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The greatest demand the developing f~t imposes upon the coffee tree
(Coffea arabica. L.) is for carbohy.Jrate mat er ial originating in photosynthesis.
How great is this demand relative t o t.ha ca~city of the tree for carbohydrate

, prOduction? Is the rate of current :prodllctt¢nof sugar and starch sufficient
to support vegetative growth and fruit d~elopm.ent simultaneously, or must pre
viously accu.mulated storage carbohydrate be depleted? T'ne relation between
supply and demand may be determineo. by following an appropriate carbohydrate
index without necessary reference to absolute rates of photosynthesis or rates
of utilization. Such an index should show increases during periods when photo
synthesis exceeds utilization and decreases when utilization is in excess. More
over, cha.nges in the index should bear a direct relation to the over-al1 balance
of supply and utilization in the tree.

Canbohydrate fractions in various parts of the coffee tree were reported by
Dean and Beaumont (6). Total sugars, starch, and acid-hydrolyzable materials
were determined in roots, bark of vertical branches, fruiting lateral brapches,

-new lateral branches, leaves, and fruit of fertilized and unfertilized trees.
On examination of their data the fraction most sensitive to fertilization ap
pears to be the starch in the leaves and young lateral branches. In fertilized
trees these authors reported 13.56 percent starch in the leaves and 8.16 per
cent in the lateral branches1 whereas, the total sugar concentrations in these
parts \-lere 5.63 percent and 3.70 percent, respectively. In many plants, starch
is a reserve form of carbohydrate which can be utilized readily for growth pro
cesses. Hence, the starch content of coffee leaves or young lateral branches
might satisfy the requirements of a. carbohydrate index.

In choosing between the leaves and the lateral branches as the most appro
priate plant part to be used in the index, it is evident that the leaves have a
practical advantage in that successive samples may be removed from a tree with
relatively little damage to the tree.

Diurnal Variations in Starch Concentration of Coffee Leaves

If values for leaf starch are to serve as a carbohydrate index for the
coffee tree, they must reflect seasonal trends in the carbohydrate balance of
the tree as a Whole. large variations in leaf starch during a day might miti-

'JJ Credit is due 11r. Edward Fukunaga and his staff' at the Kona Branch Station
who supplied the growth measurements and collected leaf samples used in this
study. .
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gate its value as an index. In many herbaceous plants the starch content of the
leaves varies greatly in the course of a single day. In stu.dying the hourly
variations of carbohydrates in leaves of sunflower, Clements (2) found in one
case that the starch concentration when expressed on a fresh ~eight basis,
dropped from 1.6 percent to 0.2 percent in 1 hour between 6:00 p.m. and 7:00 p.~.

This loss in starch represented a decrease of about 9 percent of the total dry
weight of the leaf. Denny (7) de~ermined the changes in starch content of leaves
during the night for ' a number of plant species. In tobacco' and sunflower leaves,
losses as great as 90 percent of the starch were observed during the night. In
leaves of woody plants such as grape, hawthorne, and peach, nocturnal' losses of
sta~ch were significant, but not as great as in the herbaceous plants studied.
From the studies of Clements and Denny it is evident that in many plants much or
mos t of the starch found in the leaves functions as a transitory storage form
and might not prove :useful as an index of carbohydrate status for the plant as
a Whole.

Diurnal changes in the 'starchco~tent of coffee leaves were ,det ermined at
the Kona Branch ptation on M3.y 20 and 21, 1952. The trees sampled were in ex
perimental plots receiving complete fertilization. The samples taken were fully
mature leaveis l which had been produced in the spring months of the same year.
At each Sampling time, four replicate samples of 12 leaves each were obtained.
Each sample consisted of three leaves from different sides of each of ,f our trees.
Thus, a total of 48 leaves frC!m 16 trees was .0 btainedat each sampling. The same
16 trees were used at each time of sampling. The fresh weight of each sample ,~s
determined, the leaves were cut into thin strips and quickly dried in a forced

. draft at 700 to 740 C. Six to 10 minutes were required for collection of the
samples. The total time elapsed between the begir.ning of sampling and the begin
nlng of drying did not exceed 30 minutes. The results of this experiment are
shown in table 1.

In contrast with the leaves of other plants as reported by Denny, the coffee
leaves 'showed no significant loss of starch during the night. There was a S'ba
tistically significant increase in starch between 12:05 p.m, on May 20 and -11:00
a.m. on May 21. This increase was not great, bub may indicate that the over-all
rate of synthesis was currently exceeding the rate of utilization of starch at
the time these samples were taken. In any event, i t i s appar ent from these re
sults that the starch of coffee leaves is not subject 't o- lar ge fluctuations of
the type found in sunflower by Clements. It is reasonable, then, 'to suppose that
in the coffee leaf starch is ~tored and utilized over periods of days or months
rather than minutes or hours, as is the case with some other plants.

Seasonal Variations in Carbohydrates of Coffee Leaves

Between 1947 and 1951 a study of the seasonal variations in nutrient element
composition of coffee leaves was conducted at the Kona Branch Station. The trees
used for this purpose were made available by the Department of Horticulture.
From the earlier results of these studies '(4, 5).it became apparent that more
knowledge was needed of the seasonal varia.tionsof carbo~ydrates in the coffee
tree. For the purpose of obtaining such information, 18 t r ees were selected for
detailed study. These trees were spaced 12 feet apart. Each of the trees had
three vertical branches. These verticals were 1, 3, arid 5 years of age in De
cember 1949 and 2, 4, and 6 years old at the end of the following year. Leaf
samples were obtained during the first week of each month during the period be
tween May 1949 and l-fa.rch 1951. One sample of 10 mature leaves was obtained from

....
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Table 1. DiUL~al variations in the starch concentration (expressed as
percentage of the dry weight) of coffee leaves.

Time of sampling
-------------_........:.•

May 20 - 12:05 p.m.
2:00 p.m,
4:00 p,m.
6:00 p.m.
8:00 p.m.

May 21 - 5:10 a.m.
7:00 a.m.
9:03 a.m,

11:00 a.m.

Least significant difference

5 percent
1 percent

Starch

10,63
11.54
11.92
11.69
11.94

11.57
12.28
12.17
12.25

1,285
1,742

the current year 1s growth on each of the older two vertical branches of each
tree. During a portion of the study similar samples were obtained from the pre
vious season's growth (i.e., the portion of the branches currently producing
fruit). During the 1950 season, samples were also obtained from the 2-year-old
vertical branch,

At frequent intervals during each season as the crop developed on the trees,
samples of fruits were taken from each vertical branch. For each sampling date
the cumulative production of fruit was calculated from the weight of a known
number of fruits in the sample and the recorded weight of any fruit harvested.

Five lateral branches on each vertical were tagged and measured at regular
intervals to provide an index of -vegetative growth.

The results of these determinations on two vertical branches from each of
18 trees were plotted for detailed study. Since these data are too voluminous
to be reported here in their entirety, illustrative examples have been chosen
for detailed description.

An additional 24 trees were studied less intensively throughout the same
period. From these trees leaf samples were obtained and analyzed, usually at
monthly intervals. Determinations of yield and stem growth were made annually.

Carbohydrate fractions in the young mature leaves of one tree are shown in
table 2. It may be seen that leaves from each vertical branch showed marked
variations in starch content during the period of observation. In comparison
with these variations in starch, the changes in concentrations of reducing sugars
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- . Table 2. Sea.sonaJ.-val'llIt:tons"·i:n-carbo~ra:te"s,,·texpressed as percen-
.'''-'' tage of the dry weight) of coffee leaves borne on vertical

'''-' ' .branches of different ages.
"'\,

'''"'
Date

~
May
June
July
Aug.
Sept.
Oct.
Nov.

'\ 2 years
Reducing ITotal

Starch I sugar . sugars

4.61
,12.52

5.81
4.03
7.05
6.34
5.11

4.36

2.48

.7. 61

5.55

II
"i

I
;10.60

7.69
, 6.84
: 5.32
! 5.49
I 3.62
1 4.01 .

.2. 81
' '3 . 00 I
2.76
2.56 I

,2 ~ 49
2.65
3.00

5.93
5.10
6.74
6.. 26
6.16
5.88
6.41.

1950
.Jan.
Feb.
Mar.
'Apr~

May
June
July '
Aug.
Sept.
Oct.
Nov.
Dec.

12.21
Jan.
Feb.
Mar.

691 i. ,
10.40 \
11..42 JI
20..86 '

. 22.38/ '
15.10

, 5.60'
6.5'1
3.63
2.0~
1.80
3.J.:j.

j
'l . 5f
3.94
5..7?

i

1.90
1.68
1..51
1..78
2.51
2.66
2.13
2.40
2.14
2.01
2.07
2.22

3.56
2.99
2.68

6.34
5.65
6.63
6.28
6.16
5.8'0
6.33
5.89
6.43
5.34
5.14
5.54

I

6.61 !
7.16 !

! 6.84 I

10.77
13.43
9.64

15.89
16.57
12.02 ;
, 5.08

2.70
1.25
1.06
0.47
0.73

5.03
5.35
6.22 i

!

1.88
1.78
1.99
2.12
2.06

2.42
2.23
2.21
2.77
4.58

2.34
'2. 41.
3.48

6.32
4.67
6.53
5.00
6.40

4.39
5.48
4.98
4.46
6.55

4.98
6.58
6.fY7

8.69
\12. 58
113. 01
j

1
18

•
73 I,19.92

r3
•
52 II 6.45

1
4..24
1.05

I
,0.68

I
, 0.80
: 2.33

I

I
, '2. 04 I
3.60 I

;18.45
;:
"

2.07
1.51
2.11
1.87
1.51
3.23
2.58
1.98
1.99 '
1.72
2.;1l
2.32

2.45
3.19
2.58

6..17
5.87
6.'55
6.32
6.41
5.10
6.16
5.56
5.16
3.60
4.75
6.19

I
' 5.59

6.56
I 6.14
i

and total sugars iin the leaves were"essentially negligible. Leaves from the 2-year
vertical showed variations from 22.38 percent starch in May 1950 to 1.54 percent in
January 1~5l. Starch in leaves of the 4-year-old vertical v~ried from 16.57 percent
in May 1950 to q.47 percent in November 1950. For the 6-year-old vertical the vari
ation was from f9.92 percent in May to 0.68 percent in October.

The period of rapid decrease in starch, as shown in table 2, corresponds with
the period of rapid fruit growth. The intimacy of this correspondence is illus
trated in figure 1. In this figure are plotted records of leaf starch, £ruit pro-

y Explanation of figure 1. Plots for leaf starch are designated by the years dur
ing which the leaves were formed: 1948 leaves, ..-- ---..; 1949 leaves .--. ; 1950
leaves ~x. Fruit produced during 1949 was borne on the stem segmerrt bearing
the 1948 leaves and is designated '-'- ~Fruit produced in 1950 is designated .--,.
Designations for lateral branch growth during 1949 and 1950 are the same as for
the leaves formed during those years.
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duction, and grovnh of lateral branches from one ver t i cal in its third and
fourth years of age. Records are shown for starch concentrations in both younger
and older mature leaves. Each curve is designated by the year during which t he
leaves were produced. For example, the 1948 leaves were those attached to the
segment of stem on which were borne the 1949 fruits.

During lvf.ay,June, and July of 1949 the starch content of the 1948 leaves
dropped very rapidly. The 1949 leaves showed an increase in Miy which "'18.6
followed by losses Ln June and July. Thus, during the early growth of the
fruits, the starch content decreased first in the older leaves. As fruit growth
continued, the starch content of the younger leaves also decreased. The moderate
crop produced by this vertical branch in 1949 would not be expec ted t o i mpose an
excessive demand for carbohydrate reserves. Relevant to t his observation, it is
noted that the starch content of the 1949 leaves reached a minimum value in
August. iFor the remainder of the period of f ruit development, it appears that
the photosynthetic production by these leaves was sufficient to compensate for
any carbohydrate moved to the fruit. Starch accumtllated during November, Decem
ber, and January, a period when both vegetative and fruit growth were nil. In
1950 a $uch larger crop was produced by -this branch. Rapid depletion of starch
from bo~h 1949 leaves and 1950 leaves was evident during May, June, and July,
when t !is crop was developing. Starch values remained low for several months
therea ter as production of t he crop continued.

cords for 5- and 6-year vertical branches from two trees are plotted in
figur 2. Starch values are for leaves produced in the same year they wer e
samp1 d, except for the period betveen January and I-hy Hhen only leaves of the
previ~us season were mature. In these two examples the relationship of fruit
produQtion to leaf starch depletion is further illustrated. The vertical of
tree +15 produced only a negligible amount of fruit in 1949, and correspondingly,
there jwas no decrease in leaf starch for this branch during the period between
May afld August~ This result illustrates the fact that the decreases in leaf
starch which may occur during the summer season are not entirely dependent upon
c1im~tic factors pectlliar to that season but are a response to demand of the de
veloping fruit. Furthermore, such decreases are related to the quantity of
fruit produced. During the same period the branch from tree 255 which produced
a good crop in 1949 lost starch from its: leaves quite rapidly. In 1950 both
branches had a good crop of fruit, and both lost most of the starch from their
leaves during the period of rapid fruit growth.

From the above illustrations it may be seen that the starch concentration
of the coffee leaf has attributes of a good carbohydrate index in that periods
of rapid dacreases in the starch values correspond to periods of rapid fruit
growth ,when the demand for carbohydrate is known to be high. I\10reover, at the
end of 't he per i od of fruit development, the leaf starch values may increase
rapidly.

Influence of Carbohydrate Reserves upon Growth and Yield

During years when climatic and physiological factors are favorable to fruit
production, the quant.ity of fruit produced by a tree is dependent upon factors
of tree capacity. Indexes of tree capacity are the cross-sectional area of the
vertical branches and the amount of bearing wood produced by growth of lateral
branches during the previous season (1, 5).

--- - .1.- --. - ., _ ... _ _ .............. VoL VJ. ..LQ u u .L ..L \. J L L



~AF STARCH...
:x:
C!>

ww
~~
I- >
Z c=wo
(;)
i.e:. i.lJ
w:x:
0. l-

LL.
o

l--~ x

t
\, \ ---...............

5 .. ' . "'-........»> •__ LEAVES GRCWf~ IN 1948',. 0- LEAVES GROWN IN i949
. ......- -.... . lI(--)( ··.LEAVES GROWN IN '250 I '~':::£--"/-f.K I I j I I I I01 I I . I t t= I I J I I I . '

GREEN FRUIT PRODUCED .

.>:.---

1949 1950· 1951
Seasonal records of leaf starch, fruit production, and growth of lateral branches
from one vertical in its third and fourth years of agey

---- .

a:
...:
:;E

CD

~
z
c
~

e
c»

... :>
g ~

FRO IT GROWN ON t 948 STEMS

.-.• FRUIT GROWN ON 1949 STEMS

>;E.

/'

,/

g:
<

>t--J( J(x-
l<.-

. /" - BRANCH GROWTK IN 1949

/;( X -)( BRANCH GRCMTH IN 1950
)(

A"..

./

a:
<C
:IE

m
w
LL.

GROWTH OF LATERAL BRANCHES

z
c
~

ffi
c

:>
<:>
z

---.",...-- .

...
g

t:
w
v:J

,/

s
<:(

J,
I

40

a:
'0.-w...

W
2i... 20._z
w
'"

10 -/•
o- w

>- ~...:
:IE ~

, Figure 1.
s



- TREE 115
x-x TREE 255

----..--.----- .
.... -~-----~~-~)(~_.~ . ---~ x

\

,
, ~-'-----

GREEN FRUIT PRODUCED
/~

i-.
:/.---J.---

~/
_'It

IllAFSTARCHt\./-~
a: 15

1.JJ~
Cl .....
«
~== 101.JJ >-
00:0
0::0
LLI
<.LIL.

0

5

0

c.o 20
.;:a
<a::
C>
0
;.J- 10
>c::

a:
c<
::IE

CD
I.LI
IL.

z
<
~

fi3
C>

,..
o
z

I
o
o

l....
I.LI
Cf.)

CI
=>
c<

>
oJ
:::>
~

LLI
z:
:J..,>

<
2i

a: a:
< 0
:Ii c(

<Xl
LU
IL.

z
c<
-:>

fi3
o

>o
Z

x._~~X

....
s

l:;:
LU
ee

CI
:::>
0«

_--TREE 115
x~TREE 255 .--:~;'I(;.~ ~-)( )(,

1 )(
I j.1 _ I. _! 1 I _ _ _ _ .L_.L__.L ..L 1 I

>
..J
:J.,

GROWTH OF LATERAL BRANCHES..-------

I.IJ
>- :z< :J
:E ~

3°·-

GO

ffi 2C.....
I.IJ
:IE

.....
:z
I.LI
<:>

Ie
I

1949 1350 1951

Figure 2. Seasonal records of leaf starch, fruit production, and growth of lateral
branches from verticals in their fifth and sixth years of age. Starch
values are for leaves produced during the same year as sampl~d, except
for the period between January and May, when only leaves of the previous
season were mature.
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For a given tree, a year of heavy bearing may be followed by a year of light
bearing. This may be attributed in part to insufficient production of new bearing
surface (Le., growth of lateral branches) while a heavy crop is being produced
(1) • That curtailed grovtth of lateral branches can be associated wi t h an excessive
depletion of starch from the young mature leaves during the growtp of the fruit
crop can be illustrated in the examples of figures 1 and 2. The· records of figure
1 s~w that for this tree, growth of the lateral branches in 1949 proceeded at a
gener~ly rapid rate until September. The decreased growth rate in September may
be associated with the lower rainfall in that month (figure 3). Final cessation
in gro~~h in November and December coincided in time with low minimum temperatures.
In 195d\the growth rate had been decreased as early as July, corresponding i n time
with nearly complete depletion of starch from the young mature leaves. Tree 115
(figure ~) showed rapid growth in 1949 until September. Starch remained high
througho~t the growing period in this case. In 1950 there was only a brief period
of rapid growth followed by near cessation in July, a month in which starch was
being depl,eted :t!rom the leaves rapidly. Tree 255 showed a reduced growth rate as
early as JVIy in 1949, which corresponded in time with rapid depletion of starch
from the l~aves of this tree. This tree grew only briefly in 1950, its period of
growth cornespondfng to a brief period of moderately high leaf starch. In brief,
each of these trees for which detailed records have been presented showed curtail
ment of lat~ral growth early in the season to be associated with depletion of
s'tar'eh fX:o~ the leaves. "'There the concentration of starch in the leaves remained
high, or a~ a moderate level throughout the growing season, the growth rate
remained hi~h throughout the ~er months. In the latter cases, cessation of .
growth was ~uring months of lower rainfall and. lover minimum temperatures. This
relationship betwee~ depletion of starch and early curtailment of lateral branch
growth is fpund in the other trees stUdied as well as in the eya.mples presented
here. \

1
i

From t~e results reported thus far it is clear that depletion of starch fr0m
t~e young ~ture leaves during the growing season is associated with curtailment
of" lateral $tem elongation. Thus, insufficient carbohydrate supply during the
growing sea.)3on limits the bearing surface for the crop of the following year. In
add,ition tc;1 this influence upon growth which may be considered an effect upon the
be~ing po~ential of the tree, an accumul~tion of carbohydrates in the newly
produced branches following growth cessation appears essential to high yield. The
degree to yhi ch this accumulation may occur is indicated by the increase in con
cerrtratd.on of starch in the young mature leaves during the period of flowering and
early fru!t growth (December to May for trees grown in the locality of the Kona
Branch Station). Most of the trees of this study showed increases in leaf starch
between necember 1949, and May 1950. The starch curve of figure 1 is typical of
most of the trees. The curves for trees 115 and 255 (fi-gure 2) represent the
extremes;encountered among the trees studied for this period.

To determine whether there is a relationship between starch accumulation during
early fruit development and the yield later in the same year, it is necessary to
relate yield to tree size. A "yield indeyll was calculated by dividing the total
yield of each tree by the total cross-sectional area of the bearing vertical
branches. Such a yield index should give a measure of the relative efficiency of
a tree for production during a particular year, if it is assumed that tree capacity
is faithfully represented by the cross-sectional area of the verticals. The latter
assumption appears to be essentially valid since in a year of high production the
yield per tree was found to be correlated with the cross-section area in a rela
tionship which was nearly linear (5) (table 61).
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The yield indeY is correlated with the content of starch in the young mature
leaves in April and May, as shown in figure 4. This relationship is based on all
the data available to date. It represents the data obtained from 42 trees in 1950
(dots) and those obtai~ed from 18 trees in 1949 (points marked x). The correla
tion coefficient is 0.8406. The concentration to which the starch in the leaves
rises during early growth of the fruit appears to be, therefore, one of the
important factors determining to what eytent a tree will bear to its full capacity.

Inspection of the records from the 18 trees from which e~ensive data were
obtained suggests another relationship which has not yet been SUbjected to detailed
statistical analysis. This relationship has to do with the period of time during
which the fruit continues to mature. During the 1950-51 season a number of the
trees studi~d produced a large proportion of their mature crop in February, March,
and April of 1951. This behavior can be traced back to a relatively high propor
tion of late flo1-rering. Although the nowering behavior was not stUdied in detail,
it is known in general that the major fl<:>wering occurs when a. q.eavy rain follows
a relatively dry period, usually February or March. November and December of J.949
were relatively dry months, but some heavy rain occurred in January 1950 (figure
3). In general, it appears that treeB which had not accumulated a relatively high
content of leaf starch by January 1950 had a high proportion of late fruiting.
From these observations, the level of leaf starch at the time of flowering may be
a major factor in determining the extent to which flowering will occur at one time.
In other words, if the tree has accumulated insufficient reserves at the time
when climatic conditions are suitable to initiate flowering, then the flowering
may be sporadic, occurring over a period of several months. However, this possible
relationship requires more detailed study.

Relationship of Leaf Starch to Total Leaf Dry 11atter

It may be noted from the nata which have been presented that the starch
cdntent of coffee leaves may vary from less than 0.5 percent of the dry matter to
over ~5 percent. The percentage of dry matter in a leaf, therefore, may be greatly
affect'eq by the amount of starch present. To determine how closely variations in
starCh~re reflected in the total dry matter of the leaves, 107 samples of young
mature eaves collected in May, June, and July of 1950 were subjected to statisti
cal .et ud . The correlation coefficient was found to be 0.9554. The regression
line is he solid line of figure 5. The dotted lines in the f~gure represent the
limits W~hin which the starch content of any particular sample could be estimated
with OddS.: of 19 to 1. The regression equation for estimating starch as percentage
of fresh eight from total dry matter, as percentage of fresh weight, is ! = 0.5389
X -16.110 ,. This relationship is suitable for rough estimation of leaf starch
in young . ture leaves (at least for the months investigated) by merely determining
the perce~te.ge.dry matt~r of the leaves. Inasmuch as the. accurate determ:i.nation
of starch t eqw.r es constderabl,e time and care, this relatJ.on may prove of value
for di~gnrticpurposes when high accuracy is not required. '

\ . Factors Regulating Leaf Starch

From the relationships shown in figures 1 and 2, it is to be eyPected that,
L~ a tree . earing anywhere near its capacity of fruit, starch will be depleted
from the 1 aves during fruit growth, since the demand of the growing fruit
apparently 'exceeds any possible rate of photosynthetic production which may take
place cone rently. However, any factor which would aid photosynthesis during this
period shou d have the tendency of alleviating and delaying this depletion, \-lith
the final e fect of allowing vegetative growth to proceed for a longer period of
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. Figure 5. The relationship between total dry matter and starch. The solid line is the :regres
sion obtained from 107 samples of young ma:ture leaves collected in May, June, and
July of 1950. Dotted 110'38 represent limits "'1.t hi n which starch may be estimated
from the dry matter of a sample with odds of 19 to 1.
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time. This vegetative gro'{th of lateral branches .Le essential in two respects.
In the first place, it produces the bearing surface for next year's crop. And, of
equal or greater importance, it provides new leaf area and hence photosynthetic
production for both the current crop and that of the following year.

After the grand period of fruit growth, carbohydrates may be eyPected to
accumul ate as evidenced by t lle increases in leaf star.c~ dur-Iug this period
(figures 1 and 2). The extent to which this rise occurs in the newly produced
lateral branches has an important bearing Upon the yielg index of the next crop,
as sho\{n in figure 4. To ~ontrol t he bearing efficiencYi it therefore appears
necessary to promote this accumulation of' carbohydrate reserve. One factor which
may limit this accumulatiqn isa defieiency of potassium.

In various plant species potassium deficiency is known to impair accumulation
of polysaccbarl,de reserves such as starch (3, 8)., Sufficient potassium should be
present in the trees at all sea.sonS if yield is not to be limited. However, from
results which have been reported in part (4, 5), and from further results to be
reported elsewh~re, it is evident that-the most critical period with respect to
the potassium concerrtr-atdon in the leaves is during the harvest season. The low
concentration in; the leaves at this time is related to a considerable accumulation
of this element ~n the fruit. In tree~ bearing heavily, the potassium concentra
tion of the leav~s in December was founq to be highly correlated with the percen
tage of dry matt~r in the leaves 21ll0bths later (5). In view of the close rela
tionship between it he 'per cent age ot My $ttet':' anti percentage of starch ~ coffee
leaves (figure 5 ~, these resultsreportad ~arlier indicate that the lack of
sufficient.potass.ium at the end of the hatvest season may prevent t he rapid accu
mulation or-star~ necessary for a high bearing efficiency. Attempts to offset
this depletion o~ potassium by supplying potassium fertilizer at frequent intervals
between l~ch and,July were not very effective, but it may be possible to increase
the potassium con~entration in the leaves by ferti~ization later in the summer.

A considerabl~ amount of' nitrogen is also moved from the leaves as the fruits
develop. This depletiol1 may be sufficiently severe to result in yellowing and
early dropping of th~ bIder leaves, thus impairing the photosynthetic capacity of
the tree. A small s~le experiment conducted by Mr. Edward Fukunaga at the Kona
Branch Station indicates that early leaf drop can be prevented by supplementary
application of nitrog~ during the summer months. A more comprehensive experiment
on this question is nol1' in .progress. .

.~
. .. .

'. Any factor which uill increase photosynthetic rate would appear to contribute
.t o yield of coffee. On~ factor which may be of considerable importance in some
localities of the Kona ¢i st r i ct is light intensity• . Although the benefits of
shading have been stres$ed by some workers LSee references in C9J7, Tanada (9)
found no ill effects of 'lstro~g SUJJ.1ight on coffee trees grown in nutrient solu
tions at Honolulu. More,over, his results show that plants grown without shade had
3.71 percent starch in their leaves, but plants grown in one-half shade had only
~.32 percent starch. The relations of sunlight to yield in the coffee orchards
1.n Kona still reql.\ire izivestigation. General observations indicate that the
lower elevations have more sunlight than the higher elevation$ of the Kona district,
~ince the presence of blanketing clouds is more frequent at the higher elevations.
In general, the times of flo'vTering and fruit maturation are both earlier at the
lower elevations. At l6"Ter elevations, flowering is more uniform, yields are
high, and the fruit matures during a short period of time. Undoubtedly, tempera
ture differences also playa part in Some of these responses associated with
differen ce in elevation. The need for further information on the interplay of

1 'l r) f.>1S~lllrr1 :.-. ...-. T . n o 01'\r1 II""IlT" TP'\'-!!I. ""o~_~,., ~_ .... _-- _ ....... _ .__..... __ • . .... -. ---,;;:~ ---_.
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light and temperature factors in the physi,olog~/o{coffee in the Kona district
was illustrated recently by the increa$ed inci,depce of "black bean, ff a disorder
in which the cotyledons fail to mature, but ~hrivel and t~ black. A survey
conducted by Mr. Edward Fukunaga in, May 1953' shQwe~ certain relationships which,
at the least, are very sug~estive. In, the Kon~ .distric~, black bean occurs in ",
the late season harvest only at relatively higb ,elevations. Several orchards in '
thisarfla were investigated. The oJ:1ly orchards in w~ch black bean ",as found were
those Ln which the spacing distance between trees' .was narrow and pruning had been
l i.ght. These orchards had very dense. growth of foliage.. il'u.rther, the blaok beSIlS
occurred on the lower branches of the older verticals, where the shade was most
dense. Samples of young mature leaves)ier~tS.ken,f r o.m three orchards at ele~":'
tiona of 1,500 to 1,800 feet. Th~ percentagesot drY matter in these leaves; the
approximate starch contents as estimated from the relation of figure 5, and the
actual starch percentages as ~etermined by analysis ,are shown in , table "3. ,Tp,e
estimated starch percentages of the samples fall well within the range of deviat5.o.1
to be expected from the relation of figure 5. This illustration confirms the
utility of the estimated starch values for purposes of approximation.

... :....

Table 3. Observations relevant to· the incidence of black bean in
three orchards at elevations of 1,500 to 1,800 feet in
K.ena, Hawaii as ob.served in May, 195,3.

Leat' com;eosition (fresh basis)
orchard Approximate Inc1denceof Dry ' Estimated ' Aotual

spacing black bean matter starch starch

feet RSrcMt percent m,rcent

A ,9 x 9 none 39.69 5.28 4.17

87 x6 occasional 32.50 1.41 1.47

C 7 x 6 high 28./J> 0.00 0.82

. . . -
, The leaves collecterl from the orchard high in the incidence of black bean

bad' the 'lowest starch percentage. In ' light of the re~tions of starch to growth
and yield, as illustrated in earlier- seQtions of this paper, it is suggested that
black bean develop~ as a result of insufficient carbohwate for the normal
development of the fruit and ,tl'!at lack of sunlight is an important factor. If
this is the case, cultural practices ",hicb should aid. in preventing recurrence of
this disorder are wider ~pacingand more heavy pruning. In any event~ it is
evident from these observat,ions that more detailed studies of the relations of
light and temperature to carbohydrate status of co'ffee trees grown at different
elevations 'Would be of value.

SUmmary and Copclusions

The concentration of starch in the leaves of thecofree' tree represents a
suitable carbohydrate index, as evidenced' by the following: '

1. Starch accumulates in higher concentrations in the leaves than in other parts
which have been analyzed.
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2. The concentration of starch in the leaves has a very wide range of variation
(i.e., from less than 0.5 percent to over 25.0 percent).

J. Leaf starch in coffee does not vary greatly during a 24-hour period, ~howing

that its accumulation does not represent transitory storage as is the case
in some other plants.

4. Seasonal variations in the leaf' sta.rChCQ,AAentratiop may be great. Concurz-e r. t
variations in soluble sugar conoentTations $re relatively slight or insigni
ficant.

Seasonal changes in the starch concentrl!ltion of the leaves reflect changes
in the balance between carbohydrate production ~d utilization. During the grand
period of grmvth of the fruit, the leaf starch qoncent r at i ons decrease rapidly.
The rate and extent of this decrease is related ~o the amount of fruit developing.
As fruit growth approaches completion, leaf star~h concentration increases if
nutritional or environmental factors are not limiting.

\
By following detailed records or logs of tl:\a·\starch concentration throughout

a season for a number of trees, it is possible to detect several seasonal periods
where the carbohydrate balance (as evidence~ ~T ~the starch concentration) may
become limiting and profoundly affect the :yield-of the tree:

1. During the grand period of fruit growth,' if the de~+etion of carbohydrates
is too rapid and too severe, vegetative growth may ~e limited. This has the
twofold effect of limiting the bearing surface for t he crop of the following
year, and of limiting the leaf area and hence the c~pacity of the tree for
photosynthesis for the current crop and for the fol~owing crop as well.

2. The productive efficiency during the current year maybe li~t~d if insuffi
ci ent carbohydrate reserve has accumul~ted at the ti~e of flowering ahd early
fruit growth.

J. The eJ<tent of carbohydrate accumulation at tj~e time ~heri cliIratic conditions
are favcra'?le for flowering may affect the extent of 'n ower i ng at that time,
and hence t he exberrb of early and late bearing. r

t

Re~ults to date indicate t hat some control over carb~hYdrate production and
accumulation me.} be exercised throu~h fertilization, spacipg, and pruning. Further
st ' l_-'lies Oi.r e neer'e.l to determine the effectiveness of these\ practices "Iith refer
ence to the relat:.onships reported here.

Seasonal changes in the total dry matter of coffee l~ves are closely corre
l ated anQ are largely the result of changes in starch conce~tration. From this
relationship an approximation of the starch level in leaves \of specified matlU'ity
may be obtainer'\ b:r simply determining the percentage dry mat\ter in the leaves.

Observations are described which, in light of the experi~ental results
reported here, indicate black bean of coffee may be caused by \lack of sufficient
carbohydrate to permit normal development of the fruit under conditions of low
light intensity.

- -r--- '..... ~_-I._. ",",,~ vUIO.4U"'''G !':! .L. U W U~.l l.~. v .}~ . 1 ~ 1_ 1 1 1 .I __ l .t-! r ! _ l r , ' '''''' f.;..IS I.fl~
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