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" severe to warrant the catrying out of a detailed examination intixe
fiedd At T A g 't' :

* 'His data, however, do not allow of a detailed study of ‘the _

- attacks which occurred duting the second year of pruning. More
‘pecently, observations have been' made concerning the incidénce of

~ then co

_ OBSERVATIONS ON AN ATTAGK
 BY SHOT-HOLE BORER ON TEA

e
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"~ INTRODUCTION

. - That Shot-hole borer (Xyleborus formicatus Eichoff, fornicatior :
Eggers) does not attack tea bushes to any appreciable extent during
their fitst year from prining has been amply demonstrated by Jepson.
Concerning an experiment carried out on Sarmia ‘Estate, Badulla,
i & field which” was pruneéd in August, 1920, he stated that it was .

not until February, 1922, {i.e., 18 months’ after pruning) that the. .

attack by ‘shot-hole- bpier;, though still small, was sufficient for a
coinparisdn to be made between the various plots.”? In a second,

. ekpetiment on'the same estate, the Tield being pruned in Augist/ .

September, 1920, it was nof until May, 1922, (i.e., 20 months -
after pruniﬂg} that the “attack ‘was sufficiently - .advanced - to ‘be .
measurable.”’ His third experiment was carried out on New .

o quaden‘iza Estate, New. Peradeniya. There, the field was pruned *
e in'Jaly, ¥

9923, but it was not until September, 1924, {i.e., 14 months
frer prining) that “‘the attack by borer was consideréd sufficidntly.

f

shot-hole bbrer during a_period of increasing attack, and the data.
llected is here used, for a study of thatattack. .

. ‘..'
A

N

B Y METHOD - _ ,

" "The experiment was carried out on Gonakelle Estate, Passara,
at an elevation of 3,600 feet. = An area in #‘field which had been
pruned i’ November iDegember, 1938, was divided into 8 plots, each

being hpgi'dxi_uiatefy one-fifteenth of an acre. Three of the plots

were nbmally phicked and the other thiee were plucked harder. -

‘The experimental plucking started on ¥2¢h May, "1939.

-
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At 3-week intervals between February 7th and November 20th,
1940, ten bushes selected at random in each plot were clean pruned.
All the prunings of the 60 bushes were carried to the laboratory
and there examined for shot-hole borer galleries.

Borer galleries can be classified as open or healed, according

as the entrance is healed over or not. Newly healed galleries are

.. comparatively easy to detect.- Old ‘heals’ are sometimes only

¢ e oiciefinitely disclosed by shavic awdy the surface untit the obliterated

* gallery is revealed, or by splitting the branch longitudinally. Open
gallery entrances, however, are unmistakable.

Galleries with open entrances, here termed open galleries, can
after dissection be divided into those which are occupied by living
beetles and those which are not. Open galleries have therefore
been classified as occupied and empty. The empty galleries can
again be sub-divided into those which have been vacated after a
brood has been raised, and those which were abandoned before egg-
laying started. These have beén termed vocated and abandoned
galleries respectively. There is. no difficulty in distinguishing
between an abandoned and a vacated gallery. The former is
always much shorter than a normal gallery in which a -breod is
raised, and it gives the impression that the pallery has been occupied
but for a short time. The presence of such galleries suggests that
beetles after starting to bore may find conditions unsatisfactory and
go’ elsewhere, : ‘

- There are therefore four types of galleries — healed, vacated,.
abandoned and occupied. The first three contain no living occupants
while the last-named does. The sum of the four different sorts gives
the total galleries. Vacated and abandoned galleries together consti-
tute what are here termed ‘empty’ galleties. . B

- The numbers of g:;ﬁeria of all sorts found at each examination
i the 60 bushes are given in Table I. The same information is
given somewhat differently and in graphic form in Fig. 1. SRR

L., The dotl lempers oF galizries found ar sach examitation ars -
shown as.emall crosses in Fig. 1. - It may be seen from Table I or
Fig. 1 that the total number of galleries remained fairly constant
until about the seventh examination on June 12th, but after that
date the number steadily increased. Increases can often be expressed
ag interest, either simple or compound. If the increase in this case
follows any interest law it obviously, from Fig. 1, is more closely

~ allied- t¢ tompound than to simple interest because the increases

[}

begween examinations are not. equal.

i,
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" " which ‘supports the conclusion that &gzﬁare borer ,attack ‘ceases "
“during “the ‘third year. "The only publishett data which thréw any
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A third curve B is also-shown in Fig. 1. This curve represents
the rate of increase of healed plus empty galleries. The observed
~walues are shown as small triangles. The curve represents a rate -
of increase of 14 per cent which is approximately equal to that found

for healed galleries (Appendix C). L ‘

DRISCUSSION

© " - . Before pruceeding to ‘make aty- deduciions from the theosetic
curves derived from the observed data, it is advisable first to ascertain
what reliability can be placed on such conclusions. It is well known
that two totally different formulag may, within a certain range of
values, equally express the relationship between two variables.” In
this instance, compound interest formulae have been found to express
tolerably well the rate of increase in the number of galleries within
a certain range of observations. But there is no certainty that the
same formulae will express equally well the rates of increase at other

"~ timies. Consequently, any ' conclusion involving the use of a

compound interest formula outside the period from which it hag been
cafculated must be -regarded with caution. ~ Such conclusions egn.at. -
best. be merely tentative until confirmed by other . observations,
preferably direct observations, .

' CESSATION OF ATTACK

-4 *v":lt} will' be evident that as the healed' plus ng;:y galletieé are
-~ intreasing at a more rapid rate than the total galleries, there: will
~ be a time when the empty plus healed galleries will equal..the-total

galteties, if the two rates are-maintained. ~ Theoretically, that would
Bursbout the middle of April, 1041, (Appendix D) when the
totdl galleries would number 8,920 or 140 per bush.. Then. as.all.

* ‘the galleries would be either empty. or healed “there could be.jo - -
gecupied galleries from whith beetles could-emerge to conu%ﬂ;g Lo
SO |

7. " Tidttack.’ In other words, the attack must cease by the mi
7Apr] in the third year. IR s
B -.ﬁ_;:-&-_i‘,”: B SR . .. e .. . e a. _‘_;- ) e < N .
7 No great impsrianceé cai’ be attich&d to-the actual number of - | ...

galleries calculated, ror perhaps to. the actual time. Tt will be suffi~
‘it to’ conclude “that i the conditions ruling during the ohserved
Jeriod tontinue, the attack must cease itv the third year from prusaing.

T that is true, certain conditions must be operating all the time,
#¥dn before November 20th, 1840, which ultimately stop the attack.

L

L Wamu:it sherefore first determine whether there is anjie‘mﬂeng&
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light on this point.are Jepson's.® His experiment was carried out

‘on :Sarnia Estate, Badulla, with 25 plots. The bushes had beén

cpruned in August/September, 1920. At each examination,-.the
galleries in'§ bushes from each plot, i.e., 125 in all, were counted.
he first examination was made ‘in. May, 1922, 20 months after
pruning.  After that date ‘8 other examinations were made at
-approximately 8-month” intervals. - : ' .
.- _In Table Il the informatioh given in the .first-7 columns has
bezi obiamed irom Jepsuii’s pliblished data; that given in.she kit
3 calumns has been obtained by simple calculation. It will be seen
that between the first and second examinations there was an increase
‘of 7,550 galleries; in: the following six months the increase was only
2,261, and in the final period there appeared to be a decrease in the
‘number of galleries,. - - - - : S

.t " TABLE I .
F. :l . . X . ! ) - - .
.+ }epson's data regarding Shot-hole borer attack
R e “Number of galleries - . . No. ocoupled
. N . . 1‘0!‘ - ) :._ T n ‘ g - % . | . Pe\-
pution - months bushes- Total Open ted  Occupled Occupled "Total bush
. R ; .- .r. -= “ . : \ .. L -' — A ”»r - I
i 20 625 10774 6320 625 518 8208° 5188 43
.2 260 G5 1S B2 62> - 1 KIS 4094 6§
'3 " s  ezh. 257 297 625 W [ 5es4 . 178 28
4 83 - 625 . 16680 2872 625 864 5824 (16m 27

" That decrease is somewhat diffictlt to understand as a gallery
onge formed cannot disappear entirely. But the éntrance may b
fealed and thereby become less obvious. ~ Jepson’s observations were

made in the field and he has commented on the diﬂ';cu!goof deter- .

ining. accurately the mumber of healed galleries' under those coddi-
m We :nayyﬂ_xérefore agsume that the short count of galleries
was mainly, if not entirely, of healed gafleries. S

b . .
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The counting of open galleries is less liable to error. Of these,
‘the accupied galleries are the more important as it is from these
‘galleries future attacks will be carried on. The occupied galleries
were not counted separately, but from the fact that a number of
open galleries were dissected and sorted into ‘empty’ and ‘occupied’
it is possible to estimate the percentage of the open galleries that
wete occupied. From that percentage and the nurni_r of open
galleries found at each examination, it is possible to get an approxi-
mate estimate.of the numbe: of occupied galleries at each cceasion.
These estinates are shown in the last two columns of Table 1l as
“Total occupied galleries’ and as ‘Occupied galleries per bush.’

# " From these figures it will be seen that the number of occupied
leries decreased at each examination after the first, the greatest
derrease occurring between the 26th and 32nd month, i.e., in the

- 8rd year from pruning. The first examination was not made until
20 months from pruning because then only ‘'the attack by borer was
, sufficiently advanced to provide information upon which calculations
" could be based.’”” It is evident from the figures that it wai made
- at the time when the attack had increased and was increasing rapidly,
- and probably had neatly reached its maximum. In the third year, .
. -the -attack: decreased until ultimately the low level of 2.8 occupied
-+ galleries per bush was all that could be found. S T
. " - There is evidence from outside sources therefore, that shot-
. bole bérer attack, though it may not cease entirely in the Srd year
- from . pruning, is. very materially reduced; in fact, the number. of
" . occupied galleries found in the third' year is less than one-third.of
_ the oumber found 20 months after pruning. We r::‘g. therefore
.. look with confidence for causes of the cessation of ait R

B

%4 . PERIODS OF OCCUPATION AND HEALING

- From.Fig. 1 it is possible to determine the theoretic values of
“fiasuring vertically, using the vertical scale, the distance-bprween -
... ~the approptiate lines; it is also possible to measure the-mean time
" gt cooupation and the mean time of healing by measuring horizon-
%L ially thel distance between the sade fines, uaing the horizoncat-scafe. .

7 - ‘Por-instance, on November 29th the dare of the last observation,
‘Height of lite C on that date; empty galleries numbered 450, and
‘dcupied galleries 628, represented by the vertical distance between
B B and C and between A and B respe;tnvdy. Theto e
" répresented by ‘the vertical height of line A. - The numbe

"“found on that date, from Table I, were, healed 226,
occupied 822, making 8 total of 1,286, °
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The mean time taken for galleries to heal after being vacated
is represented by the distance between lines B and C measured
horizontally. Because the rate of increase of healed plus empty

alleries is almost the same as the rate of increase of healed galleries
alone, this distance remains almost constant. This is best seen in
Fig. 2, where healed and healed plus empty galleries are repre-
sented by -straight lines; the lines B and C are almost parallel.

_ If the lines were absolutely parallel it would be immaterial at =
<. . what point their distaace. spartds measured; it would-be the same . .
at all points;- The deviation however is so small that it may be
attributed to a small experimental error. That explanation is
_preferable to the alternative, that there is a slight ‘shortening of the
period of healing during the course of the experiment. ’

i+ - \When, however, the period of gccupation is> considered, the
position is very different. It has been shown. that the lines A (total)
and B (healed plus empty) would meet about the middle of April,
1941, and at that time there would be no occupied galleries.. This
-implies that.the mean time of occupation of galleries is continually
diminishing. It decreases from 11.7 weeks tn the middle of July
to 8.2 weeks at the end of November and ultimately to 0 weeks in -
April, 1941, As stated earlier, there are two sorts of - empty
‘galleries, vacated and dbandoned. The former. are. occupied
Fo.r sufficient time for a brood to be raised while the latter are accupied
for & very short time. The apparent shortening of the mean time
‘of oceupation of the galleries may be due therefore to (1) an increas- -
.- ing proportion of abandoned galleries, (2) a real shortehing of the
time of occupation or to (8) a combination of both the above causes.

- It will be seen from Table 1 that the number of abandoned
leries found i 80 bushes did not exceed 5 till August 15th when -
. &here were 16. At that date and at the B later observations, aban-
.. doned galleries amounted to 11.1, 18.5, 11.9, 12.7, 14.9, 18,0 per
"7 gent respectively of the empty galleries. Obviously the- g@eomm o
"“"7of abandoned galleries is increasing steadily towards the edd’of the

Cnert il wbservaion. alse -means that it s impossiblc o, express - . o -
aceurately the rate of increase of the abandoned galleries in'téims of
tompound interest, because the rate of interest is steadily increas-
ing. This point may be illustrated by caleulating. the rate of interest
which best fits the ohservatians made at the last 6 and at the last
4 examinations. For the last six observations the rate of increase
- ‘'was 13.6 ‘per cent per week, whereas for the last 4 it was 19.5 per
' pent, a very appreciable increase. - o

Ed
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Although it may not be possible here to express accurately the
rate of increase of the abandoned galleries, it is obvious that, with
the passage of time, more and more beetles after starting to bore
a gallery find conditions uncongenial and abandon the job. If such
intrease continues, the time would arrive when all the new arrivals
would fail to complete their galleries. That would amount to a,
cessation of attack. ‘ '

. Why .should shot-hole borer abandon the galleries without
., Paising a bréed P We should have to look to physiological evidence

for §he Complete’ answer io'that questic:::  1i will be.sufficient. here
to suggest that pessibly as a result of plucking — the data here
studied is from bushes in plucking and consequently the conclusions
may not be applicable to bushes not plucked — growth is restricted
with resultant changes, possibly, in the hardness of the wood, or
its moisture content, or other characters which make it unsuitable
for the borer's purpose. The purpose of this paﬁier is not to explain
the cause of abandonment but to demonstrate that increasing aban-
dontent, as has been observed, must lead ultimately to a marked
diminution, if riot complete cessation, of attack.

.~ We may conclude therefore that while the attack is increasing
in fntensity, - simultansously there are certain undefined changes
occurring within the bush which ultimately cause the attack te
diminish materially. © These changes operate by causing the beetles
to abandon their galleries before egg-laying, and may also, though
this has not been determined, result in such galleries as are used
for raising a brood being used for that purpose for a shorter time.

From what has been said concerning the mean period of ocgupa-
tion, "thé length of that period will depend largely upon when it is
medsared. A measurement, taken before abandonment has become
extensivé, will give a near approximation” to the time a galle?‘r is

‘normally occupied when a brood is raised. The basic -date here.
uséd for measuring -both the period..of occupation-and the periad .
of healing after the gallery becomes empty; is July 24th.

 Measuring through the point representing the number of healed
~ plus. empty galleries on July 24th along u horizontal line cutting
"and C the following results areﬁobtaim__:& - T
Period of occupation '='11.7 weeks. ' .-
Period of healing after the gallery is emptied = 8.4 weeks.

" - So far:as the writer is aware, no, previous attempt has been
made tc estimate the length of time a’ gallery is normally GCcufpied
By shot-hole borer beetles. V&_f_lwn'd@smbmg the life-histary o the

o 5

»
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beetle ** the . writer - stated that eggs would completely disappear
fram ‘the ﬁgaileries...after 64 days. He pointed out that that was an
average hgure but that it applied only to those galleries in which .
large numbers of eggs were laid. . That figure, however, does allow,
ant estimate of the .period of occupation to be made. To ’
it has 1o .be added the larval period (15 days) and “fupal
peried- (7 days), and a few days also must be allowed for
.the adults to vacate the gallery {say 7 days). That would give a
petiod of 93" days or 13 weeks as an estimate of a maximum period

... of oceupation. In that Ii_%ht, an estimate o an average period of ,

" 1}’f weeks ‘as “obtained trom - the present data dees not appear
.+ «The writer first made an estimate of the healing period in 1026
from' Jepson’s data.?’ The time¢.measured on that occasion was
from: the time the gallery was formed (not vacated) till it was healed;
cantequently, it includes the time of occupation also.  As now shown,
much: depends. upon the time such a measurement, is made. Con-
derping. the ‘control..plots, the writer stated ‘'the healing process
may be taken as occupying 8.75 months, i.c., the mean of 3.2 and
4.3 months.”” . That estimate is shorter than the one made from'

the prgsent data, ‘which is 20 weeks or 5-months from the time the

rallery is made till it is healed. The present data are more complets

af Jepson’s, and the writér is of the opinion that the present

-
L

estimate is, the mdre rebiable. It ‘must be pointed out, however,

£,

hit Jepson’s datd were collected from'a different district at a different
evation. * Stch differences may affect both the times of vecupation
and of Kealing: <> - i L L SRR o
. “’*thg‘*"fmé alsé” published  data’ concerning the healing of
KA sglfe{iﬁy; i g"éﬁ* entrarice’ holes were observed for a period of 116
.. days.” Difing that time 8 dut of 49 were héaled. The time taken

to Real varied frora 36 days to 103 with a mean of 77 days. It
Ly mﬁ' hfi;g‘roba%]e_ that miost, if hot all, of these galleries were -
X andéonéd, uk the time' meagured includes the period of vecupation
~.....as-well as-bf Healing. Unforrunately, no information is given-con-
~ ¢erpingishe. galleries, but obviously, such times as 86 and 47 days
- ﬁm@g shart for both raising a broad and the healirig of the gallery.-
o= o0 1B days 18 too short, 5, time for-atenperiment of this nature where
T the mean time for healing plus occupation may, as agte?mined- here, -

. beas much as 20 weeks or 140 'days.
A b T ORIGING OF ATTACK ~ ,
o, 4 tosdRigd 1shiows that o June 12th, there were 78 galleries of all .
v Aoy (Total) by the theoreric eurve as’ compared ‘with 70 actually -
7 Rilind: tTheeurvehds Been contitued backwards towards'thie begin-
. ning of the experiment as a broken line. The curve shows that if

: “ : .
. - . N
T




the rate qf mnmaae had: remamed eonstant fmm ther bemnuxﬁg of
- the experiment, ‘only 14.7 ga]lerzcs would be ne o piveirise
. to the -eurve studied {ﬁ dix E}: :On Febmary‘ tﬁ whéﬁ‘*ﬂi;ﬁ*

first. observatiofi ‘was made, 56 galleries ‘were’ found, i e., meatly
4 'times as many ‘a§ ‘the ex pected valué.  We mdy. conclude, :béf
fore, that the rate of mcreése between’ February Tth and" Junééilgi
%%s érpmﬁz {ess shm ﬁwt*ffbsérve& fatef, mz 10.7. per et ‘- "t

if ‘the. mcre.asr. ‘bad Heen 10, 7 per cem:, the: 58 gallcnes nn B
Fﬁﬁamﬂ”m«wanld have become 112 six and a half. weelis lategg-s =
~ and-would have more than doubled’ again by June 12th. whereasi o
we kfiow that i the whole of that period the 56 galleries imd,énﬁgfz
. incedsed 16 78" The attack therefore. only became of‘feal ummtm
: aniae ‘abaut June 12th, E& mﬁmhs after pmnmg : 3o al
e 5, Hijgf,} .

The 56" galleries fomid on February Tth were from 60 hushes
mth&y fepzesfem mav?ag: af 'Il‘h gultery per bush, or mtrrethcorrecgty;; :
' » pri rom one bush., se prunings represent the £o
- _ﬁf_j}, sq‘g:z;gghs‘ “Jt wggwge evident ﬂ%ereiio:e ﬂ;aé if afcia a..a -3
- “there is but one oceupied gallery per bush, possibly much less, and’ o
" that himber can be wmaintained fdﬁﬁ months till the new’ wd&@’i@f S

Mﬁ i&g’;: attack, there wﬂi Be suﬁment Beeth:s to ensure g sevérdl .

. ‘f s e

' The fact that an- ﬁﬁtt‘retnelv‘ smaﬂ number ef o:cu:pteti i ';.3 o
lﬁt in.a field after pruning is sufficient, withgut outside help, so‘giw -
r:gg o a givg at;aqk 18 months later, when the new wood js more;

fes, is ot generally recognised. . The, requisive,
- 30 veiy smaff ﬂta:z any attempt to reduce it seams fatli@a

H Tﬁak aﬂ aﬁﬁ{npts ta éhmina:tae shot-hole boret’ b a;‘
metho s-fsucli ag teapping the insects, hurning, bandmg, grum_ r

5 of plants, etc’, have proved futile, is vouch
tves ‘as the reason: "It is  impossible wit}
_,",;na;te all J?;mduals present."’ H&:‘éw
+ ke proper ais) nmgmg e paly.
1 . wheyeby a iarggpenumber ingegtrsucaxibe atraye
&a Wﬂ g the w&mesai- bummg of ihe» p‘ _ &
' mnwdiatefy ?iftgx pmning oy
' Those who- have tried the- e&e.ttt o bnmmg dﬁ pmnings. and’
azt any 'Rave, have realised that it makes no- material différence to-
ér aftack and the practice has rightly fallen into disuse!” Pﬁeﬁé@ o
eﬂﬂy:. e sanie idea is resptrected, judging from enqifiries: dofniiigh-
to the It S i;rm tlm&%@mbeworﬁ;wtrwtnghn

“'_4.* .&{r
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It must be admitted that the burning of prunmfs must destroy

a la.rge number of beetles. But it seems immaterial how many are
destroved so long as even very few remain established in the bushes.
No special precautions were taken before the experiment under
consideration was started. The prunings were not burnt nor huried.
The beetles which may have emerged from the prunings did not
o ‘find their way back into the pruned frames and breed there satis-
' factorily, else there would have been a much heavier attack later.
More probably they dicd, or went to ancther field. The latter, as
“wit be whown latec, is unikely. The whole uf the duce denwonstrates
~ beyond doubt that she attack observed originated from a very small
‘nwimber- of beetles, and not from numerous galleries as would be
_’expected if the frames were heavily infected. The burnmﬁagi prun-
‘ings therefore can do no good, and practical expenem:e
Econﬁrrm-d that conclusion.

‘e MORTALITY AFTER EMERGENCE

The total number of galleries has been shown to increase gg:i 3
the rate of 10.7 per cent compound interest, Admlttgdlv s;ngg o
at rate the number of galleries 1s doubled every § weeks a(apgmxv,,;
mqtdy , astronomic numbers would be reached in a relatxvqiv ;}191'; e
- aﬁmc if that rate could be maintained. Nevertheless, that rate Qf SR
- “intrease seems ridiculously small when conditions are favourable for' S
’ : b@tle t.e., when suitable wood is available. o

‘T‘he writer has shown elsewhere 7 that adult beetles enier Lo
occup“lgd galleries at the rate of 0.26 per day and of ;hep; g
pér-cént may be males. We may therefore put the- emergence’ ;a
;female  oftspring as 0.19 per day or 19 in 100 days, ie.; 1" év
s As many as 34 adults may emerge from one galles
) __ber 1s rarely exceeded. If every fe tg male that ¢ emerg
ery establjshed herself in the same bush, there. would SO
& s enes‘ after ghdays. 3 after 10 days and so on. };Tbm agbqn;.
W of more than 100 per cent per week simple mu;ergt Bt
ight: be. atgued that the. oﬁs,pnngpe do not stay‘:n the same bush” 7"
ej,ggw}m;e The l;mght Ay to other bushes in the same field
f~otf;er felds. 1f t{elr migration is restricted to tie one i o
nany beetles are likely to arrive ai .one pardcular bush from - © -
surrounding bushes as would leave. that particular bush on fii ght. :
S&ghe sate of increase should be the same. But suppose they fly
'1;630&};3.- felds. :1f the field they leave is a second year field anll .

%B:é; . 3

re mast.suitable for attack, unless they go _;p mo:het?égc nd
oheld: when the. cxchange wnuld ber ame.as b %9

i PN fields. in their- - -
hird year from pruning. T'he wood in these Bolds i less
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suitable for attack; as has been shown, and, as it seems very unlikely
that the beetles would migrate to less suitable conditions, we must

co‘ncl(l;de that they most likely stay in the field in which they were
rawsed.

There is, however, no information from direct observation by
eatomologists concerning the flight of the shot-hole borer apart from
the fact that the beetie has wings and can fly, The suggestion is
here put forward that they do not normally fly far but tend to remain
near to the gallervy in whizh they were raised.

- This point does not materially affect the argument, but it will
be evident that if the beetles fly from a heavily infested second year
field they must die in large numbers because the wood in 1st and
3rd year fields is not eminently suitable for attack. All statistics
available point to that conclusion. If they remain in the same field
they must still die in very appreciable numbers, because the rate of
increase observed in the number of galleries is very much less than
‘what is expected from the rate of increase of female beetles.

. We may therefore conclude, at least tentatively, that in addition
to a heavy mortality within the galleries shown eisewhere ¥ there R
is also a further large destruction of beetles after they emerge from. B
the galleries. [t would be interesting to compute more exactly-the
' percentage of beetles which do not live lang enough to form a“mry
for themselves. On the present evidence, the destruction of beetles
seems so great under existing conditions that it is likely to exceed
‘what could be brought about by any parasite. In view'of the demands
made in certain quarters that the world should be combed for such
a parasite the matter is worthy of further attention. No sugh para- o
~.site is known and, if the writer’s views are further substarifiated, o
tit.would: appear a waste of time to look for one. - PRNES 14

1

St SUMMARY OF CONCLUSIONS

1. Attack by shot-hole borer does not become of econorhic
_ importance during the first year from pruning.’ .
t .o 20 The main period of attack is usually in the Later half afae -

LT T second year when“tHe number of galleries may increase’ -
at a rate of 10.7 per cent-compound interest. =

8. The attack dies out during the third year.

4. Suﬂicieut‘occupfgd galleries are left after gruqirﬁ to ensire
. an attack during the next pruning cycle. The number
- . 'of oecupied galleries left need not excead one per bugh,. ..

and a much smaller number is all that is necessary.




e

“o. B, Such.measures as the bummg of. prunings can éo httle -or
: nothing towards preventing a later attack. -

8. The cessation of attack during the third year is due to
factors which are operative and whose effects become

w1 increasingly deterrent as the attack progresses. These
.. . -..  factors cause an increase in the percentage of beeties
o that abandon the galleries before egg-laying. g

7. The effect of the same fae ~rs is shown by an apharmt
reditzuon i1 the méan time ol occupation of the galléries

v by the beetles. When abandoned galleries are few the
W%, 1 mean time of occupatlon is 11.7 weeks. y

8, Healmg is completed on the average 8.4 weeks aftcr the
. gallery becomes ‘empty. .

, ‘-'a't

i More tentative conciusmns mciude R

9. The flight of the borer is robdbly very short. T},S,e

¥ proximity of heavily attacked tea is not a serious source
of danger now. -Every field liable: to- attick will . alwz:g‘
~contain sufficient beetles to- initiate the astack: ’whem :
wood is suitable. T

“‘?.The Heavy morta.laty amongst adult beetles, coupled WWh
_the mortality that occurs in the galleries, raises’ doubt
that the presence of a parasite would matenally unpm\?e
matl;t:rs. - o T

'=;-mowmmmrs s .
14 §

%e data, which form thc basns of this art;c]e were cal}ectc(f by
'..MCSSI’S G. D. Austinand W. T. Fonseka of . the Entomlngw&l-
Division of the lastitute at, the Passara Sub-Station. We -alsa
- acknowledge with thanks the facilities afforded by the Management, -
'ﬁayabedde Estates Co., Ltd., at Gonakelle Estate, F:ssaral, <
‘j,ntendent Mr. G Kent- Dcaker. T S

APPENDIX '

o 'I‘he formuia for a eompound interest curve i5 v = Ae’x ’
© whete yis the capital and accumulated interest, A the
original capital, r the rate of increase and x the time .
‘during which the interest has accumulated,’ e-—2i718 T

' The'same formula 'ma y: ‘be written ‘a5 log y=ad batwhere
amfag 10:4 W‘b#r log. 108" ’f‘he gf&ph idr thls formiifa"-’# M
*"is of’course.a stialgﬁtﬁte- RS TR

i
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The procedure for détermmfng the best compound interest

curve was to fit the best stralght line to the logarithms

t1+ -of the.observations.” For.total ‘galleries:that line is
- -‘represented by log y=1.724%. 4&: x being the time -

in weeks counting from May 1st.' Converting as above,

A, the capital is 53 and 7 is found to be 107 or 10.7
per cent, ‘

ARG - Only $ix observatmns Fave-heen used for the calculatnon- '
S .of the curve to represent healed galleries as it is only
from about July 24th that the logarithms of the obser:
‘vations’approximate'a straight line. “This line is repre-
© sented by the equation log. y=1.198+ :064x which gives
A a value of 15.7 allenes on July 24th, and r a value
of 147 or 14.7 per cent. - '¢ - b s o P

€. The healed plus empty gallery curve is calculated for the
same petiod as for healed galleries. Log. y=1.736+
.061x. This gives the increase rate of .140 or 14 per P

4 cent, andithe pumber of galleries on July:24¢th s 645y ”
' The graphs for. the above three lines Are. given ig I*;ﬁ 3
"~ which also shows the data fréom which: thef waré ‘edlcu-

tated. In Table IIl these and other equat:ons are brought
‘10 a common Zero ‘time, viz! Tuly ‘24¢h.

D. The time when the two lines meet is when 2.280. + .046x=
‘ 1.736 + .081x; i.e., when x= =36.3 weeks after July 24th,

E. The actual value has, of course, been calculated from the
appropnate equatxon )
ST R )

T .. . TABLE I

The Values of a'and b of the® equatxon log y a+bx wllh
' july 24th as zero-time. - e |
A Type of gallery 2 ‘J.;?“- b Afl' Period "sed._f?f cﬂlctﬁﬁtmn .
Total . 2.9280 048 i"‘s‘é,s'f .;Q":; Moy 23rd-Nav, 20ch, 1040;  ©.°

Heled ~ ~ 1196 084 167 .147 Aug: 15th-Nov. 20th, 1940

’ ! B ok

Empty+Healed 1.736 .081 4.5 140 .- ?do.j DY

Vacai!t . ‘ . 1-&63 .081 " 29&0 =140 . dd.r"?!ri o ‘h,,!-h

" Abandoned” - .0.858 050 . 71 .18 . | do. .

do. . 0485 .085 3.1..105 Sept. 24th-Nov. 20tk 1940



(1),

{(2).
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