence on flushing.

Heevers (92), in a revieH of literature, cited Shimper and Valkens who

vi.ewed the occurrence of rest periods as being an :iJnmutable property of

plants. He also said that Klebs took up an entirely different point of vi.ew,

Klebs was of the opinion that the mutual ratio of mineral and organic nutrients

played an iuportant part in bud growth. 'l'ihereas an excess of the latter
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heralds a period of dormancy through inhibition of enzymatic activity, an

excess of the former causes a r-enewa.L of activity.

\~eevcrs (92, p.217), in sununarizing his views, stated,

•••it, 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 who.te , is strictly
determined by cosmic circumstances.

Growth Cycles of Coffee

v;faleefield (91) f'o.Ltowed the gz-owth CYCle of coffee in Tanganyika, and

established the exi.stence of definite periods of activity and dormancy in that

region. He found that shoot growth commenced in the begirming of September,

with a peale in October and November. It then decreased in December. Another

gr-owth f.Lush began in Harch, reached a peale in April, and decreased again in

June. He listed the month> of flowering as October through December and

February through J:Iarch, "lith harvesting from July through October. 'this ,mrker

mentioned the fact that a heavy crop may delay the subsequent period of shoot

gr-owth ,

B.,'Wner (70) working in Kenya, divided the growt.h cycle of coffee into

six periods: 1. during the short rains in November and December when the

growch was rather low; 2. in Januar;y when growth increased' with sunshine

but fell later as the soil dried; 3. the greatest amount of growth was then

recorded in February after '01;0 rainstorms but fell again as the soil dried;

4. from 1Iarch to mid April 'las the period of the .Long rains, and variations in

hours of sunlight seemed correlated ,;ith variations in growth;' 5. growth de-

clined until it reached a very' Low level in ,Tuly; probably produced by a re-

duct ion of hours of sunshine and by the crop on the trees; f,. groll1th increased

somewhat. as the hours 01' sunshine increased. He stated that the trees flowered



about nine times, but the f'Lower-i.ng at the end of February l'ar exceeded the

others.

'i'homas (81) r-eport.ed oruy one spurt in the gr01vth cycle of bearing

coffee of the Hobust.a species in Uganda. He stated that the vegetative

growth commenced in January and began to die down in Harch and April. He

reported that his measurements showed the importance of the time of ripening

of the fruit on the vegetative growth of the trees.

A typical branch was studied and measured over a period of two years

including the recording of leaves, flowers, and fruit. The branch continued

to grow until April 1934, when a large crop of berries began tD develop.

When the berries wer-e picked frDm November 1934 t o January 1935, vegetative

grmvth restarted, oruy to die down in Ilarch 1935 when anot.hez- cr-op HaS set.

He said that f'r-om these Dbservations he made the unexpected discovery

chat fruiting coffee trees produced most of their gr-owth in the dry seaaon,

fDr that was the time when they were carrying little fruit crop. '1'he amount.

of fruit was the contrDlling factor Dn vegetative grDwth and not the cDndi­

t i.ons of soil or varia.tions in the climate. l'his HaS shown by the facts

that, first, young bushes vthich had not started to fruit, grev; most, rapidly

in the rainy season. In the second place pOlLinated branches on which few

or no fruit wer-e set, coutinued to grDw,tlhile adjacent branches on which a

heavy crop Has set by open pollination wou.Ld make no new leaves.

Hayne (53) in 00uth India divided the coffee growth cycle iuto four

parts according to c.Limat-e, 'I'he first part covered the harvest and post har­

vest rest period of the plant. This was a dry cool season from the end of

November to the middle of Harch ,'lith gr-owth at a minimum. 'rewards the end

of this period, 1'tith temperature rise, vegetative growth commenced even

though llO rain had fallen. The trees blossomed late in I.larch or April.
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'l'he second period he classed as the hot weat.her period from mid-Narerl

to the end of }!ay or early June. In this period with the first rains, a

rapid vegetative development took place. 'ihis growth fell off by the end

of Hay, and ceased earlier in years of heavy crops.

The rairlY southeast monsoon occurs from early JUlIe to the end of August

and comprised the third period. Vegetative growth was a.Lmost at a stand­

stil.L in June and July.

The fourth period covered the northeast monsoon from September until

about the end of November. At this time, grmlth commenced again in August

and corltinued through September and October.

Hayne drew attention in this paper to the apparent antagonistic effect

of crop develo~rrent on vegetative growth and pointed out that during the

perids of maxlimwrr fruit gro,1th, vegetative growth was minimal.

Rayner (71), comparing the growth and bearing habits of Goffe_a., ~~9~

in Kenya and Southern India, stated that leaching, drought, .Low temperature,

and fruit set "ere probable factors in cont.ro.Lt.ing the growth cycle.

In Java, MeuLen (54) noted that Robusta coffee growth began in December

after the ~let season had started. According to his information, dormancy

set in during the dry season of April to October.

Ult~e (87), in a report on coffee of the Arabica, Robusta, and Liberica

varieties and their crosses in Java and Sumatra, agrees "lith JiIeuJ.en on the

seasonal aspect of growth. He noted that the peale of growth was after the

fruit Has picked, and coincided H:ith the r-egu.rar rainy season. As the fruits

ripened, the trees went into dormancy. 'I'he fruit ~IaS off by the end of the

rainY season.

Dean (20) found in Hawaii that maximum gro~rth of laterals occurred

sdmu.rtuneous.ty ~dth and follmving flowering during the spring. Dean! s data



indicated that the amount of rainfall, between the months of February and

June, was correlated \"lith vegetative grov~h at that time.

Herndlhofer (36), in Campinas Brazil, observed that the vegetative

growth began in July and August wi th the main blossoming in September and

October, and harvest in Hay. High temperature and rain occurs from Novem­

ber to March while low temperature and dry periods occur between Hay ~ld

September.

Alvim (1), however, said that in the state of Minas Gerais, Brazil,

the growth started in August and September concurrently with the bloom,

''lith its peak in September. Gr01vth lias -reduced in l-iar-ch , 'I'he dormant period

for coffee there lasted from Hay through JUJ.y and part of August which was

the dry cool season.

'rhe growth cycle on the continent of South America has been f'o.Lt.owed

in Colombia by Su&rez de Castro (80). His records of periodic growth showed

that vegetative activity began about the first part of January and continued

to Nay. 'I'he growth dropped rapidly to a low in June and July, then increased

to a second but minor peak in August. Activity 'las at its Lowest. for the re­

mainder of the year. January showed the Lowest; minimwn 't emper'at.ur-es with an

average of 15°c., and one low of 11.8°c.

In Guatemala at the Instituto Agropecuario Nacional, the growth cyc.Le

was f'o.Ll.owed 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 Harch and then increased again to the years highest value by

April. 'I'he curve then dropped very qud.ck.Ly to June. It rose again in July

to one third of the highest peak, then declined slOWly to November and Decem­

ber. The coldest months are November through February with the rainy season

extendang from Hay through October (66).
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In ill Salvador (89,90), the grm'ith curve for a 2-1/2 year period showed

that vegetative activity began about the first part of February and in­

creased to a peal, in Mar-ch and April. Another peak in June was noted. Also,

a minor one occurred during 'the months of August to October. After this tho

grol1th rate dropped till, the latter pa:r;:t of January.

Hainfall did not begin until April, about three months after the growth

started.

'J'he earlier of the t1'10 reports noted that the :;t'owth rate began to de­

c.i.tno when the rainfall mourrted in intensity in the months of June and July.

'i'he coolest months of the year in this region are November to January, and

the warmest are Harch to Hay. (66).

HcFarlane (50),at the Inter-American Institute of Agriculturcd Sciences

in Costa Rica, traced the vegetative cycle of this plant from ,July 1943, to

July 1949. His observations showed that initiation of growth began in the

first week of January and increased rapidly after the 15th of January. 'i'he

gr'owt.h rate reached a peak the first week of Mar-ch; then declined until April

25th. Growth was still very active at this time. A sharp upward movement

of growt.h rate then took place and reached the highest peak of the measure­

merrt period at the end of !,jay. Immediately after this peak, the growth rate

feU sharpLy until the first week in September and remained at a very low

value for the rest of the year.

He advanced the opinion that leaching of s OiL nitrates by heavy rains

in Nay and/or setting and maturation of fruit may have been responsible for

the dec.uine in growth. He also offers an opinion that the drop in grovlth

rate in April may have been caused by too little soil moisture in !'larch.



Factors Affecting Gro,~h Cycles

No attempt Hill be made here to review the very extensive literature

on the subject of aJJ_ the factors affecting grm~h cycles in p.Lant.s , Reference

1-rill be made, however , to the articJ.cs more pertinent to t.lu.s work ,

External factors
~~ ,.----"""!'

Due to the periodicity of rainfall, varying levels of soil moisture may

be available for plant growth at different times of the year. Veihmeycr and

Hendriclcson (88), reviel"ed this subj ect thoroughly. Conflicting evidence was

given concerning the hypothesis that varying amounts of soil moisture influence

plant growth. l'he pz-evaf.Li.ng opinion is, however , that plants can extract soil

moisture <lith equa.L facility from field capacity to permanent 1fiHing point (55).

Data presented by some workers (20,50,54,70,71) advanced the idea that

varying soil moisture at certain periods of the year may control or influence

the grm'ith cycle of coffee.

T~np~rature, in mBX1Y cases, is regarded as a liL1itL~g factor in vegeta-

tive development. This was specifically noted in citrus (34,51) and cacao

(31,39).

}lost of the literature pertaining to coffee indicates that the dormant

period of this p.Larrt occurs during the t Ime of lower temperatures of the region.

(1,6,20,25,50,53,70,71,89,90).

The stimula-bory effects of low temperature must also _be considered

(17,29,38).

Curtis and CJ.ark (19,p.584) commenting upon this subject, st.at.ed,

Low tempera-cures instead of inducing rest are more common.ty
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effective in breaking it. In fact, ,'lith many plants the buds enter
the rest condition during the hot "leather of middle or late summer-,

Very little emphasis has been given this concept concerning tropical

and subtropical plants. This is probably due to the fact that only relative-

ly sn~ll temperature fluctuations occur in the tropics, as compared to the

temperate regions where most of the investigations of this nature have been

conducted.

It appears that the onJ.y direct reference to low temperature stimula-

tion of plants in the tropics, occurs in \,eever's Fifty rears Of Blant Phy­

siology (92). He reported that CIr. coster found the opening of Dend:t:9l'.r..il!!!!

crwnenat1J!11 f'Lower s is dependent upon a sudden drop in temperature, as will

occur in the tropics after heavy rainfall.

The investigation of the cyc.rf.ca.i vegetative growth habit of temperate

trees has been approached from yet another angle, that is, photoperiodism.

Kramer (44) noted that Klebs was one of the first to irprestigate the

effects of length of day on woody species. He reported that some temperate

tree species grew all winter when p.Laced under continuous light. Hoshkov

(58,59,60) reported that certain southern tree species "hen grown at Lenin-

grad,Hussia, where the maximum length of day is 20 hours, continued to grow

until kiLled by frost instead of becoming dormant at the end of sunmer , If

the photoperiod ,~s artificially shortened, such species ceased growth earlier

in the season. Garner and Allard (30), subjected several woody species to

different day lengths. 'l'hey found that increased day, length wcurd 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 tir1e of

begirming and of ending the dormant period.

Kramer (44) tested this hypothesis very carefully. He found that by



subjecting different species of temperate zone trees to varying day lengths,

t.he duration of the grm'lth period 1'1aS cont.ro.Lred to a considera.ble exterrt ,

Long day .tength delayed dormancy or kept t.he tr88S growing continuously.

Resumption of gr01'lth by dormant trees was hastened by additiona.L Light and

retarded by shortening the photoperiod be.i.ow the norrna.L Length of day. Gus­

t.af'son (33) found that either an increase in day Length or LO\" temperature

wouLd break the donnancy of Pinus £esiq~~.

Photoperiodism in the tropics is an eat.ab.l.Lehed fact (10). 3ircar (77),

in his discussion of VernaLization and Phot.oper'LodLsm in the Tropics, reviewed

the gro\'rth and bearing requirement s of cert3.in tropica.L crops in India. He

asserted that relatively small changes in nat.ura.i day length influence the

gz-owt.h cycle.

The literature reveals one mention of this phenomena in relation to

coffee. Franco (26) subjected young coffee pLants to 4 hours less light

and conc.Iud ed th2.t the r-esu.tt.ant decrease in the production of vegetative

parts p.Laccd this plant in the short day group.
t

Nitrate, gencra.Lty being t.he most abundant ava.i.Lao.Le nitrogen source

in the sof.L, is exuz-eme.Iy Lmpor-caru. to p.tant gr-owt.h at certain periods of

the veget.atzive C;)TC.L8. In the ·temperat.e regions it is generally considered

as having a close relationship j,fith the seaSOn of the year. Batham and

Nigam (4) concluded t,hat the greatest accumulation of nitrate took place in

the summer and the least, in the ·,'linter. Linbach (47) noted a very definite

periodicity of nitrification \'Iith high quantities in spring and fall,and

low quantities in midsummer and 1tinter.

With regard to soil conditions, t.emper-at.ur-e extremes and leaching by

rain are regarded as t\'10 of the moat important contro.Lling factors in the

quantitative status of soil nitrate. The fluctuations of this ion in the
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tropical and subtropical regions are attributed t a fluctuations in the soil

moisture. Annett et al (2), working in India, stated that the nitrate con­

tent of the soil was increased by the first light rains f'o.Ll.owf.ng a pro­

longed period of dry weather, and decreased rr i.Lh subsequent heavy rains.

Hardy (35) in Trinidad, found that with an increase in soil moisture there

was a decrease iLl nitrate, and vice versa. Griffieh and Nanning (32), how­

ever, found the opposite to be true in Uganda.

rhe fluctuations of nitrates in coffee aof.Ls of different regions have

been fo.Lt.owcd , Beckley and llcNaughean (7), '.fOrking in Keuya , stated that as

the soil. surface dried ,'lith drought, t he nitrate content decreased in some

cases to as littJ.e as 5 parts per milLion. Dean and Beaumont, (21) f'o.LLowed

the available nitrogen cycle in Hawad.L and reported that it responded to sea­

son and rainfall. They said that there appeared to be a tendency for the ni­

trates and arrunonium content of the soil to decrease during the dry mnter and

increase during the, wet spring.

In Tanganyika, Saunders and WakefieJ.d (75) asserted that long heavy

rains caused denitrification of the soil and subsequent nitrogen starvation

in the p.Laut ,

Trench and Beckley (85) in Kenya, also aGtributed the loss of nitrate,

with its resultant effects upon the coffee growth, to excessive Leachi.ng ,

Rayner (71.) compared the gt>owth cyc.Les of cof'f'e e in Kenya and Southern India

and concluded that Low nitrate content at certain times of the year became the

cont.r-o.Lt.Lng faccor in gr-owth , llcFarlane (50), in Costa Pd.ca a.l so listed the

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

Inter~~ factors

The idea that the reproductive processes have a great influence upon



the vegetative growt-h cycJ.e of p.tant,s i s shar ed by many .

Hur neek and Witt~1Sr (65, p .20J.) wrot e,

Host perenniaJ.s and many annuals ."lith a corrt.i.nuouo type of growth •••
have r ecurrent per iods of fJ.owering and fruit i ng. Their.Lif'e does
not end ."lith, but is aJ.tered mar kediy by r-epi-oduct.Lon , 'l'he r epro­
ductive or-gans and associat ed tissues exert a conspicu ou s physi ol ogi ­
cal cont rol. on t he i r met abol i sm and subsequent deve.topmerrt , Repro­
du ct i on having pr oceeded at a maximum, the pJ.ants may be come per i odi ­
c:l.J.ly or p ermanent .Iy r estricted in vegetation••.•

')' ,10 i 'lt eresting f eature i n this s equence of events is t hat t hese
changes are t o a J.arge extent independent of t he external. environ­
ment , but direct.Ly r elated to fJ.oHer and fruit production. It is
con spicuousJ.y 'internal'.

\·ritt Her (94) stated that t he tlfO phases in r-eprcductLon i .o . i'ortHi -

zat i on and f r u i t deve.topment , ar e stimuJ.ative and repressive r-espe ctdve.Iy,

to vegotative grovffih .

Hur neek ( 61.),'fOrking ~lith t omato, not-ed that in 'overy i nst an ce t he

pr-esence of a r eJ.at i veJ.y J.a r ge cr op of fruit HaS f ound to be t he caus e of

z-et.arded deve.topment , He c.iadmed that nitrogell W"dS t he J.imit i ng f'a ct.or- for

gr olfth when t.aken by the f rui t . In a .lat er paper (62), the worker found

t hat gametd.c u nion in "t he tomat o punt caused a stilnuJ.ation in met aboJ.i c

a ct ivity, \"lith r-esu.rcarrc i nc reased v eget.ati.ve gr owt-h , Dearborn (22) , uork-

i ng epecf.tLca.Lry ."Ii"th cucumber- plants, corroborated Hurlleek r s work ,

I t has been said (95) that per-enrri.a.Ls , as r epr es ented by the cher-ry

t r ee , may al so be siLularly aff ected i n cer t ain phases of' t.he veget.a t.Lvo

cye.te by the r-eproduct dvc proce s ses .

Hurneek ( 61.) Ha S of' 'the optni.ou that in respect. to uoody perennials ,

the anaIysd,s of the ef f ect of reproduction upon vegetative growth is made

more comp.tex by the pr es ence of' proportionalLy J.arge amounts of st ora ge

product s of dXverse types .

Uo at tention hus been gi v en t o t he pos sibJ.e effects of seXUal fertiJ.i -
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zatd.on upon the vegetat ive growth of cof f ee; however , some investigators

have tried to exp.La.iu the drop i n growth rate to the r epres siv e influence

of fruit development . 'l'hi s was t hought to be t he r esult of monopoli zation

of the synthesized product s (50,53 ,70 ,71, Bl,').L) .

Thomas (8l" p .353) said,

•• .•.l;eaf analysis i s based on the f unctioning a ssimilat ing leaves as the
control .Labor ator ies of nutrition ••• •The emphasi s on t he modern work i s
pl a ced upon the i nternal concentration of nutrients in the .Leaf , es ­
peciallY upon the changes i n l eirel s during different s t ages of the
growth cyc.t.e ••••

The nitrogen cycle of the leaf has been I'o.LLcwed by a number of' ,mrkers

in t he tempor ate r-egi.ona , 'rhomas (82)tracOO i t i n Pyrus~ for on e grow-

ing s ea s on , and found that f r om t he first sampling of .Leaves in spring, there

was a steady decrease of t ot aL ni t r ogen to t he middle of August , an increase

to the middle of September , t hen an ot her decrea s e u ntil .Leaf fall . He claimed
l

that t he increase in nitrogen i II September was attributed to a cessation of

v egetative growth . The second drop from Septenilier t o l eaf f all ,;as cau s ed

by a t ranslocation from the leaf into the one and bm year-. old wood . He

concluded that the t ot al nitrogen and certain partiti on f ractions var'Led ,/ith

gr owth, decrea sing vrhen gr cwt h was very r api d .

Hurneek ( 63 ) worked with app.te trees and came t o t he same general Con-

el usions . He stated that the great e st drop occurred during the early dev el op-

ment of t he Leaves when there is a heavy demand for ni t r ogen by a.LJ. the

succulent organs , and again in late fal l . This Harker post.u.Lat.ed that a

ni trogen equilibriwil s eemed to exist i n leaves in nu dsurrmer .

Other invest igator s Har king ~lith the same and other t empera t e zone trees

have come to similar conc.Iusd.ons (9,J.J.,lJ2,4f3, 64). Judkins (41) , howev er ,

found no corrolation bet ween leaf' nitrogen and shoot grovrch i n the poach

t ree .
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Cameron and Appl=n (J2) and Cameron and Compton (13) t raced the ni- '

t lJogen cycie ill t he orange t ree and r eported that the tree conta i.1ed mor e

ni t roge n just "t>el'or e the initiation of gr owt h activity in t he spring than at

any other time of the year , During the pe r i od of active grovrth, blossominG,

and fruit s et ting i n the apring and earl~" suraner , a decrease occurred in t he

nitrogen content of all par t s of the t ree . During the summer and autumn,

there was a gr adua l i n crea se t o t he mid\'linter maximum, 'I'he drop i n nitrogen

at the time of new grovrth and blossoming tras conf i rmed by Hi.Lgeroan et a.L,

(37) and J ones et a.i , (40) .

Herndlhofer (36) in Br a zil st udi ed the nit-r ogen cycle of coffe e . He

analysed compos i t e samp.Le s of young and ol d l eave s over y mont h , lli s results

showed that leaf ni t r ogen 'las hi ghest f rom AUE;USt t hr ough J anuary "ith a

high peale i n Sept ember an d another i n December . Lowe st, values ucr o in t he

months of April and July . He stat ed that the development of the fruit causes

a drop i n nitrogen of the l eaves .

Roelofsen and Coolhaas (72) and SchHei ze r ( 76 ) in the Dutch Ea st Indies ,

presented dat a on the nitrogen cycle of the coffee t rees . 'rhe data of ;,:oel of ­

sen and Coolhafls i ndicated an almost continuous dr op in l eaf nitrogen of bear­

ing an d non- bear i ng trees from leaf maturation to .leaf f all, 'l'hey could not

ascertain wi t h ce r t 3iJlt y th.qt the devel.opment of t he ber r y caused a shor t age of

nitrogen. Schuei zer not ed t hat l eaves i ast ed onl y one year becau se of the very

dry" sea son . He found that a gr eat bl oss omi ng W"lthdrew nitrogen fror~ t he l eaf

and that a heavy crop wou.J.d cause early l eaf drop long befor e t he fruit ripened .

He l.rent on to say, however , that a normal crop did not withdra\l nitrogen from

the l eaf but did from the bark and wood of the branches .
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MATERIALS AND NETlIODS

Growth Heasur ement s of Mature and Innnllture Coffee Trees

The n~thod 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-

elusions of Beaumont (6), in Hawaii, who found that terminal growth and lateral

growth are closely and positively correlated.

Lateral growth measur- ements were made at the Institute in Turrialba to

estimate the vegetative growth rate of coffee. The gr owth of an individual

branch was determined by measuring separately, t he linear increases of the

last two internodes. Also, the advent of new internodes was recorded. These

measurements were made every 14 days. lfuenever 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 gro\ith of each measured

branch was tabulated on this record individually. The growth increase for

each tree was found by averaging t he growth increases of t he respective meas-

ured branches.

The method of analyses for significant differences between 14-day in­

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

f I t XJn..C!!::l)ormu a = for groups of equal size was used, where t =test for
sx2

significance at the 5 per cent level. Xdesignates the difference between t he

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

of squares of both gr oups . The formula t =fJ nln2 (n l - n2

(nl - n2)

was

used for groups of unequal size. The growth measurements of t his work were

separated into three different experiments.
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'I'hi.s part of t he itudy t raced the gr m-rt h of h7 z-an domi.acd mat.ur-e bear­

i ng cof f ee tree s in a corrnnerciaLLY oper a t ed f ie.ld f or the s ccond year . 'fhese

trees wer-e i n t wo p.i.o t s of ground , i\ and B, separat ed b;y- a amaf.L stream.*

Pl ot A was f lat . Pl ot B .was higher than pLot A and s .Lopcd t owar d s i t.

From Sept ember , 1949 t o Dec~nber, 1949, gr o,ffih of. trees in bot h P1.ot s .~~s

measured at the same t. Ime every 14 days . Howcver-, due t o a f l ood i n December

19h9 t hat i nw ldB:ted p.Lot A and disr npted t he soil surfac e , i t " a s deemed ad­

visable t o di s continue measurements of that p l ot . r,;ent y- f i ve new t rees " ere

then selected and marked in pl ot B at r andom among t he -measured t r ees of t his

p.rot , 'l'he experiment t hen continued to December- 1950 .

Four to sa.x branches on ea ch -or ee wer-e selected to determine t he ve geta-

t ive gr o.%h r at e . 'I'heae branches wer-e he a.rt .hy la t eral s and wer-e dist r i buted

as evenl y as possibl e over t he ent i r e t r ee .

~M:'..~ Hnd def'rui t ed mf~~,:!!:~~

'thi s exper-Imerrc was s i.t.uau ed i n t he Inst dtut. c exper i ment a l pl ot s , and r an

from .lune J.94-9 to JU1.y 1950 . I t was divided i nto 4 treat ment s .

1. Fert.i.li?:~. ,g W?-!,.:he.at~~n~ 'i'he ae t rees wer-e .fcrti J_ized once hcav.i.Ly

.rith so dium nitrate (1,79 grIT .per t ree ) ou Hay 20, .L%9 , and on ce on Hay 2 , 19 .50 .

2 . l'erti_!J:.z.~q 5 applications.,. The s e tree s wer-e f er t iJ.ized lightly lfi t h

s odi um nitr ."te (1('0 gm. pe r t ree) on Jf{,'Y 20 , cTul.Y 20 , and Oct ober 1. , 19L,9,then

on Hay 20 , an d. Jlll.V ·~O , 1.9 50. 'I'he f ert i l i zer f or bot h t reat ments was appLi.cd

i n a ci.r-cLe ( 6 inch Lnner- diamet er and 1 5 i nch out. er diamet er ) a r ound t.be ba s e

of each t ree .

* For more speci f i c de s cr i pt i on of f'Le.Id see pa ge 21
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3. Dcfruit."~tc'" These t.r-ees "ere defruited 1 time in the 1949 season

and 4 times in the 1950 season.

4. Untreated ,£E.' Contro~~ rhese trecs "ere untouched and used sole.Ly l' or

comparison "lLth the proceeding treatments.

The exper-Iment was of a randomized block design \'fith 3 r'ep.Li.cat-Lons con­

taining 5 trees each. Six laterals per tree wer e selected at r-andom for the

gr-owt.h measurements.

The trees of t.lris experiment "ere approximat.ej.y 1-1/2 years old when f :erst

measured and were situated in the Institute nuresery , they "ere measured from

November 1949 to December 1950. Artificial shade of approximately 40 per cent

"as provided by overhead spacing of cane poles to approximat.e the natural shade

over the mature, trees. '1'heseyoUllg trees wer-e 26 in nwnber and in 1 block.

Each one vias considered as a replication.

'l'\Vo lateral branches \Vere selccted from each tree for moO-surement. One

br-anch was at the lOHer portion and the other branchwae at the uppcr portion

of the tree.

FioHer and Fruit Counts

The data on the f'Lower' counts Here gathered by Hoger Jean Baptiste, a

graduate assistant, at t he Institute. '1'11e location of the trees HaS about, 1/2

mile from those that wez-e measured for vegetative groVlth. Counts wer-e made

appz-oximat.e.Iy every 7 days from 50 trees "lith 2 branches used per tree.

(Fig.3).

Source of data for fruit count Has the 47 trees in the corsner-c lu.Lry

operated field. '1'he fruit "as C01U1ted 3 times; April 9, Hay 5, and June 20,

(Fig.3).
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Both groups of data "ere surrrnard.zed and calculated as to percentage of

flowering and fruit set at cer-t.ai.n periods dur-Ing the season.

Foliar Analyses

Leaves used for rutrogen and ash d~ternunations came from the 47 macure

trees. 'i'he trees were divided into 3 replications in relation to position and

proximity. Each month 4 leaves Here taken at random positions from each tree

and pl.aced in a marked paper bag, together with those of the other trees in

that replication. These leaves Here selected mid\'lay on the leafy portions

of the Lat.ez-e.Ls (24), and wer-e unbl.emished ,apparentlY hea.tt.hy specimens. 1;lel.l­

man (93) has noted that mature coffee leaves may remain on the tree as long

as 3 years.

'l'he samples were taken at approximat.ej.y 9 0 I cl.ock in the morning (18, 52,

84), then immediately carried to the Labor-at-or-y, They were brushed clean of

all clinging matter and dried in a forced draft oven at 70° C. (23,8Lr) .

\fuen thoroughly dried, the pet.Lo.ee were separated from the blades and

discarded. (46,86). Only the blades wor-e used in these analyses. The leaves

wer-e then ground in a lVily mil.l to pass a 0.5 mm , screen, redried to constant

l'leight at 70 C. and stored in sealed bottles until ana.tyzed ,

Total. ni.t.rogen was det.ermi.ned by the modified Gll:nning Kj e.Ldah.L method

Al.cohol insoluble nitrogen Has det.ermi.ncd by the Kjeldahl method (3) on

the sample after 12 hours washing with 80 pOI' cent alcohol. in aoxlu.et ex­

tractors (49).

AlcohoL sol.ubl.e nitrogen Has determined by subtracting the percentage of

alcohol insoluble nitrogen from the percentage of total nitrogen.
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'fatal ash was determined by subjecting the sample to a temperature of

5250 c. in an electric muf'f'Le furnace until constant 'veight '\TaS attained (3).

Percentages wer-e determined on the dry \Veight basis (96), and the mathe­

matical interpretation of the data Has by analysis of variance ,>'ith both 1

per cent and 5 per cent levels of significance computed.

Soil Determinations

'l'he field location for this experiment was the same as thil.t of the 47

rnature trees. The field covers about one hectare. As a whole it get~ly slopes

t oward a stream on one side. Hore specifically, it consists of a f'Lat, 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

surface soil 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 level is r-o cky in s orne parts but Hith a greater c.Lav content than the

surface. There has been no definite cLaas.if'Lcat.Lon of ao.i.Ls in this region.

Six permanent locations ..ere selected in relation to the investigated

trees, and marked ,-lith numbered posts. Positions were selected as f'oLl.owe t

2 on the high flat portion; 2 on the Sloping por-td.cn; and -2 on the low

portion cf the field.

'l'1-ro levels of soil Here analysed at each position; one level Has the sur­

face to 3 inches, the other level '\TaS at the 16 inch depth.

Each position "2.S divided into 4 quadrants -,-lith l.2 sampling points, roughly

1 foot equidistant, in each quadrant. One point in a ouadr-arrt Has sampled each

month. l'he four resulting samples were then placed together and considered as

a composit sample for thnt indjvidual position. 'I'he surface sample and sub-
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surface samp~es were po~~ected at the same point.

'rhe point for samp.Idng was first cLeaned of debris, then the surface sod.L

was dug with a small hand t rowe.L and p.Laced in a marked paper bag together

,lith sof.L from the other :3 quadrants. After the 4 points were samp.Led for

surface soi~, they were en~arged carefu~~y ~ld c~eaned of ~oose earth to pre­

vent contamination of the subsurface Lever , An open soil auger was then

screwed into the soi~ to approxDnate~y ~6 inches for the subsurface samp~e.

'I'he samp.Les wer e taken ililrnediate~ to "he Labor-ator-y, picked clean of

a.L; rocks and objects unincorporated with the soil, and weighed and dried in

a forced draft oven at 55" C. to constant weight (5,27,68,69,74). 'i'he scd.L

samp.Les vrer-e then ,[sighed again, crushed .Light~y in a porcelain mortar and

passed through a 0.59 nm. screen. The samp~es were p~aced in large mouth

bot.t.Les and redried at 55" c., then corked and stored until chemicar.ty ana.iyeed ,

Total nitrogen was ana.rysed by the modified GUnning Kjeldahl method (3).

A.l~ s amp.Les Here ii.1 duplicate.

j,itrate ahrogen was analysed by the phenol-disulfonic acid method (69)

with a K~ett-Sillmnerson colorimeter (43).

Soil moisture at time of samp.rLng was computed on the dry weight basis.

'I'he method of analysis of data was by ana.Iysd,s of variance, \11ith each

month considered as a treatment and each position considered as a r'ep.Ld.catd.on ,

Separate analysis of var-i.ance wer-e run on both Leve.i,s for t.ot.a.L nitrogen, ni­

trate, and soi.L moisture. Both the .L per cent and 5 per cent Leve.i.s of signi­

ficance were computed.

C~imato.Logica~ Data

All c~imato~ogica.l data were taken from the Institute weather station.
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Average 4 week maximum and minimum t.cmpcr at.ur-es are presented i n gr aph form .

(Fig. 6) . Al so , average 4 week ~{cightro mean temperature s are pr esented in

graph f orm (Fig. 6) . t he weighted mean temperatur e was obtained by measur ing

the ar ea under t he curve with a p.Lanomet cr ,

Rainfall data are presented in graph form fo r 4 week pe riods (Fig . 6).

Light i ntensity data was measur ed in hours of sunlight . Average 4 \reek

J.ight i ntensity figures are pr esent ed i n graph f orm (Fig. 6 ).
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Growth Cycle of Coffee

An examination of the data presented in this section will demonstrate that

the vegetative growth cycle of cofieein the Turrialba region is pronounced

and defini.te, (Fig .1) ,
,

lljature :tl'~es

The, first measurements wer-e started on July 11, 1949 when tho growth rate

was decreasing (Table 1), In the next 14 day period there was a minor but sig-

nificant increase in growth. From August S, there was an almost continuous

drop to November 15, At this time the trees were considered dormant and con-

tinued in t.his state until December IS'1 From thi.s date there was a gradual

but significant increase in the rate of growth to January 20, 1950,

A great increase in the rate of growt.h occurr-ed after t.hi,s date and con-

t tnued to increase until Har-en 6, It then dropped to a .Low on April 16·

The trees at t his time were by no means dormant but actively gr-owi.ng, Another

increase occurred on 11ay 14 and lasted until Hay 30. This 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. 'l'he decline into dormancy then began and continued downward to

. December 1, 1950, at which date the exper-iment, was t.emrlnat.ed ,

,
The growth curve of the young trees aLSO ShO\fS a periodic cyc.i,e , This curve

____• 0 .' •• _ ••••~__• _

*Though the p.Lant is considered dormant at this time, an occasional branch did
show vegetative activity.
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'I'ab.Le 1

Smill,JAnY OF DA'l'A 3HOHING THO W;~EK AVlm.A@ GROfTfH PER 1ATElU\L
BRANCH OF FOH'l'Y-SEVEN HA'l'tnlli COFFEE '.cHEPS

(Centimeters)

- -~~~-.'- ------...

Datc Growt h De.te GrOlrth

JUly .u , J.949 0.55 Nar. 17, 1950 1.1+6

Ju].y 25 0.78;' Har. 31 1.29;*

Aug. 8 0.79 Apr. 16 0.57*

Aug. 22 0.47;' Apr. 30 0.60

Sept D 6 O.23~~ !'lay 14 0.96 ;f

Sept.20 0.27 Hay 30 l.01

Oct. 4 0.% June 15 0.96

Oct. 18 0.21* .Iune 30 0.76 ',(-

Nov. 1 0.07 * July 14 0.32 *

Nov. J.5 0.02 Aug. 1 0.23

Nov. 29 0.05 Aug. 17 0.28

Dec. 18 0.05 Sept. .. 3 0.54 *
Jan. 6,1950 0.19* Sept.18 0.54

Jan. 20, 0.24 Oct. 3 0.61

Feb. 3 0.77"" Oct.lS 0.50*

Feb. 22 1.41+'" Nov. 1 0.36 *
Jilar. 6 1.66* Nov.l7 0.14*

Dec. 1 0.07

;f Sig. diff. from preceding dat e @ 5~;
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bear-s a striking similarity 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, 19~9, to

January 16, 1950 ('1'able 2). 'i'his was the lowest point in the growth.rate curve.

A steady increase occurred from this date to Barch .15. rher-e was then a sig­

nificant drop to April 29. Just afterwards, the second and greatest growth

surge began and lasted until Ju.1y.1. From tillS great peak in growth it dropped

precipitous.1Y to August 3. The growth rate then started up again and lasted

until. SepteElber 16, whence it dropped to December 1, 1950.

The general gr-owth curve of these trees (Fig. 2) c.rose.iy f'o.Ll.owed that of

the 47 mature trees. The growth of these trees was first measured on June 14,

1949, on an upward growth swing. The grol<Tth increased to JU.1y 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 growth again developed and lasted until July

30. A steep drop subsequent.Ly occurred to August 2. 'l'he next measurement

period showed a slight increase in growth but after this, the trend again

took a downward direction.

On.ty the def'ru.Lt ed trees showed a significant difference in growch over

.1;ha1; of the contro.Ls (Table 3). 'i'hese differences manifested t.hemee.rves 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.

Although the intensity of the grol'rth curve of the defruited trees was

greater trlan that of the contro.Ls, the cyc.Ie remained the same •

. .
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Table 2

SUHl~;.nY OF DATA SHmm,G 'NO lfillcK f.V1~HAGE GROVrrll PER U\'l'ERi\1
BRilNCH OF 'lllEN'l'Y-SLC miA'fUnE COFFEE 'l'HJ.illS

(Centimeters)

-~--.....-.~----~ .._~.~._,..-. '.' .-_._----_. -_.~ ... - ....__ ..._---_._-
Date Growth Date Growth

. Dec. 16, 1.949 0.43 June 15, 1950 2.2.3*

Jan. ') 1950 0.12* July 1 2.44,-,
.Ian , 16 c.os July II, 0.82f

Jan. 30 0.12 Aug. 3 0.2;)1-

Feb. 15 0.2'7* Aug. J_7 0.22:

Nar. 5 o.l.1 Sept. 2 1.0(j<-

Nar. 15 0.84>' Sept .16 1.1,7

Mar. 29 0.70 Oct. 3 1.14

Apr. 15 o.2(j<- Oct. 18 0.90

Apr. 29 0.23 Nov. 2 0.4'"

Hay 1.3 0.42 "Nov. 18 O.hO

Hay 30 0.63 Dec. 1 0.37

{f Sig. difL from preceding date @ 5%
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The other t.wo treatment s with the two levels of sod'ium nj:crate showed no

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

Flower and Fruit Counts

On February l7, 1950, the first flowers were observed and cour~ed. Accord-

ing to the data at this date it was estimated that the trees produced a 7 per

cent bloom. Including this dace to Harch 22, a total of 25 per cent of the

bloom han then occurred. From March 29 to April 19, 72 per cent of the bloom

was produced. The remaining .13 per cent was produced through June 7, 1950 (Fig.3).

By April 9, 1950, 76 per cent of the fruit had set on the 47 mature trees.

On May 5, a second count lias made showing that anot.hcr 7 per cent had set. The
,.

third and last count on June 20, 1950, showed that 17 per cent more fruit had

accumu.Lated ,

No more fruit counts were made after this time, since b.Loomi.ng had ceased

(Fig. 3).

Foliar Analyses

The alnlual total nitrogen cycle of mature coffee leaves presents a bi-

model curve (Fig. 4).

A look at Table 4 will SlOW that the curve during the months of November

and December J.949 evidenced a decrease in the per cent of total nitrogen. An

increase then began and continued until April 27. The total nitrogen dropped

after this to a new low on July 31. It then increased again t 0 October 31 only

to decrease the succeeding month. 'rhe lowest per cent of total nitrogen occurred

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

smU'lARY OF DATA SHOWING TlrO \lliEK AVERAGE GROVfl'H PER LA'l'El1.AL BRANCH OF
DEI'HUITllD, NITRATE F1'1l'J'ILIZED, MD UN'l'HEATED COFFEE 'l'PJiliS

(Centimeters) .

--~-.. --' .."~_ ..... -~.~_.",,- .. --...--,----

Date Defruited Fertilized Fertilized Untreated
2 times 5 times

June 14,1949 0.98 0.71 0.45 0.49
June, 28 1.66* l.Ol 0.99 0.64
July 12 2.04 .1.23 1.J.9 0.71,
July 26 1.72 . 0.77 0.78 0.59
Aug. 9 1.04 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.21 0.7C'ft'o 0.39 0.24 0.l7
Oct. 5 0.74 0.26 0.l6 0•.16
Oct. .l9 0.42 0 •.i4 O.J.O 0...9

j~OV • 1 0.J.9 0.10 0.05 0.05
Nov. 16 0.15 0.08 0.02 0.03
Dec. 14 0.02 0.17 0.00 0.07
Jan. 1,1950 0.20 0.22 0.l7 0.16
Jan. 15 0.37 0.40 0.38 0.55

Jan, 30 0.92 0.71 0.72 0.75
Feb. 15 0.95 0.72 0.63 0.63
Ear. 5 0.95 0.89 0.75 0.61
Nar. 15 J.• 26 1.23 0.71 0.84
!'jar. 29 0.77 L01 0.85 0.80

Apr. 18 0.40 0.54 0.1,8 0.49
Jlpr. 29 0.39 0.51 0.37 0.40
llay l4 0.51 0.65 0.63 0.41
May 30 0.71 0.80 0.79 0.73
June 14 1.75;' 1.45 1.45 1.33

June 30 2.03 1.59 1. 0 59 1.28
July 14 0.88 0.84 0.75 0.68
Aug. 2 0.49 0.52 0.35 0.42
Aug. 17 0.86 0.64 0.47 0.61
Sept. 2 0.74 0.60 0.51 0.53

ii· Sig. diff. from untreated trees 01 5% at same date
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The annual insoluble nitrogen cycle closely follows that of the total ni­

trogen (Fig. 4). Pi significant increase occurred from December 27, 1.949, to

April 27, 1950, then fell steadily to Ju1.y 31. ('l'A,ble 4). The next month showed

no change , There was t hon a rise to the second peak on October 31, 1.950,

f'o l.Loved by a drop the next month.

The solub.Le nitrogen in coffee leaves fluctuates considerably more than

the other two nitrogen portions; nevertheless, it still evinces the bi-modal

tendency (Fig.h).

The ana.rys.i s for the first date, November .LO, 1.949, showed the highest

in solub.Le nitrogen during the 12 month period (Tab.t.e 4). It then dropped

the next month. On Harch 3, 1.950, it was at the 12 month 1.0\{. A significant

increase occurred for the next ;~ months, and remained high for a third like

per-Lod, formi.ng one of t he peaks. The soluble nitrogen then dropped to

another Low the foHowing date, July 1. It again increased significantly for

2 months and remained high for a third. This formed the second peak. !l drop

then occurred October 31, and remained unchanged to December 1., 1950.

j~lalyses from -Leaf samp-Les taken ~ovcmber 3, 1950, from the defruited and

untreated trees, shoHed no significant difference in tota1. nitrogen (Table 5).
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Table h

SUl]}[Al1Y OF DATA SHOhliNG MONTHl.Y TIlliNDS OF LEAF NITnOGEN AND TOTAL ASH
(j~itrogen-parts per thousands: Ash-per cent)

-_.- - - - - --'Alcohol ~'·'·d_.~-'_· _"_,,~,,, .-. _

Alcohol
Date insoluble so.Lub.Le 'rot.a.t Total.

nitroge.n.___,uitr9£.81_1___<Di.trogen __..Jl,sJl

Nov. JO,1949 18.4 7.1 25.5

Dec. 27 17.7 h.9 22.6 8.59

Jan. 29,1950 18.4 5.3 23.7 6.90

Ear. 3 20.2 4.5 24.7 6.90

11ar. 29 21.2 5.9 27.1 7.42

Apr. 27 21.4 6',5 27.9 7.37

Hay 30 20.2 6.7 26.1 7.60

July 1 19.1 5.1 24.2 7.98

July 30 17.7 5.7 23.4 7.64

Aug. 31 17.6 6.9 24.4 7.92

Oct. 2 20.1 6.9 27.0 8.32

Oct. 31 22.1 5.2 27.4 9.01

Dec. 1 2.L.0 5.3 26.3 9.12

l\1:in. sig. d.i f'f ,

@ 1% = 1.5
@ 5% = 1.1.

0.69
0.50

0.51
0.37



35

3°..-------- ._--_._--_._-~--_._..

o t a L Nitrogen

2')·

"-g
~ 2
;:l
o

,t:
f-<

1­..
p,

'n 15
+'
~

<lI

""

10

5

--~-

9

...
~ 8.,
o
t-.
q,
lI.

7
,'iov
10

F'IG

Dec Jan )lar 111m' ApT' ~ay July July Aug Oct Oct Dec
27 29 3 29 27 30 1 30 31 2 31 1

4. MO~THLY TRENDS IN TOTAL NITROGEN, ALCOHOL INSOLUBLE
NITROGEN, ALCOHOL SOLUBLE NITROGEN, AND TOTAL ASH

OF MATURE COFPEE LEAVES (1949-1950)



Table 5

'rUrAL NI'l'HOG1'a~ OF iliAF SAl'j}°iliS OF BSUlING AND DD:FRUITlID
COFFEE TJ:llit;S, SAJ"ll"iJill NOVillffiER 3, .1.950

(Parts per thousand)

rtep.Lications

Treatment ih 112 113 Ave.

Defruited 30.538 29.326 29.032 29.632

B~aring 29.506 29.483 27.912 28.967

lUn. sig. diff.@ 516 = 1.771
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'l'otal ~sh

'I'he total ash content of the leaf, when presented in gra.ph form, shows

an as~wfietrical curve skewed to the left. (Fig. 4). From a high on December

27, J.949, there occurred a sharp drop to the 12 month low on January 30,1950.

'l'he next month showed no change, but a significant increase appear-ed tho

f'o Ll.owing period on March 29. After the succeeding month of April an almost

steady increase was then evident until December 1, 1950, wher-e it cqua.Lcd the

previous December high (Table 4).

Soil Deterrninatiorts

Total nitrogen

The fluctuations ih total nitrogen content of the soil, as evidenced by

the 6 fixed positions, were very small. over the 12' month period. This

applies to both the surface and 16 inch LeveLs (Fig. 5). In the surface level

only the month of April showed a. s.i.gn lf'Lcant- difference "nth 4 parts per thou-
- ~

sa.nd; the other 11 months averaged about 3.8 parts per thousand (Table 6).

The soils taken from the 16 inch level showed total nitrogen averaged

about 2.1 parts per thousand for '9.' months. The month of Barch showed a sig-

nificant increase, however-, to 2.8 parts 1'01' thousand. The next 2 significant

deviations from the average occurred as decreases on August 3, and August 30.

These values "ere 1.98 parts per t.housand and 1.95 parts per thousand respective-

ly.

Nitrate nitrog~

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

variations in both the levels sampled. Fluctuation was greater, hovrever , in
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Tab.Le 6

Sm,n''IAH¥ OF DATA SHOHINU HON'l'HLY FLUCTUATIONS IN TO'l'AL SOIL NITROGEN
(Parts per thousand)

Average of Average 'oT'--
Date six positions(1"-3")* six positions(16" }'''',

.-..,~,.~_•._~__ O-'O- _____•______~ ____._~_

._~..._------..
Nov. 9,1949 3.69 2.00

Dec. 27 3.86 2.04

Jan. 27,1950 3.82 2.24

Feb. 28 3.88 2.33

]JJar. 27 3.86 2.81

Apr. 27 If.19 2 •.L8

May 3.1 3.82 2 •.L9

JulY .L 3.84 2.26

Aug. 3 3.74 .L.98

Aug. 30 3.76 .1.95

Oct. 2 3.90 2.20

Oct. 3.L 3.90 2.15

i'.L"-3" min. sig. diff.@1% " 0.49: @ 576 = 0.'37

iBf.i6" min. sig. d.if'f", @ .i16 =0.31: @ 5%" 0.2'3
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Tab.Le 7

Sm['ulitY OF DATA SHOI'lIi'IG NONTHLY FLUGTUA'l'IONS IN SOIL NI'frUlTB
(Parts per million)

Average of -AVei:a.g:e~of-

Date six positions(1"-3")* six positions(16")**
_______-·w ..· ... _ ..----

Nov. 9,.L949 38•.L 5.8

'Dec. 27 22.8 8.9

Jan. 27,1950 41.0 .L5.6

Feb. 28 3.L.8 .17.3

Har. 27 25.0 13.9

Apr. 27 63.0 29.0

May 3.L 215.15 17.3

July 1 25.5. 18.8

Aug. 3 28.7 .LO.l

Aug. 30 26.8 .16.4

Oct. 2 26.2 20.4

Oct. 3.L 23.0 15.2

if.L"-3" min. alg , diff.@ 1% ., 13.01: @ 5% =9.76

*"16" min. sf.g , diU.@ 1% = 7.79: @ 5% = 5.84
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surface layer (Fig. 5).

Average nitrate content of the surface W3,S 32 parts per million with a

range of 23 parts per million in October to 63 parts per million in April

(Table 7). 'rhree peaks in the nitrate curve occurred; November 9, January

27, ffi1d April 27.

'£he first sampling on November 9, 1949, showed a high nitrate content of

38 parts per million. The second measurement period, December 27, showed a

decrease to 23 parts per million. An increase occurred the next month to a

second major peale of 41 parts per million. It then dropped to a low of 25

parts per million on March 27, 1950, but again increased the next month to the

highest value, 63 parts per million. After this it dropped to a low and con­

tinued 1'Jithout any s i.grri.I'Lcarrt change for the next 5 months with an average of

about 26 parts per lnillion.

The more uniform 16 inch level showed only one high peak in nitrate con­

tent. Tlus occurred on April 27, 1950, with 29 parts per million. The first

significant difference in rrit.nat.e content of the 16 inch layer, occurred l~ith an

increase to 16 parts per million on ,January 27, from 9 parts per million the

month before. No change occurred until the Anri..L high. The nitrate content

t.hen dropped the next month to 17 parts per million, remained the same for

another .Like period, and decreased again, to 1.0 parts per mi.LLi.on by August

3. It then increased to 16 parts per nUllion by August, .30, and remained about

the same unti.L the end of the experiment.

Hoisture

The soil moisture in both levels shovred a definite periodic fluctuation

during the 12,'~ month period of observations. (Fig 5).



Tab.1e 6

Silljl'lARY OF DATA SHOWING HON'l'ILLY FLUCTUA'l'I01'JS OF SOIL MOISTlJRlj;
(Per cent)

Date
-----.-<--- Average of--

six pOSitiollS(.1"-3") *
-P:veraie'oi~--~-

sdx positions(.l6")* *
- r ____•

~-<-~.~.~.-.. -,", ---_.--~_._---_.~---

Nov. 9,.1949 47.2 40.3

Dec. 27 5.1.7 38.8

Jan. 27,.1950 48.2 38.5

Feb. 28 44.0 39.8

}iar. 27 4.1.3 38.3

Apr. 27 ,36.8 36.0

Hay 3.1 43.7 40.3

Ju.1y .1 52.0 47.3

Aug. 3 54.2 43.0

Aug. 30 50.0 42.3

Oct. 2 49.7 4.1.2

Oct. 3.1 49.7 42.3

«-.1"-3" min. sig. diU.@ .l,% =9•.35: @ 5% = 7.02

''*.16'' min. sig. dirt' .0' J.% =4.93: (~ 5% =3.70



43

The surface Leve.L had at ail times a greater mcf.stur-e content. It

ranged from 37 per cent on April 27, to 54 per cent on Auguet, .3 (Table S).

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

1950. The moisture content then continued decreasing t 0 April, 27, for the

12 month .tow, It then began a steady increase for 3 months to the 12 month

high on August. 3. 'I'he next 3 months thereafter, ending ",ith October 31.,

showed no signif'icant. change.

Soil moisture in the 16 inch layer remained ,lithout significant change

for the fIrst 5 months of observation from November 9, 1949, to }lcl,rch 27, 1950.

,lith an average of .38 per cent. The 5th month, however, started a downward

trend tlVl,t ended on April 27, ,,,ith the 12 month 10H of 36 per cent.

A steady Lncr-eaae occurred the next 2 months to the 12 month high of 47

per cent on July 1. II significant drop appeared the next month to 43 per

cent and continned on lathout change to October 31, 1950.
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DISCU~3SI()l'i

Observations from J1Hy 1948 to December 1950 show tVlo main periods in

the grmvth cycle. One is the minimum gro,Tth period that covers 5 months from

the midd.Le of August to the midd.Le of January. The other is the maximum

grovrth period that occurs during the r-ema.lnf.ng 7 months.

In order to attempt exp.Lanation of this cyc.i,e , as many factors as deemed

feasible wer-e t.aken into account. These were of both external and internal.

types. Externa.L factors inc.Luded those of c.Lirnat.Lc and edaphic phenomena.

Int erna.L factors included those as repr-osented by observations of the re-

productive cyc.Le and foliar analyses for nitrogen f'r'act.Lous and total ash.

It is significant to note that during the .L9h9-.L950 growt-h cyc.Le; maxi-

mum amount of rainfal.L, high surface soi.L moisture, J.east light intensity, and

Lowest, temperatures wer-e coincident wi.t.h mlrrlnairn vegetative growth in the

'l'urrialba region (Figs. 5 & 6). At this time the lowest amount of nitrate was
•

found for J. month in the surface soi.L and for 2 months in the .L(, inch Leval.,

'i'he onset of vegetative growth Has coincident Hith a decrease in rainfall and

surface soil moisture, an increase in light intensity, a slight increase in

maximum temperatures, and an increase in the nitrate content of both levels

of the, soil.

Mcf'ar-Lane t s data (50), howevez-, showed that in the pr'ececd.i.ng year, 194$,

during the dormant season, the rainfau was quite different. On.Ly ].LO nm,

feU durll1l.\ the months of November and December, as compared to 1,363· linn. dur-ing

the months of November and DecemLnr 1949. Juso, dur-Ing the period when vege-

tative growth was greatest, the rainfa.L1 vias quite different betwee(l the 2

years. During the months of February and Barch .L949, .L04 ITlln. of rain feil as

compared to h55 nm, of rain the same months a year later. Another striking

difference between the 2 years is that the maximum rainfall occurred in I'lay,
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1948, and in November and December 1949.

r.ight intensity for both years ,ms a.1Jnost opposite. Weather records

showed the least amount of light during the mont.hs of November and December

1949, '"lhile in the preceeding year NcFarlane I s records showed that the most

.Light occurred these 2 months and the following 4 months.

'J.'hough rainfa11 and J.ight conditions were different for both year-a, tem­

peratures wer-e quite the same. The months from December through !"larch showed

the Lowest, temperatures for both years.

Considering these 2 sets of observations, the conflicting data of rain­

fall and . light intensity for the 2 years seems to negate any supposed effect

of these respective factors in controJ.ling the vegetative grmvth cycle. It

may also be stated here that ouservatdons for a 12 month period showed soil

moisture ",as never a limiting factor, as represented by a minhlt1Jfi amount of

36 per cent.

'I'he nitrate content of the soil, although fluctuating markedly, does not

seem to present itself as a limiting factor at any time during the 12 mont.h:

observation per-Iod, It ,ms negative1y cor-r-e.rat.ed .dth the rainfall and is

shown to be coualder-abry leached by heavy rains in November and December. Never­

theless, at this Lowest point in content the 16 inch layer showed from 5.S

to 8.9 parts per nU11ion, and the surface layer, vrhere most of the feeder roots

are concentrated, showed from 22.8 to 38.1 parts per million. This statement

t.hat, nitrate does not O,DDear to be a limitjng factor is seemingly corroborated

by the information of Russell (74). Also,the characteristic leaf ye.Ll.ovzing of

nitrogen starved plants have never been seen in 'the matur-e pl1l.ntings (75,85).

The absence of significant1Y increased vegetative growth and unchanged

grcwth cyc.Le of the ru.t.rat.e fertiJ.ized t.r-ees further suost.antd.aces the belief

t-hat, f'Luct.uat.Lons of nltrace content in the soU of this region docs not control

the growt.h cycle.
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Exper:i.mentaJ_ results showed that the total nitrogen of the soj_l- may be

disregarded in this respect. A significant increase in total nitrogen occurred

at the end of April in the surface level, and at the end of Narch in the 16 inch

level. Also a significant decrease occurred during the month of August in the

16 inch level. 'I'he se deviations were only temporary as ShOl'1l1 by the next

month's observations, and exhibited no apparent bearing either upon the nitrate

content 01" gro1;'1"t..h rate.

Temporature at first appears to be an important or at Least, a significant

factor when compared with the growth cyc.Le , Bot.h dormant periods occurred during

the months containing 101, t.enper-atur-es , However, by looking at Figures 1 and

6, it vlill be seen that actualJ.y, the growth rate began to decrease at least

3 months before the advent of lower tenlperatures in 1949,and at least 5 months

before the advent of 101,er temperatures in 1950. NcFarlane (50) observed that

even though the month of JanuaF,f 1949 had the lowest temperature, vegetative

growth rate had already begun its upwar-d slring at that time. This then, lends

strength to the idea that the sma.Lt temperature fluctuations as such, in the

lurrialba region do not act as a controlLing factor by suppressing grOlith (50).

The relation of temperature fluctuations and gr-owth may be vi.ewed from

another aspect. Hany plants require different periods of low temperatures

during dormancy, This is quite woll known in the case of temperate zone

perennials (17,19,29,38).

Humphries (39) made studies in the tropics of tile periodicity and intensity

of Cacao fluslllilg in Trinidad. He compared these data Nith different environ­

mental conditions and concluded that flushing lias positively correlated with

maximum air temperatures. However, a critical examination of the data showed

that the most intense flushing generally came after a period of low temperatures.
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\'ilwre ever the growth of coffee has been reported upon, tha-e is a general

agreement that a definite active and dormant vegetative period exi.sts , 'I'he

dormant period occurs during the cooler part of the year. I
T01~ard~, or ~ the

end of this cool period, vegetative growth is initiated (ol,20,25,36,53,89,90)

Initia.tion of gz-owth may be delayed until the beginning of the rainy

season, \dth apparent-Ly scd.L moisture acting as a .Limiting factor (54,70).

It seems, therefore, that this low temperature period should not be dis-

counted as having a possible stjj'nulatory effect upon the vegetative activity

of coffee.

A study of all the avail-able data (1,l6,20,25,28,36,50,53,71,89,90) shows

that flowering and vegetative growth gencraHy fall \dthin that part of the

year containing an increasing day length. 'l'h i s is true both above and below

the equator. Coffee gr01~lllg very near the equator seems to exhibit periodic

growth and bloom that varies in time from region to region (28,54,72,76,79,91).

'rho analysis of this phenomenon is comp.ii.cat.ed by the fact that the in-

crease in day length in many regions is usuai.Ly preceeded by rnirdnnun tempera-

tures and accompanied by rains. It f'o.t.Lows , therefore, that only until these

other environmental factors are separated out by studies under contr;oJ_l.ed con-

ditions, \dll it be possible 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 vegetative growth of the coffee tree. Their opinion

is that the developing fruit monopolizes the synthesized products to the detri-

ment of the vegetative parts.

'l'he present investigation has not given data \-Jtlich conforms Hith that

vf.ew, Defruiting of trees during the 1950 season did not pr-event the dormant

period nor did it delay the (""proach of dormancy. The only signifi.cant
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diff'erence that occurred vras a more rapid growth race during the approach to

and peale of veget.at ive activity,

Host fruit trees, as in the case of coffee, Lncr-eaae vegetative activity

imnediate.l.y before, during or inunerliate.l.y after blossoming and fruit setting.

Dear-bor-n (22), Nurncek (62), Hurnook and WittvlCr (65), Hithfor (91+), and others

have found that there is an increase in activity in the vegetative portions of

the plant at the time of sexua.L fertilization.

Gr010Jth measurements of young coffee trees that wer-e too young to bear

show that a.Lt.hough these young plants did not function reprocluctive.ly, 'Olley

ncver-cho.Lcse undcrvrcrrt a.Lnosb sirnu.ltaneously the same vegetative cycle as the

- mature p.Lant s , The only difference that exi.st-ed between the bro grol'rth rate

curves was the more intense gr010Jth of the young trees. This might be explained

by juvenilit3'. It appears, therefore, that in the case of coffee the repro­

ductive. process has .little or no apnarent effect upon the vegetative cycle

as a whol.e.

A great percentage of the nitrOGen of a tree is .Located in the .leaves

(11,.12,.13), and as such, t.ho periodic fluctuations. of the eLement in these

organs are deemed metabo.licaJJ.y iJir1Jortant. 'i'he fluctuation of total nitrogen

in the coffee leaf c.Lose.Iy foH01lS that of the vegetative growch , Both rise

and fall in general unison ,lfith the exception of the April s.Iump in growt-h rate.

The dates of increase and decrease of the t,'TO cycles wer-e so c.lose, that it is

no possible in t hi.s study to determine exact.Ly whi.ch mani.fested itself first,

gr01lfth or total nitrogen. 'l'he alcohol insolubLe or proteinaoeous fraction

(L.4) represents r-ough.iy 2/3 of the total amount and shows practically the same

f Luct.uatLone ,

The aJ.cohol soluble or labile form a.Leo shows r-hyt.hrni.c f'Luct.uat.Lons in re­

lation to the gr01lfth curve. Comparisons bet.we en the tHO, howevcr , are not 11S

easily defined. Decrease in the Lab.i.Le nitrogen continuos armo st. to the first
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peak in grovrth rate, then Lncreaecs whi.Le t.he gro.....:rth rate takes its first drop 0

The nitrogen fraction thea remains unchanged wh.i.Le the grov1rth rate again in­

creases. After t hi s , not.h va..Lues drop t.oget.hcr , 'l'he Last. and minor rise in

the grmrth rate is pr-ecceded by a rise in so.Lub.Le nitrogen. The tHO va.tuos

then drop again together.

'1'his inforfnation seems to .i.nd.i.cat.e t.1.1at the percentage of foliar nitroeen,

e specdu.Lty the proteinaceous part, is c.iose.ty and positive.Ly related 1dth the

growth cycLe as 1J. who.Le , and is not a ne,c;at:i,.v.."!; result of the gr-owt.h as inferred

by Cameron and AppLeman (12) in the case of the orange tree.

The insignificant difference between the nitrogen content of .Leaves of

defruited and bearing trees at the time of harvest, "ends to corroborate the

opinion of' Hoo.Lofson and Coc.Lhaas (72) who could not find any dofin:i.te effect of

cof'I'ee fruit development on the l..eaf content of this element. 'fhis is in con­

trast with Herndlhofer (36), who c.La.irns that fruit deve.Lopmerrt in coffee causes

a decrease in leaf nitrogen.

The tota.L ash, as represented by per cent of the dry ,might, shows a

trend cntd.r'e.Ly uruike 3XlY of' the ot.uer- factors studied. It seems connc ct.ed

Hith the overa.LJ. periodic cyc.Le 01' the p.Lant , Dur-Lng dormancy of the plant,

the content of ash is at its height, \vith the initiation of grmrth in the

ear.Ly part of January there occurs a sharp drop in this constituent to the

Lowest point of the year. An almost st.eady increase t.hen occurs, cu.lrni.nat-Lng

at t he end of t he next dormant period.

'l'hese data seem to indicate a rapid translocation of the minerals from the

leaf to other portions of the p.Lant, probab.Ly the meristematic regions. As the

growth rate progresses in its dowrraar-d and uneven course to dormancy , the mineral

content of the leaf is gradualJ.:r built up ag~in.
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eOHCllJSIONS

Tl1'3 r;r mft h cycLe of the coffe e t r ee i n the 'l'urrialba r egi on ShOH S a

def inite per iod of ve get ative a ct ivi t y and dorman cy . The months of Februar'y ,

Harch and Juno sh ow the most act ivity "rhi l e t he mont hs of Novembe r and Decem­

ber show t he Least ,

Envi r oll111ent a1 f a ctor s such a s l i ght i nt en sity, rainf a l l , so il moi stur e ,

soi l. ni t rate and t.ot.a.L soi l ni t r oGen do not; s e em to conti -o.L t he grmrth cyc.re

by a cting as limiting fac t ors .

'lhe onay observed errvi.r onment -a.t fact ors t ha.lO wer-e cor-r eLat. ed \'li t h :;r o\,n;l!

ane t.emper at.uz- e und day- o.cngt.h , Bot h t hc do rmant per i od a nd 1.0 \'1 t. ernpcr-at .uz-ea

o ccur t OGet her . The Lower t.empei-acures , however , a i-c not cousi dcr cd as cau s ing

do r mancy but. as po s ~3ibJ..;y" breaking t he rest period .

Phot-opcr'Lod.l.s .n CaJU10t be cvor-Look ed , I n di f fe r ent r egi ons above the

cquat.or- -:;tJl1ere obser-ve...t ions have been mado , the gr ovrt h cyc.i,e shotrs t hat in­

cr eased veget.atLvc acti vi t.y and bl os s om.i.ng o c cur on a.n Lncr- ea si.ng day l ength .

Be.Low the equat.or-, llherc s i mU ar obs ervations have be en made, Lo.u :-rth and

b.Lo saou .irig aJ.so occur on an i ncr ea si ng day l ength .

·..nlet hcr the 0 rO\lt h cycle is cont a-o.tr ed by ei t her of t.hcce ti;lO envir on­

mcnt.a.i factors , an Lnt.erp.Iay of bot h , or some ot her common f a ct or , ca nnot be

i mmedi at eJ.Y ascert aiucd and must av...ai t. mor e det ai l ed at udy ,

Dor man cy i a not caused by f rui t deveLop.ncnt, a s f'or mer .ty suppos cd i n the

ca s e of cof f e e, nor dOGS br.oa aotn.lng ne cessar i l y st i mul ate t;roVl1:' h . 't he gr ov-rt h

cycJ. e of d cfruit ed and .inmatur-e t r ees substantiate t hi s fact .

'l'he pos.it. Lve coi-rcrac Lon bC"('UC Cil t he amount of Lea r lli t r 0,38 il and grolfGh

l' t_t"l:'8 SCUd S 'to i udi cat e that a vcr:I c.i.oae l"c j.a-l.i ol1s hip exiat s be t ween -i.:.he t 'i'IO ,

. \lith t,h~ po cs ibi l j.t y of l nt.cr naJ. nitro gen actiilS as a cont rol J.. i ng I'act.or-,



Total ash constituents of the loaf ShON an armua.L cvc.Id.ca.L trend. the

data indicates a nega,tive relationship wi.t h g:co1,.,rt h .
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:3UlJ,ARY

'i'he po ssLb.Le effects of some ext.er-na'i. factors as light, temperatures,

rainfall., so i.L moisture, and soil nitrogcn,;t and 30m~ internal factors c-1S

effects of reproduction, foliar nitrogeu and foliar ash, [lave been scudi ed

in em attompt to exp.La'Ln t he periodic growth of coffee.

onry t.wo environmenta.L factors seem to be associated lnth the cycle;

temperature and day length.

10\' tempcrature does not seem to act as a liJnit:ing factor but is be­

lieved to act po sa.ib.Ly as a stimulant to grmvth by br-eak.i.ng the rest period.

1\11 data available indicate that coffee initiates grmJth and blossoming

on an increasing day length, both above and be.row the equator.

The growth cycle is not noticeably affected by either pha.se of the repro­

ductive cycle.

/\. po sIt-Lve correlation exists oet.we en the grovrth r-at e and internal nitro­

gen as represented by foliar ana.tyaes, Credence is given to an hypothesis

that internal nitrogen may act as a cont-r-o.Ll.Lng factor to gr-ovrt.h ,
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SUJ!IARIO

Con el objeto de tratar de explicar e.L crecimionto peri6dico· del

caf6 se han cfectuado eecudaos de los poe.Lb.Les efectos de algunos factores

ext.ernos , como luz, temperatura, humedad y nitr6geno del sueLo; y algunos

factores internos, como efectos de reproducci6n, contcnido de nitr6geno y

ceniza en ias hojas. Este cic~o parece estar asociado con des factores

ambd.enta.Les . so.Larnent.e r temperatura y longitud del di.a.

Una temperatura baja no parece ser un factor Limi.tant-e , per-c se cr-ec

que posiblomente actnle como e,gtiTTluJante on e.L crecimiento par romper e.L

peri.odo de descanso.

Las informaciones dispon:Lbles indiean que e1 eaf~ inicia sus perfodos

de creeimiento y de florescencia en una longitud del dfa cr-ec i.ent.e , ambos

sobre y bajo e.L ecuador. 1':1 ciclo de cr-ecfrai.ent.o no es afectado percep­

tiblemente POl' una u otra de las fases de.L cic.Lo reproductivo.

J::;::ciste una positiva correl.aci6n entre e.L grade de cr-ec.uaient.o y e.l,

nitr6gono Lut.crno , quo se ha podido comprobar per an:1.Lisis fo.Liares. So

do. cr~d:Lto a una hip6tosis de que e1 nitr6geno interne puode actual' como

un factor det.orntlnant.e del cr-ecfmi.ento ,
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