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INTRODIYCTION

In the summer of 1923 members of the Office of Crop Acclimatiza-
ion and Adeptation Investigations of the Buresu of Ylant Industey,

while investigating the sources of crude rubber and the possibility of
American crude-rubber production, found a planting of several
species of rubber-bearing plants made about 1903 at Bayeux, a
sugar and caceo plantation 30 miles west of Cape Haitien, on the
northern coast of Haiti,

The plantings consisted of species of Castilla, Hevea, Manihot,
Ficus, Mimusops, and Funtumia. With the exception of the Castilla,
none of tho spectes had ever been tapped regularly. A few trees of
each species, however, showed old scars, indicating that tapping had
been attempted, as though from curiosity to see how the latex would
flow, but none of the trees had been tapped within 8 or 10 years.

Since the first interest in rubber production had died out, the
Castiila and Hevea had been untended snd had been utilized as
shade for cacano. The Funtumia, grown on waste land between a
small stream and a high hill, had been used for firewood and fence
posts and allowed to grow wild in competition with the native vegeta-
tion. The other trees were present in small nwmbers and were

1 The tapping oparotions on which this report is based woere conductad in Haltl by F. C. Baker, tech-
nologfst, W. H. Jenkias, nssistant agronomlst, and Lourenca Bolte, agent, sll of the Qiflce of Cotton,
Rubber, nnd Other Tropical Plants.
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2 TECHNICAL BULLETIN 65, U. 8. DEPT. OF AGRICULTURE

located along ditch banks and in out-of-the-way places where they
did not, interfere with the main operations of the plantatiorn.

The climate at Bayeux clossly resembles that to be found in other
paris of the American Tropics where rubber production might be
considered. The mountainous topography of Haiti produces e
wide variation in climatic conditions. Localities within a short
distance of each other are often quite different in regard to temper-
ature and reinfell. This would afford an opportunity to test the
culoural requirements of plants which could be growa under these
varying conditions during the same period that tapping operations
wore being conducted at 'i?.ayeux.

The ease with which Haiti could be reached from the [nited States
was also an important factor, meking possible a close coordination
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APPBRIMAYE SCALE N FT
F16. 1.—Positiona of the Hewven trees {n plot A

with the investigations in the United States and allowing free move-
ment of equipment and personnel at a minimum of time and expense.

TAPPING OPERATIONS

Through the courtesy of the North Haiti Sugar Co., the owner of
the Bayeux estate, members of the Department of Agriculturc were
allowed to undertake experimental tapping of the rubber trees. Ar-
rangements were also made to permit the department to use the
seeds for experimental purposes, i order that plantings might be
made ab Bayeux and other places for observations on growth rate and
cultural requirements under a variety of different conditions.

Tapping operations were started September 1, 1924, For the first
experiments 95 trees of Hevea drasiliensis were selected. These
trees were scattered irregularly over an area of approximately 2
acres and very closely interplanted with cacao. A map of this plot
showing the relative position of the Hevea trees is shown in Figure 1.

This plot, which is carried in the records as plot A, has a sticky black
alluvial soil about 234 feet deep, underlain with coarse river gravel.




TAPPING HEVEA RUBBER TRIES, 19241925 3

The ground slopes slightly toward the sast and north, %art of the
oast side being actually under water for short periods after heavy
rains during the wet season. The water table in dry seasons is about
3 to 4 feet. In wet seasons it rises elmost to the surface. The plot is
surrounded on all four sides by drainage canals. The canal on the
east side, which is approximately 4 feet deep, always carries running
water. The canals on the north and west sides are about 1 foot deep,
and the canal on the scuth side is about 2 feet deep.

Before tapping operations were started the trees were numbered
and the girth measurements taken at 1 foot and 3 feot from the ground.
These measurements sre shown in Table 1. The trees were &PProxi-
mately 21 yoars old when tapping was started. They were weli-
formed, sturdy trees and appoesared to be in a healthy, thriving con-
dition. Considersble variation was noted in the bark and seed
characters. Tho bark varied in color from light to dark gray. The
surface of the bark on some trees was quite smooth, while on others 3t
was very rough. The thickness of the bark ranged from 5 to 10
millimeters at a height of 3 feet from the ground. Differsnces in the
textire of the bark were noted in tapping, the bark of sowe trees
having a soft, smooth, cheeselike structure while that of others
was hard, dry, and gritty. Thessed varied in size, shape, color, and
markings, -

Tavey 1.—Girth measurements of Hevea rubber trees al 1 fool and S Jeet from the
ground in plot A at Bayeuz, Haiti

Glrth measure- ! | Girth measure- i Clrth roeasure-
ment {inches) ° mont {{nches)

ment {inchaa}
Tree No. T e T

At At Al ! At3 | ALl
feat foot i : feot foot

sBRynsyasres

Tl 4,338 4,86%

i xR
Aean {i_595; & 578
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Beginning with the st of Ociober a number of trees of Funtumia,
Mimusops, Ficus, Manihot, and Castilla were also tapped. Other
Hevea trees were later added, so that 298 Hevea trees were finallly
included in the tapping experiments. Only the observations for
plot A, containing the first 95 trees, are included in this report.
Caleulations of individual-tree records, except where otherwise noted,
have been made from 94 trees, since tree No. A-38 had practically
stopp?id yielding latex before the first individual-tree records were
staried.

During September the trees were tapped daily with one right cut
on one-third of the circumference, the lower end of the cut being
approximately 1 foot from the ground. A f-inch Andrews tapping
knife, which is essentially & F5-inch half-round carpenter’s gouge, was
used.d From the 1st of Octobsr the trees were tapped only on alter-
nate days.

During September and the early part of October tie latex from all
trees was bufked together and brought into the coagulating shed in
ﬁﬂﬂs' Daily records of the total yield of latex of the 9% frees were

li)t. It scemed desirable, however, to record the yield b% indi-
vidual tress, and this system was instituted October 21. It was
found impracticable to coagulate the latex from the individual trees
separately, and so the system of recording the yield in cubic centi-
meters of latex was continued. In order to be able to measure the
vields in the laboratory rather than under the trees, wooden trays
were made, each to hold exactly 30 of the poreelain cups used to cateh
the latex. Numbers were stenciled in tho bottom of each tray to
show where the cups from the tree having the corresponding number
should be placed.

The cups of latex were gathered and carried to the laboratory,
where the measuring was done. This made possible not only aceu-
racy in messuring the latex, but also speed in handlng it, thus
evoiding spontaneous coagulation in the cups as much as possible,
Any lumps of rubber which coagulated in the cups were measured
with the liatex. The measurements were usually taken only to the
nearest even-numbered cubic centimeter.

After being gathered and measured the latex was bulked together
and strained to get rid of any dirt or lumps of rubber. The latex
was next diluted with its own volume of water. Coaguletion was
then brought about by adding acetic acid in the proportion of
1 part of 0.5 per cent acid to 3 parts of diluted latex. This propor-
tion of acid to diluted latex caused coagulstion in approximately 20
hours. After coagulation the rubber was rolled. During the first
part of the experimental work this was done by hand, with & small
wooden roller. Later s small hand-power sheeting machine wss
used.

After being rolled into sheets the rubber was rinsed in water,
allowed to drain for a short time, and placed in the smokehouse.
The sheets were allowed to remain in the smokehouse until they were
dry enough to show no cloudy placés when held up to the light.
The dry weight of the rubber was taken when the sheets were re-
moved from the smokehouse. The cup serap, or rubber ccagulating
in the cups, and the tree scrap, or strips of rubber pulled from the
old cuts before tapping, were dried and weighed separately.
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PLOT YIELDS

The month-by-month plot yields of latex, cup scrap, tree scrap,
end smoked sheet for the entire period from September, 1924, to
August, 1925, with the exception of July, 1925, during which tapping
operations wero suspended, are shown in Table 2. The latex meas-
urements given ropresent the total latex coagulated during enchmonth;
that is, the bulked latex from the 94 trees (including a few cubic
contimeters yielded by tree A-38) minus spillage and the latex taken
out for experimental coagulation. The total vield of dry rubber
for the 11 months was 148,240 grams, or 326.9 pounds. This repre-
sents a mean yield of 3.4 pounds of dry rubber per tres. Of this
mean production, 3.1 pounds represents first-quality smoked sheets
The cup scrap and tree scrap together make up the remaining 0.3
pound per tres.

TasLre 2.—Monthly plot yield of latex, cup scrap, trec scrop, and smoked sheel
rubber for the period Seplember, 1924, lo August, 1925, inclusive

Later Dry weight (grams)
Month nnd year cgtr:llt?rinﬂa- 1
tors) Cup setep i Tree scrap |  Sheets ‘I;ﬁﬁgé:lrd
Seplembe 1 ? 2,7 20, 664 18
RTIleI e e cdcmea B3, 478 1 : 54 a2,
Cotober... U E@ : 1,278 %, 877 10,935
November.... 30, 824 El) : 1,210 10,955 12, 165
Decomber .. 18,122 B 1,331 15,779 i
71,206 o 1,156 21,053 22, 200
21,430 1048 i 859 6 347 T, 454
17, 202 | 356 * 185 5, 52 8, 348
15,978 ; 497 371 5, 203 8150
10, 480 313 ] 07 7,254 8, 0M4
2,477 | 182 ! 362 B 671 9191
""" ﬁ&féiﬁ'j"“""ii?'f""""iﬁi' 1513177 g, 264
S L) U 07, 498 ; LUes | 1,001 ) 135240 148, 240

Ulncluded in trea seeap.
? After Fab. 12, The eup serap bofore Feb. 12 was ipeluded (n the treo serap.
1 'apping gperations were suspended during July, 193¢

Figart (8)? gives the average yearly yield for 11 companies in
Sumatra at from 284 pounds per acre in 1919 to 330 pounds per acre
in 1922. On the basis of about 100 trees per acre, which he shows
s the average in the east coast section of Sumatra, the average indi-
vidusl tree yield in Sumaira would seem very similar to the yields at
Bayeux. In yield per acre the 95 trees at Bayeux, occupying almost
2 acres, are much below those of Sumatra. However, the wide and
irreguler spacing of the trees at Bayeux and the possible competition
of the cacao trees with which they are closely interplanted precludes
comparison on an acre basis.

TREE SELECTION WITH HEVEA BRASILIENSIS

Tree selection is an important detail of plantation development.
Variation in individual-tree yield in Hevea brasiliensis is so great that
in all plantings a small percentage of the trees yield a large percent-
age of the rubber. Many trees yield too little rubber to repay tapping.

t Numbers in parentheses rafer to ' Literatore efted,' p. 31,
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Tree selection must proceed along two lines: First the selection of
high-yielding trees from which to obtain seed or bud wood for propa-
gation. These trees must be selected on the basis of actual yield
s they must be compared not only with trees in the same vicinity
where conditions are similar but with high-yielding trees from any
other locality {rom which seed or bud wood might be obtained. In
this type of selection it will undoubtedly pay to obtain the most
accurate data in order to get a definite knowledge of the yielding
capacity of the trees and the degree of variation in yield found in
the fields in which they oceur.

Socond, the elimination of poor-yielding trees. This is of more
Immediate proctical importance to estate owners. Tt is obvious that
there are many factors which must be considered. In any thinning
operations the relation of tree growth to tree spaeing as well as the
effect of close spacing on individual tree vields must be taken into
account. The best spacing will depend on whether large miscella-
ngacﬁs populations give better returns than small populations of high
Yielders,

Whatever the decision in regard to spacing and tapping, maximum
production by means either of small numbers of high-yielding trees
or of large numbers of miscellaneous trees can be obtained only by
the climination of the nonproducers which do nob yield sufficient
rubber to repay the cost of tapping or which by crowding higher-
yielding trees reduce the yield of the labter by a quantity greater then
the predusction of the lower-yielding trees.

All selection or elimination of trees must depend on a knowledge
of the yields, In selecting trees for seed or bud wood, as much as
possible should be known in regard to the absolute rubber-yielding
capacity. In eliminating poor yielders only the relative yielding
capacity need be determined. In either ease an adequate mdex of
the yielding capacity of the trees is important. Attempts have been
made to determine tree characters which are easily mesasured snd
which are so closely correlated with yield that they may be used as
an index of yielding capacity. In these studies the tree yield has
usually been caleulated from periods of a year or less and are neces-
serily only an approximation of the total yield. It would seem desir-
able to have some measure of the closeness of this approxXimation.

The most easily measurable tree character obviously connected
with ultimate yield is the yield for a single tapping. Any other yieid
messuregment 1s merely & sumimation of teppings. Since the useful
life of Heven oxtends over & period of many years, it is important
thet one know whether trees which give a high yield for any given
number of tappings may reasonsbly be expected to yield highly
throughout their life,

In order to determine the probable standing of any tree in relation
to other trees for any given period, it is important that one know the
length of time for which the yield of the tree should be recorded. It
is probable that the longer the period for which the yield is known
the more accurate will be the indication as to future relative yield,
While records might be kept on the individual-tree basis for long
periods in experimental work, such records sre not practicable in
estate operations where thousands of trees are being tapped. It is
desirable, therefore, to have some measure of the value of short-
period measurements of yield in evaluating vielding capacity.
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An additional factor is the seasonal fluctuation in yield. In any
determination of yield for & period less then a year it is importaut to
know what offect seasonal variations in yield have had on the records
obtained, whether all trees aro affected slike, and whether high-yield-
ing trees suffor more or less than the low-yielding trees durin g adverse
seasons. It is to be expected that some trees may yield moroe at first
bus fall behind later, while others continue to increase. Experience
hes indicated that the yield of the tres increases from yoar o year
during the first years of tapping, while the daily yields fuctuate from
soason to season. The question as to when yield tests should be
mado, so that the individual tapping can be confined to the shortest
possible period that will give reliable results, is very important.

COEFFICIENTS OF CORRELATION AND REGRESSION

In attempting to base a system of tree sclection according to yield
on the yield results from any limited period, it is important to know
how closely the relative standing of the trees in any known period is
correlated with the relative standing in any subsequent known
%oriod. This problem can be approached by the same methods that

arris (6) has used i correlating intermonthly and interannual ogg
production,

The product-moment coefficient of correlation is & measurs which
can be calculated from known data according to well-known formulas
to show the relation between individual-tree yields in any two periods.
This messure has been used by Bryce and Gadd (2) in correlating
interannual yiclds in Ceylon. It has also been used by thesc authors
and by La Rue (8), Gehlsen {4), and others to get a measure of the
interrelation of other plant characters.

Bf’ itself, the correlation coefficient measures only the proportion
of the total variation of the two periods that is common to both.
To estimate the total yield from the observed yield of a shorter
period 1t Is necessary to make use of the regression coefficient. By
this coefficient, if the departure of the yield of any particular tree
from the mean of all the trees for one poriod is known, it is possible
to estimato the departure of the yield of this tree from the mean of
ell the trees in a second period.

The regression is derived from the correlation by the formula

bey == rg—f where by, is the regression of the tree yields in the = period on

¥
the tree yields in the ¥ period, r is the interperiod correlation of tree
yield, and o, and ¢, are the standard deviations of the tree vields in
the two poriods.

Sinco ib is possible to estimate the deviation of the yield of any
tres from the mean of all of the trees in the second period, it will also
be possible to predict the actual yield by taking as the expected
meen yield of all of the trees for the second period the mean yield
of all the trees for a similar period for which data are availeble. By
multiplying the deviation of the yield of any tree from the mean
of all of the troes in the first period by the coefficient of regression,
the oxpected deviation in the second period can be calculated. By
adding or subtracting this expected deviation to or from (as the case
may be) the expecbeg mean, &n cstimate of the probable yield in the
second period can be obtained.
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THE REGRESSION EQUATION

For the prediction of the yields of particular trees from their .
yields in any given month it Is convenient to make use of the regression
equation. To illustrate the use of this equation, assume that the
yvields in November were bLeing used as a basis of estimation of the
yields in January, as is done later in this report under the discussion
of production contrel. For this purpose the regression equation -
may be put in the following form:

X= (M""' bg_.l'-'_l) + bg_l‘n

where X = the desired estimate of the yield of a particular tree for
January,
7. =the known yield of the same tree mn November,
M = the mean yield of all of the trees in January of a previous
year,
7= the mean yield of all of the trees in November,
bz-, == the regression of January yields on November yields.

In cases where the yields in months other than January are being
estimated the same gymbols would apply, X always representing the
yield of any tree in the month for which the yields are being estimated
and M the mean yield of all of the trees in the same month of a

revious year. 'The symbol b,., would represent the regression of the
ater period on the earlier. T is assumed, of course, that M snd
b;-; have already been determined from previous records. As used
in this report, the months for which the yield predictions are tested
are the same months which wers used to obtain the regressions,
This was made neeessary by the absence of previously ecalculated
Tegressions with which to illustrate the use of the regression equation
in predicting tree yields.

COEFFICIENT OF{CORRELATION OF RANE

Another method of comparing the relative yields of the trees in
the different months is by means of the coeflicient of correlation of
rank. This gives a)very good ides of how well the trees are main-
taining their relative positions in yield and may be used as a quick
method of defermining which periods show the closest correlation of
tree rank. The coefficient of correlation of rank can be calculated
by the use of the following formula:

62 d*

== W=D

N (V-1

PEp=0.7063 122
s . —J_W

where p=coefficient of correlation of rank,
% =summation,
d=difference in relative rank in the two periods for each tree,
N=number of trees,
PEp = the probable error of the coeflicient of correlation of rank.
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Where the trees are renked for each month it is possible by using
this formula to get a measure of relative yield in auy two periods
more quickly than by the use of the product-moment correlation.
The coefficient of correlation of rank, however, is not suifable as a
mesens of measuring regression. Its chief utility lies in the fact thas
it can be calculated quickly, and with data of this type it agrees
closely with the product-mnoment correlation and thus gives a measurs
of intermonthly correlation that is adequate for many purposes.

The coofficient of correlation of rank disregards the size of the
intervals between trees so that those high or low in yield do not
influence the correlation more than other trees. On the other hand,
in obtaining the cosfficient of correlation of rank, all yield intervals
between trees of consecutive rank are treated ns egual to the mean
interval unit for the plot. This tends to increase the effect of the
yield classes containing large numbers of trees with small intervals,
and when these classes occur at elther end of the distribution the
closeness of the correlation is ¢veremphasized by the coefficient of
correlation of rank.

INTERMONTHLY CORRELATIONS OF YIELD AT BAYEUX

The individual yields of the 84 trees are shown in Table 3 by
months for the period from November, 1924, through August, 1925,
The record is for only nine meonths, as the trees were not tapped in
- July, 1925. The frequeney distribution of these yields is shown in
Table 4, together with the standard deviation, coefficient of vari-
ability, and coefficient of skewness for each month. The trees vary
greatly in yield, a small percenta%:a producing a large percentage of

the yield in each period. In the high-yielding moenths the distribu-
tion follows olosely the normal distribution. In the low-yielding
months, however, large numbers of the trees are found in the lowest-~
yielding group. The standard deviation is large, giving a very high
coefficient of varigbility in every month. The coefficient of vari-
ebility for the trees at Bayeux is lower than that reported by Whithy
{8} (76.19) for a miscellaneous populstion in the Federated Malay
States, but is very similer to that for a plot reported on by La Rue
(6) {60.32) in Sumatra. Bryee and Gadd (2) reported s coefficient
of variability of 18.2 in the first 12 months’ tapping and of 29.2 for
the second 12 months’ tapping of 155 trees grown from seed from a
single high-yielding tree in Ceylon. For these same trees Taylor (7)
found coeflicients of variability of 33.2 and 27.5, respectively, for the
next two successive 12-month periods.

The distribution is very skew in every month except December,
January, end June. Bryce and Gadd give a coefficient of skewness
of 0.095 for the first year and 0.283 for the second year. Whitby
gives & cosfficient of skewness of 0.575. The distribution for the
entire period at Bayeux was found to have & coefficient of skewness
of 0.432. In all cases the skewness was toward the lower end of the
distribution, emphasizing the fact that & large percentage of Hevea
trees are normelly relatively low yielders and that there are out-
stending high-yielding trees which give & possible source of propagat-
ing material,

BI1848—28—32
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TanLe 3.—Laler yield, in cubic ceniimelers, of 85 Hevea rubber trees for stuled
months in 1924 and 1985

[Tha totals shown In this table are the summations of dnily Individual-tres measurements and do oot
agreo with the monthly totals given in Table 2, whieh are the summations of the daily mensupsments
of the bulked Intex from the entlre plot and represent the total latex obtalnad each day minus the latex
lost whils rocording Individual-tree yialds]

1024 1025
Tree Mo, ] Total
th-a?_m-D%caarm Tarmary: thr);u March| April ir May | June |August
1 H
100 192 183 ]' o] 7 ] 52 1M 250 | 1,08
4 395 ain | 28 190 190 118 204 276 | 2,508
a6g | 1,306 | 1,800 376 346 272 218 22 418 | 5100
149 560 Tizi 240 148 i) 0 20 724 | 7278
154 250 432 80 3 EN I 14 20| 1,540
s0| a7l s3! sos! ms| 2| ou| ws! 4| sums
426 730 M0 ;37 267 135 74 228 42| 3,
113 962 239 120 a8 25 101 18| 2,120
120 400 M2 160 112 88 0 156 e | 1,063
218 a1z 534 105 143 a0 150 17 352 | 2,087
i
g8 151 we: 73 90 74 (] 8 100
308 526 7535 3 255 248 285 252 462 | 38,515
n2 760 ] 1,008 343 239 204 266 304 630 | 4,309
570 g0 ! 1,37 538 330 242 362 73 o A
302 8] 1, 560 363 350 412 495 724 | 5008
188 400 708 137 80 a8 22 256 s | 2
292 754 | 1,400 480 03 170 140 203 08| 4,118
204 o ! 1,22 341 211 140 19 180 3,419
145 221 | 5 37 40 76 189 2721 1,330
5501 1,070 1,798 £8 405 3% 525 819 | 1,100 7,159
a1 708 | 1,347 304 133 120 350 530 1,122 &5,0%
308 430 755 330 230 24 242 350 7810 3,852
344 826 | 1,208 468 455 370 350 340 512 | 507
256 583 1 1,204 430 210 225 247 348 85¢ | 4,158
150 207 331 3 1] 62 100 141 244 | 1,388
%0 287 352 48 85 37 183 | *:2 42| 10z
190 274 421 112 183 240 260 88| 2207
6L 568 21 197 n2 a7 438 | 4,140
27 448 526 145 117 188 202 482 3,178
162 283 498 180 154 186 178 216 M4 2,120
278 52 450 173 80 32 80 199 224 | 1,068
240 453 474 170 100 178 200 304 32| 2470
278 5 3 148 128 134 142 150 280 .
301 506 | 1,062 242 3% 238 418 420 o6 | 4,430
33 559 8 g 334 322 315 318 454 | 3,82
118 453 507 172 100 228 74 332 406 | 3,080
74 185 22! 21 a9 a5 65 08 106
12 4 SN NSRS S I 1§20 6
535 8301 1,452 525 a7 00 332 408 706 | 58l1
400 24 0 3. 312 193 350 382 484 | 4,129
452 711 111 368 180 200 340 360 404 | 4,082
134 220 500 132 54 52 71 112 180
154 2 il el w8 | 217} 2 70| 1,676
350 523 758 il4: 208 106 254 314 430 | 3,419
206 458 708 252, 254 254 206 212 508 s
;
395 500! 40 358 334 278 380 336 441 4,125
308 486 | o8g 7 0 0 13 0 0 1,177
360 580 708 204 1 216 104 144 2% 460 | 3
335 611 | 755 |50 2 08 214 438 | 3,471
324 564 | 2 280, 341 38 3 37 40| 3,
283 az3 293 ! 153 108 104 14 168 | 2,855
214 ! 65 238 . 320 186 224 220 266 | 2,663
105 6481 838 3|00 312 354 402 368 6361 4,241
825 8231 1,280 4927 530 363 564 588 84| 6,088
280 560 | 1,008 47 87 124 318 228 23| 310
. S 164 32t 418 86 128 | 132 196 160 20| 1,800
.1 O son 1 7aa 352 81 188 300 1o 46| 3,188
. I, 821 | 1,285 1,508 614 452, 410 528 954 W61 7618
Bl 487 668 | BSD 105 138 152 208 264 268 | 3,154
an. 2H 458 332 el 14pl 84 160 228 76 2,209

' In August a pew tapplog cut was used on tres No, 38




TAPPING HEVEA RUBBER TREES, 1924-—1025 11

TaBLe 3.—Latex yield, in cubic cenlimelers, of 86 Hevea rubber frees for staled
months in 1924 end 1886— Continued

v

Tres Mo,
Novor-{Dacem- g, o Fobro- | oo

bor bar . MY
an 870
£33 978
224
28
360

mn2

482
284

8

828
14¢ 206
04 320
85 23
22,052 | 10,100 | 17,878 30,867

TasLE 4.—Frequency distribution and staiistical constunts for the lalex yields of 94
Hevca rubber trees for stated months in 1824 and 1885
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MONTELY-ANNUAL CORRELATIONS OF YIELD AT BAYEUX

In the first comparisons of yield periods the yields for each month
were correlated with the total yields for the entire period. The coeffi-
cients of correlation were found to be as follows:

November_ 0.84210,020 | February__ 0.880+0.015f May____._ 0.850+0.018
December.. .8831 015 | Maorch..._. B4 020 June..____ 882+ 016
January... 9104 012 Apeil______ 8284 .022 | August.___. .863% .018

These coefficients are very high. January, the highest yielding
month, has the highest correlation, and April, the lowest yielding
month, has the lowest correlation. In general, the closeness of the
eorrelation botween the yield for the total period and the yield for
any month varies according to the total yield for the month.

An objection to this comparison is that the yield for each month
is compared with a total yield of which it is & part. This tends to
overemphasize the closeness of the relation. 'To determine the amount
of the incresse in the correlation due to ths inclusion of the month
being compsred in the total with which it was compared, each month
was correlated with the totsl of the other eight months. The corre-
lations between each month and the total of the other eight months
were found to be ag follows:

November. 0.820-+0.023 { February. . 0.85640.018 | May______ 0.830 % 0.022
December_. .8884- .018| Mareh.___ 8214+ 023 June______ 863+ 018
Janusry_ .. .894+ 014 | April..... 815+ .024] Avgust. .. 800+ 024

There was & decrease in the closensss of the correlations in every
case except December. These decreases are too small to be con-
sidered significant, and it does not appear that any month’s sorrela-
tion has been overemphasized in comparison with that for any other
month in making the comparison with the total for the period rather
than with the total of the period minus the month being compared.

The coefficients of correlation of renk between each month and the
ftoﬁal for the period were slso calculated and were found to be as
ollows:

November_. 0.841:£0.03 | February__. 0.867+0.02 ! May___..__ 0.850+0.08
December._. ,88213 .02 | March...___ 8524 02| June. . _._-_ 8754 02
Janusry____ .90%% .01 | Apsil.__..___ 854+ 02| August____. 8174 .03

Thesse coefficients are not significantly different from the product-
moment correlation coefficients shown above, indicating that in data
of this type & very good ides of intermonthly correlation of yield can
be obtawned from the coefficient of correlation of rank. In months
of low yield where the distribution is very skew the correlstion of
renk is higher than the product-moment correlation, and in high-
vielding months it is slightly lower.

EFFECT OF ELIMINATION ACCORDING TO YIELD

In thinning out rubber plantings according to yield, a necessary
effect of the elimination of the poor-yielding frees is to increase the
mean tree yield of the plot. This is accomplished regeardiess -of
whether the yields of the retained trees are incressed due to the
increased space per tree. The immediate effect of the elimination i3
a decrease in the yield per acre but an increase in the mean yield per
tree. If the frees have been plented thickly in order to provide for
the elimination, a selection of high-yielding trees is accomplished,
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and the yield per acre is raised over that obtainable by planting only
the number of trees actually desired for & permanent stand.

‘To show the effect of the elimination of trees according to the
yields in any month, the trees are shown in Table 5, arranged from
1, high, to 94, low, according to their yields over the entire period.
To show the comparative rank of the trees in each of the nine months
the trees were assigned numbers corresponding to their rank for
the entire period, and these are shown arranged according to yield
for each month. Tree No. 87, holding rank No. 1 in total yield for
the entire period, was also high tree in every month. At the lower
end of the list, tree No. 69 held rank 94 for total yield over the entire
period. In two of the nine months it yielded nothing. It was low
tree in two of the seven months in which it produced latex. Tree
No. 47, ranking eighty-ninth over the éntire period, yielded nothing
in three months and was low tree in three other months. Tree No,
11, holding renk 92, was low tree in two months. Of the 25 low
trees ocoupying rank numbers 70 to 94 for the total period, 6 were
among the lowest 25 in all nine months, 3 in eight months, 1 in seven
months, 4 in six months, 6 in five months, 2 in four months, and 3 in
three months. Fifty-five out of the 94 trees appeared among the
monthly lists of 25 low trees. Of the 30 trees which appeared on
the monthly lists of 25 low trecs but did not appear among the 25
low trees for the entire period, 19 occupied the 10 ranks immediately
above the 25 low trees in the ranking for the total period, and 10
additional were among the next 18 trees. One tree, No. 17, occupying
positicn 70 in May, held rank 23 for the entire period.

Tante 5.—Rank of 84 Hevea rubber trees according lo yield for the enlire period,
arranged in accordance with their lalex yield in the stated months

{io epdumn 1 the ronk number is followed in émronthesea by tho field serial oumber of the tres holding
tbat rank for total yleld for the entire period. In columns 2 to 10 the trees are assigned numbera cor-
responding te thelr yiold rank for the entirg perlod as shown in columa 3, end these new numbers are
arratged necording to yield of latex for ench®nonth]

T'ree numbers, assigned Aecording to yiold rank for the entlre period
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Tasup b.—Rank of 94 Hevea rubber irees according lo yield for the entive period,
arranged in accordance with their later yield in the stated months—Continged

Tres numbers, assigned according to yield rank for the entire period
Rank and Bald serlnl 1624 1925
nnmber
MNovem-| Decem-| Tanu- | Febro-
ber ber ary ¥ Mareh} April | May | Juoe | August
i 2 a [ 5 6 ki 8 9 10
18 43 32 245 35 13 3t 36
] 18 T a3 24 i1 a5 12
14 26 21 27 15 17 ¥ a3
ig 21 22 3 b1 39 34 46
22 5 25 25 at 32 N
47 o4 28 21 31 24 19 a1
i1 24 33 ar 37 3 12 42
ar 35 15 24 52 657 22 25
2 44 44 13 a3 32 46 34
48 14 20 42 34 42 53 47
46 47 43 23 as 20 44 0
35 20 28 4 a0 46 23 23
17 14 27 35 17 il i 81
27 40 18 51 32 52 20 22
57 20 3 44 44 56 37 a3
2 18 61 *» 35 ] 30 37
03 &t 53 53 47 2% 40 11
2 45 Ja & a8 21 [ 27
13 af 20 15 50 3 30 33
23 48 10 20 73 64 40
a2 G5 57 6 | 58 4% 9
34 28 37 il 25 T a5
49 0 a5 46 55 50 24
42 531 32 85 44 41 56 56
31 42 34 58 5 i) £8 48
3 5 alp 20 52 23 52 30
i) 3 40 50 87 40 54 64
a3 37 5 66 % 1] 43 75
8 H) il GR %3 Tz 11 &7
51 49 47 ' 51 48 76 59
61 4B 1] 48 2 £ &7 78
44, 62 3% 49 il 38 71 54
45 B0 63 73 kil 54 47 &0
7 | @7 49 56 48 3B 62 0z
18 63 84 53 71 44 42 85
8e ag 551 80 6% 33 85 38
41 i) 03 | ki 43 77 g0 45
58 46 w 1 o652 13 ] B84 82
66 59 i8] 48 63 63 60 Bl 77
5 41 5 : 50 82 80 kit 45 58
515 [ A R ¥ 45 64 i3] 10
52 3z 821 [i1t] 48 49 o] 14
53 L] Lis 36 ™ i3 9 a3 1]
10 T €, T 41 % €5 & 8
T2 a3 85! 7 &) 65 74 b5 43
81 i o8 45 ri!d B4 47 73 5B
i1 53 42 41 [it5} 44 03 58
n 58 83 ] &1 Fid 68
55 &8 75 a2 47 23 s #1
0 7 8: 8 9 o2 68 86 | 49
5 52 4, 8] 19 78 62 B 3
66 a8 2! 76 G5 i) 38 €8 ]
5 55 73 l 43 34 ] a ] 87
55 s 7l 75 26 88 L] 81 6%
a8 78 86 ! e} a8y 62 57 98 [}
% T 59 | T 13 ey 51 a2 il
o7 52 42 } 84 o i3 87 2 Ti
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T ree No. 87 was the only one to maintain its relative rank through-
out all periods. Somse trees varied widely while others kopt to nearly
the same relative positions in ol periods. ©On the whole, as shown
by the product-moment correlations and by the coeflicients of corre-
lation of ranik, thie trees retained their relative positions to a high
degree. Since the coefficients of correlation are high and the differ-
ences arp not significant, the yields in sny month would serve as a
satisfactory indication of relative yield.

Had the 25 trees with the lowest yields for the entire period been
eliminnted, the mean yisld of the remaining trees, assuming that
their vields were unaffected by the removal of the lowest 25, would
have been 3,823.9 cubic centimeters of latex, an increass of 17.5 per
cent over the mean tree vield for the entire plot for the period. On
the basis of the new spacing and mean yisld, 94 trees ocoupying a
36 per cent larger area would have yielded 17.5 per ceni more latex.
Eighty trees, occupying & 15 per cent larger ares, would have ylelded
a8 much as the 94 unselected trees. Had the trees been planted to
provide for the elimination of the same proportion of trees and still
have a permmanent planting of 94 trees in the same area, the area
vield as well as the yield per tree would have been increased 17.5 per
centf.

This increased yield per tree would have been obtained by elimi-
nation according io the knowledge of the relative yielding of the trees
obtained from yield tests covering the entire period. Had the 25
trees that were lowest in any month been eliminated at the begin-
ping of the experiment, the mean tree yield for the entiire period
would have been increased as follows:

By eliminating the lowest 25 trees in—

Par cant Par cont
November____ 14.9 Iebruary

December__._ 159 March
January 16. 5 April

The highest month in actual yield and the one that correlated
closest with the total yield was January. Elimination according to
the yields in that month would have given the largest percentage
inerease in mean tree yield. April gave the second best basis for
elimination as measured by the percentage in mean tree yield. The
mean of the percentage increases obteinable on the basis of the
different months is 15.3 per cent. The effect of the elimination of
25 trees from o population of 94 trees with a yield distribution
similar to that at Bayeux would be an increase in the meern Individual
tree yield of 17.5 per cent, if based on as exact data ss that repre-
senfed by the yields over this entire period, or from 13.8 to 18,5
per cent, if based on datas correlated as closely with the totel yield
as the monthly yields at Bayeux were correlaeted with the total yields
for the entire period.

Eliruination of 25 trees out of §4 (26.6 per cent), or the equivalent
of a plauting of 136 trees thinned fo 100 trees, 15 & very moderate
thinning, The elimination of 50 trees, or 53.2 per cent of the total
of trees, on the basis of lowest fotal yields would have increased the
plot mean tree yield 38.4 per cent. This would have been equivalent
{0 214 trees thinued to 100 frees. Had 75 per cent, or 71 of the 94
trees, been eliminated on the basis of lowest vields, the mean yield
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of the remaining 23 trees would have been increased 65.1 per cent.
This would have been equivalent to a planting of 376 trees thinned
to 94, ‘

PRODUCTION CONTROL BASED ON INTERMONTHLY REGRESSIONS

The previous discussion has been based on the elimination of trees
by thinning. In some fields the spacing may be such that no advan-
tage can be gained by thinning, and still there are trees which do not
vield sufficient latex to repay tapping operations when prices are low
yot vhich might be expected to give a profitable return on the tapping
operations under normal or higher prices.

Two questions might be asked in regard to these trees: (1) Will
it pay to drop such trees from the tapping operations during periods
of low prices? (2) If it would pay to drop such trees, what data
wouid be required to give an adequate basis for predicting whether
any tree will yield sufficient rubber to repay tapping?

No attempt will be made to answer the first question, since so
much depends on local costs. Data would be needed to show the
length of time required to tap a iree and the proportion of a tapper’s
time used in going from tree to trce. The effect either of thinning
operations or of dropping trees from tapping would increase the time
spent in walking at the expense of the time used in tapping.

The intermonthly correlations at Bayeux can be used to show the
data that would be required as & basis for an estimate of yield. The
coefficients of correlation and regression equations for comparisons
between November and each of the subsequent months of the period
were calculated and are shown in Table 6.

TanLe G—Correlotions of November and the subscguent months of the period and
regression of the subsequent months on November

It the regression equations X is tha best astimnata of Fleld in the subsaquent month and 5 is the yleld in
November]

!
»onth Coefficlent of *

correlation | Regresalon equnllon

0.797£0,025 "X 118.274-+1L.348 5
T334 032 ' Xa 230, 712141824 0
L0385  X=— 54104 .70
33X .Ml
.0a1 . . LE00n
030 X=— 2,024+ .70l n
(027 X= 30,7704 .01 n

(03 X="" Rl Tt n

Having these regression equations, it is possible to predict the
probable yield of any tree in any one of the subsequent months by
using the November yields as a basis of estimate. In using the
regression equation for this purpose the November yield of any tree
would be substituted for » in the regression equation and a value found
for X}; the best guess as to the yisld of the tree in the subsequent
month.

In production control the desire is not to predict actusl yield but
to know the minimum yield which any tree must exceed in any month
to indicate that it will yield more ti.en any specified quantity in some
future month. In this case the process OF soTving the equation would
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be reversed and the minimum yield desired in the future month would
?e substituted for X in the regression equation which would be solved
or 7.

To show how the regression equation might be used in this way
with the data from Bayeux, assume that in any month the minimum
individual-tree yield which would repay tapping costs was estimated
to be 200 cubic centimeters of latex. By substituting 200 for X in
each of the regression equations shown in Table 6 and solving for =,
the answer for each month would indicate the yield which any tree
must exceed in November to indicate a probable yield of 200 cubic
centimeters or better in the month for which the regression equation
applies. A smaller yield i November would indicate a yield of
less than the desired quantity and would result in the tree being
dropped from the tapping operations for the month. Solving the
regression equations shown in Table 6 by substituting 200 for X in
each case, the value of n was found to be:

December__. 68, U | March

January —21.8
February_._. 281 8} May

In other words, a tree yielding 68 cubic centimeters of latex in
November would be expected to yield 200 cubic centimeters in
December; a tree yielding any latex in November would be expected
to yield 200 cubic centimeters in January, ete.

By this method of estiniate one would predict that tree 11 would
be the only cne (other than tree 38) producing 200 cubic centimeters
of latex or less in December, whereas there were actually four.
The prediction for January would be that every tree would yield
more than 200 cubic centimeters. Only two trees did yield less than
that quantity, and these two missed it by a very slight margin.

These cstimates are inexuct and represent only a best guess as to
future yield as predicted from known yield. The longer the known
period used as a basis of estimate, the greater would be the accuracy
of the estimate Since it would be impracticable to have known
yields for considerable periods, regression equations based on monthly
or even shorter periods might be adequate for many purposes.

EFFECT OF PROXIMITY ON INTERMONTHLY CORRELATION OF YIELD

The foregoing comparisons have been based on the intermonthly
correlations between November and the subsequent months. It
was thought that the closeness of the intermonthly relation would
be affected by the proximity of the months compared. To determine
whether this was a fact in relation to the closeness of the correlation
between November and the subsequent months, the correlation
between each month aod the immediately subsequent month was
calculated. The comparison of the correlations between Novem-
ber and the subsequent months and between cach month and the
immediately subsequent month is shown graphicelly in Figure 2.
With the exception of the November—December comparison, which
is of eourse, identical in both cases, the correlations between Novem-
ber and the subseguent mounths are distinctly lower. The mean of
the comparisons with November is 0.745. The mean of the com-
parisons of immediately subsequent mouths is 0.858.
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Thus the correlation between a period and a subsequent period is
dependent on the proximity of the subsequent period. This depend-
ence is not in a direct ratio and is influenced by the seasonsl changes
which influence the yield. A measure of the proximity relation,
which it is hoped can be obtained from more extensive data, should
saow for how long the results of any tapping test may be expected
to give an adequate knowledge of rei)ative vield in subsequent
‘periods.

INTERPERIOD CORRELATIONS OF YIELD

All correlations between the monthly yields were found to be high,
this being especially true when high-yielding months were compared
with other months or with the total.
This is what might be expected, since
the frequency distribution of the low-
yielding months tends to become skew
owing to the concentration of large
numbers of trees in the low-yielding
classes.

As indicated by these correlations,
the relative yielg in any month is a
good index of the relative yield in
any subsequent month, An estimate
of Tuture yield made on the basis of
a high-yielding month is of greater
accuracy than one made on the basis
-of a low-yielding month. While the
proximity of a subsequent month
affects the closeness of the correlation
with any given month, a measure
of the effect of remoteness on the
accuracy of the estimate will require
additional data.

Since the monthly yields at Bayeux
have shown so high an intermonthly
correlation, it is interesting to note
that an interannual correlation be-
tween the yield in 1921-22 and the
yield in 1922-23 reported by Bryce
and Gadd (2) in Ceylon was 0.83 +
0.017, indicating that the interperiod
2 correlation of yield at Bayeux is com-
Fia, 2.—-Reloiive mugnitude of Interporlod cor-  parable with that for Ceylon, not-

E“%ﬁﬂ??: 3;::?:%&?%?5%?@%&%&? of gor. With_sttmding differance.s'in climate

in, and o Jomar Sgurs s e cnmineed: and in the age and condition of trees,

vorrelation of the month with November. Taylor (7), reporting on the same

e shaded oren roprescnls th differencs 1o cindied by Bryce and Gadd,

found a correlation of 0.834 +0.016

between the yield in 1922-23 and the yield in 1923-24 and of 0.735 +
0.025 between the yield in 1923-24 and the yield in 1924-25.

In determining the interperiod relation, the month has been used
as the unit period. There is no reason for this other than that the
monthly yleld is a convenient summation of tappings.

In a first survey of interperiod correlation it was important that
the effect of the seasonal variation in yield on the closeness of the
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correlation be determined. This could be determined most conveni-
ently from intermonthly and monthly-annusl correlations, The ex-
amination has shown that those correlations are high, and that for
any month the correlation with a high-yielding month is higher
than with a low-yielding month. The differences, however, are not
significant, and the convenience of the operator rather than the time
of year should be the determining factor in deciding when to do
experimental tapping.

“To determine whother the month is the unit best suited for tapping
axperiments, it is important that other units be tested. These units
should be both longer snd shorter than a month. If a correlation
between length of period and closeness of correlation with total yield
(ennual, biennial, or longer) can be found, the adequate yield-period
unit for estimate of total yield cen be determined according to the
accuracy of approximation required.

The ndequnte yield period for approximation of future monthly
frields will depend on the closeness of the correlation between the
ength of period and subsequent menthly yield. This in turn is
dependent both on the proximity of the period of test to the period
of estimate and on the correlation between length of test period and
length of time over which the approximation of monthly yields is
adequate.

OTHER TREE CHARACTERS ASSOCIATED WICtH YIELD

While recorded yield is the tree character most closely correlated
with ultimats yield, there are other tres characters which can be
messured and which might be considered as possible indices of yield
or of yielding capacity. The character most often considered is tree
size as measured by girth. Other characters which have been given
attention are the thickness of the bark and the number of rows of
latex vessels in & cross section of the bark.

It is obvious that if any stable character could be obtained as a
definite index of yielding capacity it would be of great value in tres
selecotion. At the present time, however, no character has been found
correlated closely enough with yield to replace tapping tests as s
messure for estimabing yvielding capacity.

Measuremonts of tree girth and bark thickness were mede at
Bayeux. The girth measurements were taken with a tape measure
and are shown in Table 1. The bark-thickness measurements were
taken with & gauge made in the Office of Biophysical Iuvestigations
of the Bureau of Plant Industry from plans furnished by C. D, La Rue.
In using this gauge the barlk was first scraped, as little bark ss pos-
gibls being removed to furnish s smooth surface. The end of the
gauge was then placed against the tree and the handle pressed, forc-
ing & blunt point through the soft bark and against the inner wood
of the tree. The thickness of the bark was then read to 0.1 milli-
meter on a vernier on the ¢ ide of the gauge.

The cocflicient of correletion of girth and yield was found to be
0.166 % 0.068, showing a positive but very small relation. Thismight
be compared with that reported by La Rue (6) in Sumatra (0.229+
0.019), by Bryce and Gadd (2) in Ceylon (0.580+0.035 and 0.560 %
0.037), and by Whitby (8) in the Federated Malay States (0.260 £
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0.020). Taylor (7) giving later measurements from the same trees
reported on by Bryce and Gadd, fourd a correlation of 0.378 + 0.046
between the yield in 1923-24 and the girth in 1924 and & correlation
of 0.408 : 0.045 between the yield in 1924-25 and the girth in 1925,

In the comparison of bark thickness and vield a zero correlation
—0.030+0.070 was found. For this character La Rue reported a cor-
relation of 0.260 + 0.019, while Bryce and Gadd reported 0.420 £ 0,044,
Taylor reported o correlation of 0.483 +0.041 between the yield in
1924-25 and the bark thickness in 1925.

The differences between the correlations found at Beyeux and
those found in other places are important, indicating that thore is
no general correlation between yield and either girth or bark thickness.
It 13 probable that the chief ufility of girth anglbark thickness meas-
urements will be found to be in comparing different populations of
Hevea rather than in measuring relative yie ding capacity within any
one population.

Netther tree size, as measuraed by girth, nor the thickness of the bark
is as good an index of yielding capacity as yield messurements over
s period of one month. The highest correlation between girth and
vield shown above was that of 0.580 shown by Bryce and Gadd, snd
the highest correlation shown between bark thickness and yield was
that of 0.483 found by Taylor. The lowest, intermonthly correlation
of yield at Bayeux was 0.706 hetween November and February.

ince it would entail much more labor to obtain yvield mensure-
ments for an entirse month than to obtain girth measurements, it
might be considered that the decressed scouraecy of selection based
on girth would be offset by the facility with which the girth measuve-
ments could be obtained in case the correlation between girth and
vield was known to he as high as that shown by Bryce and Gadd.
Even in that case it is probeble that the yield deta from a single
tapping, which could be obtained as easily as girth measurements,
would give a closer approximation.

While no attempt has been made to determine the exact value of
a single tapping, two days, January 5 and February 18, were selected
and the correlation of yield between each and the {otal for the period
caleulated. For January 5, it was found to be 0.673 +0.038, while
for February 18 it was found to be 0.744 £0.031. These corroln-
tions are high and indicate that a close approximation of relative
yield can be obtained from a single tapping. If this is found to be
the case in a comparison of a larger number of individual tappings,
and if ease of measuremens is to be the scle criterion, there would he
little advantage in using other measurements.

Too much emphasis can easily be placed on using the easiest
methods of obtaining data for use in tree selection. The desire is to
obtain an adequate index of yielding capacity. Because of chances
of error in measurement and chance fluctustions of vield, it is very
doubtful whether this adequate measure can be obtained from any
single tapping even if found to be of greater value than either bark
thickness or girth as an index of vielding capacity.

YARIATION DUE TO PLACE EFFECT

In making the foregoing comparisons no account has been taken
of the possibility of variation in the yield due to place. The correla-
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tions shown above have been made primarily with the purpose of
obtaining information which might be desired in regard to relative
vielding capacity for the determination of poor yielders. The varia-
tion within the field due to place effect rather than to genetic dif-
ferencos in yielding capacity has not been considered, since with
grown frees the location can be changed only by elimination. It is
desirable, however, to determine the extent to which observed dif-
ferences in yield are due to environmental differences or place effects.
The smallness of the plot and the uniformity of the soil at Bayeux
would tend to give a very uniform place effect. It is desirable,
however, that some measure of this uniformity be obtained.

To make a compearison of the different parts of the plot, an arbi-
tenry division wns made by drewing a line about midway of the
field running approximately north to south. This line was inter-
sectod by twe lines running from east to west. The attempt was
made to divide the field into six sections containing spproximately
equal numbers of trees. The resulting divisions were unequal in
area, the dividing lines heing drawn neither at right angles nor at
equal distances apart but nt such angles and distances as best served
the purpose of obbaining six lots with about the same number of trees.

The sections along the west side of the field from north to soutk
were called A, C, and K. Those on the sast side of the field, stect-
ing from the north, were B, D, and ¥.

The mean yislds of sach section of the plot were figured in deciliters
«of lntex per tree for the entire period. They are given in the diagram
shown below. For convenience in comparing these figures they are
represented in a dingram indicating the relative position of each section
to the entire plot. The divisions, however, do net reprasent the actual
shape of the sections,

. S L S
R D i F i
90,088£2.000 | 20,50042.528 | 2806741920 |
North e U
A G ‘ E

33 6673 2M 36, BA742, MG i 38, 18842, 604 ;

West

While the means range from 28.067 4:1.920 deciliters of latex in
section F to 38.188 £ 3.684 deciliters of latex in section E, the differ-
ences (shown in Table 7) are not significant, sinee in only 1 comparison
out of 15 does the difference equal three times the probable error, and
a'deviation of this magnitude might bs expaected once in twenty-two
times. A combination of sections A, C, and E gave a mean tree yield
of 36.283 £ 1.755, while in sections B, D, and F, combined, the mean
tree yield was 28.917+1.228, giving a difference of 7.366 +2.142.
YWhile this difference is more than three times its probable error, it is
.of doubtful significance in view of the low significance of the differ-
ences between the individual sections. Combining sections A and B,
sections C and D, and sections E and ¥, gives mean yields of 31.355 %
1.880, 33.065 £ 2.072, and 33.125:+2.121, respectively. None of the
differences between these means are significant. While a slight
difference is indicated between the east and west sides of the field,
Lb(iarc is no significant difference in yield between the north and south
sides.
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TapLe 7.—Differences in mean yield between each section and every other seclion,
in deciliters of latex

Segtion
Section

D E : F

3 200:£3. 707 4, 1074, 000 4. 52144, 807 5 Wil 745
7. 67042, 504 L3123, 0. 0004, 244 . 1 1 i 828
E 1.325:14, 210 ; BBy, 785

8. 0884, 543 ¢ 143243, 174
0 P EB14:4, 163

The same sections were compared on the basis of tree girth. The
mean tree girths, in inches, for each section of the field are given in
the dingrem shown below:
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Taeue 8.—Differences between tree girth means of ecach section as compared with
each ofher section

Section
Section

B c : D : E F

1
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TaBLE 9.—Difference divided by the probable error of the difference in mean iree
girth between the siz divisions of the field

Beetlon
Sectlon

The differences of these means are shown in Table 8, and the
differences divided by their probable errors are shown in Table 9,
Of the 15 possible comperisons, 6 show differences of more than three
times their probable errors. Of the other § comparisons, 5 show dif-
ferences of more than twice their probable errors, and 8 of these
show differences of more than two and one-half times their proba-~
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ble errors. On the basis of these differences it seems that there is a
place affak;ct within the plot which has manifested itself in a difference
In growth.

n & comparison of the east side of the field with the west, scctions
A, C, and E had a mean girth of 49.006+0.669 inches, while in
B, D, and F the mean girth was 43.449 + 0,679 inches, a diffsrence of
5.551 :0.855 inches. This difference, which is 5.81 times its probable
orror, indicates that in the west side of the fisld the tree girths are
significantly larger than those in tho east side.

In comparing the sections from north to south, A-B has a mean
tree girth of 44.226+0.778 inches, C-D 45.434 4+ 0.977 inches, and
E-F 48.688+0.830 inches. Only in the case of a comprrison of
A-B and E-T is there a differonce of three times its probable error.
While thers is avidence of an increased girth in passing from north
to south, it s less definite than the change from east to wost.

To make a further test of the uniformity of the field, the trees were
compared to determine whether thers was any localized effect show-
ing itself in a tendenegy of trees within a spocified distance of one
angther to yield equel quantities of latex or to have equal girths.
This vest was made because of the fact that if good or poor spots
wore of small ares their effect might not be apparent in the previous
comparisons,

To make these comparisons, cach tree was paired with every tree
of larger serial number within & distance of approximately 33 feet.
In each pair the tres with the lower serial number was treated as a
¥ varinble and the tree paired with it as the z varisble. By this
method of comparison any tendency of the trees within & 33-foot
radius to produce cqual yields or to have equal girths should reflect
itself in positive correlation coefficients. The greater this tendency
the higher the correlation coefficient.

One hundred and forty-six pairs of trees were found. Compared
on the basis of yield, a negative correlation, —0.045+0.056, was
obtained, while on the basis of girth the correlation was 0.221 + 0.053.

This agrees with the results of the comparison by sections, since a
zero correlation is found for the comparison by yield and a slight
positive corrolation by girth. While this latter is positive, it i too
small to be considered significant by itself. The comparison by
sections, however, indicates that therc is a definite though slight
tendency toward spotting in tree size, showing that conditions of
growth have not been uniform in all parts of the field.

This lack of uniformity in the field is slight and has not been con-
sidered in the other tree comparisons. The possibility of veriation
in tree characters and yield due to location are great and must be
considered in decisions as to the basic relation between tree charscters.
Especially would this variation be important in correletions of tree
characters for large areas or for large numbers of trees where the
place effect would necessarily be larger.

LATEX OR DRY RUBBER FCOR YIELD MEASUREMENTS

The yields at Bayeux were recorded in cubic centimeters of latex,
and all of the interperiod correlations and yield comparisons shown
above have been based on these Iatex volume measurements, The
desire, however, in making any type of yield comparisons is to obtain
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a measure of the capacity of individual trees to yield dry rubber
rather than latex.

Whithy (8) found that the rubber content of the latex from indi-
vidual trees investigated by him wsas variable, the coefficient of
varirbility being 16.02. This fact Whitby takes as an indicaticn
that voelume of latex can not be used to nessure yield of dry rubber.
Whithy found that “the strength of the latex from & given iree was
approximately constant on different days, and appenred f{o be char-
acteristic for the Individusl irce,” but stated that *the figures did
not, however, indicate that there was any correlation between yield
and latex strength.”

Since the messurements of yield at Bayeux were teken by volume,
it is important to determmine to what degree interperiod corrslations
based on volume of latex rather than on weight of dry rubber sare
affected by the variation in rubber content.

In the first pleee it will be necessary to determine whether high-
yielding trees have either relatively low or relatively high rubber
content. If the correlation between rubber content of the latex and
yield in volume of latex is high, either negative or positive, a large
correction would have to be made in the interperiod correlations of
volume yield t0 reduce themn 6o correlations of dry-rubber yield.
While this correction could be calculated, 16 would seriously inter-
fere with the utility of data depending on latex volume measurement,

On the other hand, if there is no correlation between yield and
percentage of rubber, no correction would be required in the volume
measurements and the adequacy of the latter could be ascertained
bybt;)alcuiat.ing the correlation between yield of latex and yield of dry
rubber.

There are not sufficient data available from the records taken at
Bayeux during the period coversed by this report to arrive at any
decision ag to whether the measurement of VOEIID.G of letex gives an
adequate measure of yielding capacity. For that reason records
from = later period must be used to show the degree to which meas-
urements of volume can be relied upon to give an adequate mesasure
of dry-rubber yield.

The latex from each of the trees was weighed and coagulated sep-
arately for each of the alternate day tappings from September 11,
1926, through September 29, 1926. The latex was recorded by
weight rather than by volume, in order that a more accurate caleula-
tion of the rubber content might be obtained and also to prevent the
loss of latex in pouring it from the latex cups into the measuring
graduate and back into the cups for individual coagulation. Be-
cause the tags of many of the rubber samples were lost while the
letter were drying, only 598 measurements from 72 different trees
were obtained. ‘The percentage of rubber was found to vary greatly,
a significant difference being found in the rubber content of the
latex from different trees. The percentsge of rubber varied from
22.8+ 0460 per cent to 41.66+1.301 per cent. The coefficient of
variability was 14.977, agreeing very closely with that found by
Whitby.

INTERDAILY CORRELATIONS OF RUBBER CONTENT

Owing to the loss of identification tags during drying, only 42 trees
were found with measurements for 6 out of the 10 tappings. Thess
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six tappings were for September 15, 17, 19, 25, 27, and 29. The
correlations for rubber content of the latex fromr the 42 trees for all
possible pairings of the six tappings were calculated and are shown
in Table 10. The correlations between the rubber content on Sep-
tamber 15 end that on the succeeding days decreases from a corre-
lation of 0.842+0.031 between September 15 and September 17 to
one of 0.573 £0.070 for the correlation between September 15 and
September 29, The correlations between September 17 and the suc-
ceeding days show the same tendency except in the case of the corre-
lation %ebwcen September 17 and September 29, which was higher
than that for the correlation between September 17 and either Sep-
tember 21 or September 25,

TaBLe 10.—Inlerdaily correlations rg rubber conlen of the lotex for all possible
pairings of the six lappings made Serfember 15, 17, 18, 25, 27, and 88, 1826
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To determine to what degree remoteness has influenced the corre-
lation between rubber content from succeeding tappings, the tapping

eriod (two days) was used ng the unit of remoteness, and the corre-
atlon bebtween closeness of correlation of rubber content and remots-
pess of tapFings was caleulated. A negative correlation, —0.837 %
0.054, was found. While & population of only 15 correlatious cover-
in%ﬁa period of only 14 days was used in obtaining this figure, it is
sufficiently high to be considered significant, since a correlation of
this magnitude would be expected to happen by chance less than one
time in a hundred. Thus there was a definite effect of reamoteness
on closeness of correlation in rubber content between different tap-

pings.

Tfe lowest interdaily correlation of rubber content found was that
of 0.517 £ 0.076 between September 27 and September 29, two suc-
cessive tappings. While this correlation is significantly lower than
the correlation of 0.8420.03, between September 15 and September
17, it is high enough to indicate a close relation between the rubber
content of the individual trees on different days. In view of this
fact, and since significant differences between the mean rubber con-
tent for individusl trees has been shown, it must be recognized that
there is a definite difference in the rubber content from individual
trees. While the closeness of interdaily correlations of rubber con-
tent decreases with remoteness, the trees maintain their relative rank
in rogard to rubber content to a high degres.

In order to determine a general correlation between yield of latex
and rubber content of the latex, the tree yields for the second year
of tapping, from September, 1925, through August, 1926, were taken
as the best index of latex yield. The correlation between the mean
percentage of rubber in the latex for the tappings from September
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11, 1926, through September 29, 1926, and the yield of latex for the
entire period from September, 1925, through August,- 1926, was
found to be 0.199+0.079. This correlation is too small to be con-
sidered of significance, and in general it may be ssgumed that trees
with high and low rubber content are scattered indiscriminately
among low and high vielders.

CORRELATIONS BETWEEN DAILY YIELDS OF LATEY AND DRY RUDBER

Since the correlation between latex yield and rubber content of the
latex is not significant, the next question to determine is whether the
quantity of latex can be used to replace the weight of dry rubber in
estimating yielding capacity. The value of measurements of latex
will depend on whether the variation in rubber content in the latex
yield groups is large enough to destroy the grouping when conversion
18 made to weight of dry rubber. To obtain this information the
correlation between the yield of the latex by weight and the weight
of dry rubber was calculated for the same six days used in comparing
the rubber content.

The 36 possible correlations are shown in Table 11. The mean
of the 36 correlations is 0.795. This correlation is high, showing
that dry-rubber yields can be predicted with a high degree of aceuracy
from records of latex yield.

TasLe 11.—TInlerdaily correlations between weight of later and weight of dry rubber
for individual trees for all possible pairings of the lappings made Seplember 15,
17, 19, 25, 7, and 20, 1926

Correlation bolween woight of Intex on speclfied dates L and welght of dry rubber ga—
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To determine whether the yields of dry rubber couid be more
accurately predicted from measurements of dry-rubber yield than
from those of latex yield, the 15 possible interdaily correlations
between dry-rubber yields of individual trees were caleuiated. These
are shown in Table 12, These correlations are higher than those
between latex and dry rubber, the mean being 0.896.

Tanre 12.—Interdasly correlalions of weight of dry rubber for all possible pairings
of the siz tappings made Seplember 15, 17, 19, 23, £7, and 29, 1926
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Tho difference between the correlations of latex yields and dry-
rubber yields and the interdaily correlations of dry-rubber yield is
significant, so that there would seem to be sn advantage in having
tree yields based on dry-rubber messurements rather than on latex
mensurements. This advantage is offset somewhat by the additional
labor involved. 'The latex from individual trees must be coagulated
soparately. The rubber ‘‘biscuits” obtained from the individual
coagulations must be kept and dried separately, the whole procoess
being sproad over soveral days. Mesasurements must then be made
of a mass upproximately one-third the size of the original latex,
Considering the type of omployees available for this work on a
plantation, it is probable that there would be less chance of error in
recording yield by latex volume than by weight of dry rubber.

It hus been shown that remoteness exercises a distinct sffect on
the closenoss of intordaily correlations of rubber content. This
offect is not npparent in the correlations between dry rubber and
latox. Tor the 15 interdaily correlations between latex measure-
ments the correlation with remoteness is 0.343 +0.159, a correlation
which might be expected to occur by chance more often then once
in ten times and therefore is not significant.

For the dry-rubber correlations, the correlation with remoteness
is —0.328+0.161, which is too small to be censidered significant.
Tor the 356 correintions between latex and dry rubber the correlation
with remoteness is —0.166+0.082. Of the 15 correlations between
dry Tubbor and latex in which the day for which the latex measure-
ment was taken occurred previous to tHe day for which the dry-
rubber messurement was taken, the correlation for remoteness is
—0.340%0.159, ¥or the 15 correlations where the dry-rubber
measurement was taken previous to the latex messurement the
corretation with remoteness is —0.138 £ 0.146.

In the first of the latier two correlations, in which dry rubber is
heiny predicted from latex, the mean of the 15 correlations is 0.778,
In the latter, in which latex is predicted from dry rubber, the mean
of the 15 correlations is 0.787. These correlations are high and are
not significantly difforent. In general, therefore, future latex yields
can be predicted from dry-rubber yields or future dry-rubber yields
from latex yields with equal accuracy. :

Latex mesasurements can be taken much more easily than weight
of dry rubber and with much less chance of error, since all measure-
ments can be taken immediately after the latex 1s gathered. Since
approximately three times the volume or weight is being measured
when latex mensurements are kept, errors of messurement are
relatively less. TFor these reasons it would appear that notwith-
standing the difference in correlation, latex volume may be a more
practicable means than weight of dry rubber in evaluating the rubber-
yielding capacity of Heves trees. On the other hand, when the
utmost precision is desired dry rubber should give the more accurate
measure.

BARE CONSUMPTION

In the tapping operations bark consumption was kept to a mini-
mum. The mean width of tapped area for the period from Septem-
ber 1, 1024, to August 31, 1925, inclusive, was 9.3 inches. The trees
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werg tapped daily in September, but were not tapped in July.
During the rest of the year the trees were tapped on alternate days.
The tapped area thus represents 10 months of alternate dsy tapping
and one month of daily tapping. The trees were tapped 164 times
during this period. The mean total consumption of 9.3 inches then
represents a mean consumption of 0.057 of sn inch per tapping.
This would represent s consumption of 0.855 of an inch per month
of 15 tappings. Owing to rainy days, the trees were nob scbually
tapped 15 days per month. If September be considered as two
months’ slternete daily tapping, the bark-consumption record will
then represent 12 months’ tapping, or only 0.775 of an inch per
month. This amount of bark consumption is very conservative.
It is probable that greater yields could have been obtained with a
greater bark consumption.

BARK RENEWATL

The bark renewal at Bayeux has been satisfactory., On July 31,
1925, bark-renewel measurements were taken for 40 trees by mesns of
& bark-thickness gauge. These measurements were taken ai the
point where the tapping operations for November, 1924, were started
and thus represent nine months’ bark renewsl. The thickness of the
new bark was found to be from 4 to 7 millimeters. The surface of
the renewing bark was not scraped in making these measurements,
so there is an error due to the bark having become slightly cracked
end roughened through the drying out of the outer surface, thus pre-
venting the gauge from fitting snugly against the tree. 'The measure-
ments were taken as carefully as possible without scraping the slightly
roughened surface, and they indicate a satisfactory bark renewsl.

Bryce and Gadd (2) reported a thickness of renewed bark of from
3.2 to 6.3 millimeters in Ceylon. This covered & renewsal period of
two years,

Bobilioff (£} reported bark thickness of renewing bark in Sumatra
e$ from 2.65 to 5.20 millimeters for & renewal period of nine months.

WEATHER RECORDS

Weather records at Bayeux for the period from September, 1924, to
Angust, 1925, are shown in Table 13, Woodring, Brown, and Burbank
(8) have pubfished the mean of rainfall records taken at Bayeux over a
period of 17 to 18 years. These records, converted from millimeters
into inches, are shown in Table 14. The normal mean annusl reinfsll
at Bayeux is shown by these figures to be 83,02 inches. In the 11
months of record during the tapping operations the total precipite-
tion was 82.98 inches, in spite of the fact that this year was considered
abnormally dry in this region. While no records were taken at
Bayeux for July, it is probable that the rainfall during the month
was less than 1 inch, as only 0.2 of an inch was found in the rain gauge
on July 29, when arrangements were being made to resume the tapping
experiments which had been discontinued during July.

The mean monthly maximum temperature varied from $0.6° F.
in Februery to 89.3° F. in August. The mean monthly minimum
temperature varied from 64.8° ¥. in February to 73.2° F. in August.
Woodring, Brown, aad Burbank (9} give the mean temperature at
Bayeux for each month of the year over the period from July, 1909,
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to December, 1918, with the exception of 1912, the last half of 1914,
and the first half of 1915. These records, converted to degrees
Fahrenheit, are shown in Table 15. This shows a variation in mean
monthly temperaturs from 72.3° ¥. in December to 80.4° F. in July
and August.

TasrLe 13.—Weather conditions at Bayeuxs, Haiti, for the period from Seplember 1,
1824, ta August 31, 1928, inclusive

[Al recards were taken at 8 a, m.}
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TasLe 14—Reinfall records al Bayeuz, Haiii, for about 17 years, a3 reporied by
Woodring, Brown, and Burbank (2), converled from millimefers into tneches for
easier comparison !
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TasLe 153.—Mearn monthly temperaiures at Bayeus, Haiti, for five and one-haif
years of the period 1902-1916, a5 reported by Woedring, Brown, and Burbank (8),
converted from centigrude info Fahrenheil degrees
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The mean monthly relative humidities shown in Table 13 were
celculated from records taken about 6 a. m. each day and so represent
the mean daily meximum humidity at Bayeux. Since the tapping
operations were started before 6 a. m., these readings represent the
humidity at the time the trees were being tapped.
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SUMMARY

Plot and individual-tree yields of 95 Hevea brasiliensis trecs at
Bayeux, Haiti, for the period from September, 1924, through August,
1925, are reportad. The mean production of first-quality smoked
sheet wag 3.1 pounds per tree. Cup scrap and tree scrap amounted
to 0.3 of a pound per tree, giving a total yield of 3.4 pounds of dry
rubber per tree.

Individual-tree records for nine months are shown. The best.
trée yielded 10,122 cubic centimeters of latex, or approximately
3,036.6 grams (or 6.7 pounds) of dry rubber in nine months, thus
yielding at the rate of 337.40 grams or 8.74 of & pourd of dry rubber
per month. :

The yield distribution shows that & large proportion of the latex
is produced by & small proportion of the trees. The selection of
high-yielding trees and the elimination of nonproducers are im-
portant items in estate development.

It is essential that some definite index of yielding capacity be
found. Since any determination of yielding capacity depends pii-
muarily on the yields, it is essential that the relationship of the yields
in t;il}eddiﬁerent seazons and in the different years of the tree’s life be
studied.

The methods used in studying these relationships were the product-
moment correlation and regression methods. The coefficient of
correlation of rank can also be used.

The relation between the tree yields in the different months at.
Bayeux is shown by the use of the product-moment correlation.
The coefficient of correlation of rank is shown to be little different.
from the product-moment correlation.

The intermonthly correlations are high, showing that low-yielding
trees in one month are normally low-yielding trees in any other
month, and the total yield can be determined with a fair degree of
accuracy on the basis of a knowledge of the yields for & month.

The effect of the elimination of trees according to yield is shown
from the tree rankings in the different months. By eliminating the
lowest 25 trees on the basis of the totsl yield the mesan tree yield
would have been increased 17.5 per cent. Elimination according to
tha yield for any one month would huve increased the mean tree
yield from 12.1 to 16.5 per cent, according to which month wes
used as a basis of elimination.

The use of the regression equation is discussed in connection with
production contrel. A method by which the production of any tree
can be predicted is given.

The accuracy of & prediction based on a month’s yield is in pro-
portion to the closeness of the correlation between the period being
estimated and the period used as a basis of estimate.

Thke closeness of the correlation between any month and & subse-
quent month i affected by the proximity of the two months, but
not in direct ratio, as it is also affected by seasonal influences.

The correlation between yicld and tree girth was found to be
0.166 £ 0.068, a correlntion which is lower than those reported by
L2 Bue in Sumatra and Whitby in the Federated Malay States, and
muech lower than that reported by Bryce and Gadd in Ceylon.

The correlation between yield and bark thickness was found to
be —0.030 £ 0.070, a correlation very much lower than those reported
by La Rue and by Bryce and Gadd.
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Girth and bark-thickness measurements have little value as a
means of measuring relative yielding capacity. For that purpose
they are probably inferior to yield records for even a single day.

An anslysis of place effect within the plot showed uniformity in

rcgfilrd to yield and a slight positive tendency towsard spotting in
rirth.
& An analysis of rubber-content measurements taken for the samo
trees in September, 1926, showed that there is only a very slight
correlation between Iatex yicld and rublber content. The rubber
content is significantly different in different trees and is, to a high
degree, constant.

Latex yields may be used to replace dry-rubber yields in measur-
ing yiclding capacity. When the most accurate measure of yielding
capacity is desired, it should bo taken by dry-rubber measurements.

The bark cousumption was very conservative, atnounting to a
mean of 9.3 inches of bark from approximately one-third of the
circumference of each trec.

The bark renewal has been zood.  The bark thickness for 9-tmonths-
old bark was from 4 to 7 millimeters.

The woather records covering the period reported on are shown.
From comparisons with other weather records taken st the same
locality it would appear that the weather conditions for the year
wore normal,
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