
OBSERVATIONS O N A N A T T A G K 

BY S H O T - H O L E BORER O N T E A 

INTRODUCTION 

That Shot-hole borer (Xyleborus formcaius Eichoff, fornicatior. 
Eg^ers)' does not attack tea bushes to any appreciable extent during 
their first year from pruning has been amply demonstrated by Jepson. 
Concerning an experiment carried out on Sarnia Estate, BaduUa, 
til a field which" was pruned in August, 1920, he stated that it was 
not until February, 1922, , {i.e., 18 months' after pruning) that the 
attack by'shot-hole borer, though? still small, was sufficient for a 
comparison to be made between the various p l o t s . I n a second. 
experiment on'the same estate, the, held being pruned in AugUst/ • 
September, 1920," i l was not until May, 1 9 2 2 , . (i.e., 20 months 
after pruning)1 that theattack > a s ; sufficiently, advanced to be 
measurable.1*' His third experiment was carried out an New, 
Peradeniya Estate, New Peradeniya. There, the field was pruned 
in July, mfo, .but it was not until September, 1924, (i.e., 1 4 months 
after" J^ni r ig) that "the attack by* borer was considered sufficidntry 
severe to warrant the carrying our of a detailed examination in the 
& m s * : ; ' ' t 

His data, however, do .not allow of a detailed study of the 
.attacks which occurred during the second year of pruning. More 
recently, observations have been' made'concerning the incidence of 
stot-hole borer during a period of increasing attack, and the data, 
then collected is here used; for ;a scurfy of that attack. 

,.;',; ;<I M E T H O D • 

'. Tile experiment was carried out on Gonakefle Estate, Passara, 
at an elevation of 3,l>00 feet; An area in a fiefd which had been 
pruned Sh November/December', 1938; was divided into <S plots, each 
being approximately one'-fifteenth Of an acre. Three of the plots 
were rmrntaJfy pmcked and the other three were plucked harder. 
The experimental plucking started on 12th May, 1939, 
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At 3-week intervals between February 7th and November 29th, 
1940, ten bushes selected at random in each plot were clean pruned. 
AH 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 
v*,*te£bitely disclosed bv $ji:w:r.z w £ j* 'the surface Uutil 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 
beetle** 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 been termed vacated 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 brood Is 
raised, and it gives the impression that the gallery 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. Tlie sum of die four different sorts gives 
A e tota\ galleries. Vacated and abandoned galleries together consti­
tute what are here termed 'empty* galleries. 

The numbers of galleries of all sorts found at each examination 
Inj this 60 bushes are given in Table I . The same information is 
given somewhat differendy and in graphic form in Fig. 1 . 

. \ ..-Tbz «sts=-'-:'.2.*hers fc'aiferies found .a f sack exa-nti-diti-n-sr*: 
shown as--small 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 
as interest, either simple or compound. If the increase in this case 
follows any interest law it obviously, from Fig. 1 , is more closely 
allied to compound than to simple interest because the increases 
between examinations are not equal. u. 4 • 
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1»:number o f Shot-hole borer galleries'found in the prunings of 
0 bushes/ 'The -'bushes were previously pruned November/ 

December, 1^38. " • r 

•fype of Gallery 
Dste „ , 

' iir inif imii 
Vacated A b a n - Occupied , '3tota! 

• x 

6 
7 

February; 7th 

19th 
9th 

. 1st-
23rd 

^ 1 2 t h 

m 

12 
13 
1 * 
1 1 

rust 
24th 

ier 5th 

81 
1 9 
26 
30 
25 
32 
41 

,30 
1 9 
29 
43 
68 

16 
f 

1 5 
1 ? 
8 

C 4 
ie 
18 
s& 
45 
69 
8$ 

October. • 16th TOO 1 8 * 
€th 136 270 

29th 226 £27 

1 

\? 
; J 

4 
2 

§ 
2 

1 6 
i 3 
1 4 
40 
72 
8 1 . 

8 
4 
8 

20 
1 7 
$2 

32 
4 9 , 
63 

ft 

386 
461 788 
4 S 4 : 912 

LH 1 
. been made to determine what 

.^l ifr j l iest• i i o b s e r v a t i o n s ma^" betwe^*- . 1 W 

^Jrftanc! November » h - inclusive |iee*Appenrlix Note; A ) . .That 
, a i m fa drawn a i * h e si&lid line in Fig* 1 marked A fFo taWaad 

" I f w $ | 1 ^ - s e e « t^^^ v-
Qts&rWc ,'fr^Sft'• by the curve. The curve IhowS hskr-M^ 
galleries on M f y 1s t would increase at a rate-of 1 0 . 7 per cent* per 

prec% con junc t i n v e s t A t that rate of increase the numfce* ® f 

F s ; tfe fnumber)" of hlaled galleries* found a t -each. ex«mv t 

sated l * y a small ctrdeV«nd * compound interest curve' 
its the last six observations has been cafcufatetf 
r ^ d ^ ^ c ^ r t by tletsoftd line G (Healed) / r i p s 

a rate of. increase of. 14.7, per cent. The n^rafcr, 
* ' " " ' ' f ' d o u b l e d finery 4 7 weeks; . . J 

are'igegated to ̂  appendix j$t; 
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A third curv6 B is also shown in Fig. 1 . This curve represents 
the rate of increase of healed pbts empty galleries. The observed 
values 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 ) . 

D I S C U S S I O N 

- Before proceeding to -matte any-deduction* *rum the theoretic 
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 formulae 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 wejl 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 
times. Consequently, any conclusion involving the use of a 
compound interest formula outside the period from which it has been 
calculated must be regarded with caution-. Such conclusions can at 
best^be merely tentative until confirmed by other. observations, 
preferably direct observations. 

C E S S A T I O N O F A T T A C K 

: ; It wilfbe evident that as the healed pfas empty galleries are 
iritfreasing at a more rapid rate than the total galleries, there! will 
j&e a time when the empty ptor healed galleries will equal̂  the-total 
j^ferTei , if the two rates are maintained? Theoretically, ;$jat would 
eeeur'ibOut the middle of April, .1041, (Appendix D) when $ e 
'total galleries would number 8,920 of 1 4 9 per bush*. Then. as all 
•the galleries would be either empty or healed there could be no 
Occupied galleries from which beetles could emerge to continue the 

Taitaek7 In other words, the attack must cease oy the midttte 
?AprJJ in third year. ? - j.u'<> 

No g*eat importance can1 attached tooths actual number of 
galleries calculated, nor perhaps to. the actual time. It will be suffi­
cient to conclude that if the conditions ruline during the observed 
.Period continue, the attack must cease in the third year from pruning. 
If ^that is true, certain conditions must be' operating all the'time, 

before November 29th, 1940, which t&imafefy stop .the.attack. 

We must therefore first determine whether there i$ any! eyiden^e 
which supports the conclusion that shot-hole borer ^attack ceases 
during the third year. :The only published data wtich throw any 
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TABLE II 
f - - . 

; Jepson's data regarding Shot-hole borer attack 

'' . ' • •. ' Number of galleries No. occupied 
from1 NO. . ^ , ,„,.,,. 

Exami- pruning of Dlssec- % Per 
nation months bushes Total Open ted Occupied Occupied Total bush 

* -

—, , — — . — ~ - : ' ! r 

1 20 625 10.774 &320 625 513 82.08 5,188 8.3 

, 2 26^ ' 625 18324 S ^ T - 6 & . 311 ^ 7 6 ; . 4,094 6.6 

' 3 ' 32 625 * 20,575 2,97? 625 3 7 * 5934 "~ - 1,783 23 

4 88 625 16*680 625 364 5&24. ljB73 2.? 

'•ilThat decrease is somewhat difficult to understand as a gallery 
once fo/med cannot disappear entirely. But the entrance may be 
nealed and thereby become less obvious. Jepson's observations were 
made in the field and he has commented on the difi?culty of deter­
mining accurately the number of healed galleries under those condi­
tions. We may therefore assume that the short count of galleries 
was mainly, if not entirety, of healed galleries. 

tight oil this point are Jepson 's . m His experiment was carried out 
on Samia Estate, Badulla, with 25 plots. The bushes had been 
pruned in August/September, 1920. At each examination, the 
galleries in 5 bushes from each plot, i.e., 1 2 5 in all, were counted. 
Tne first examination was made in May, 1922, 20 months after 
pruning. After that date 8 other examinations were made at 
approximately 6-month intervals. 

• J n . Table II the information given in the .first 7 columns has 
tjesii' obtained* from Jepson's published data; that given in the 
3 columns 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 ,251 , and in the final period there appeared to be a decrease in the 
number of galleries. 
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The counting of open galleries is less liable to error. Of these, 

die occupied galleries are die 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 
were occupied. From that percentage and the number of open 
galleries found at each examination, it is possible to get an approxi­
mate estimate-of the mtmbc- of occupied galleries at each occas'-jn 
These estinates are shown in the last two columns of Table l l as 
fTotal occupied galleries' and as 'Occupied galleries per bush.* 

From these figures it will be seen that the number of occupied 
galleries decreased at each examination after the first, the greatest 
decrease occurring between the 26th and 32nd month, i.e., in the 
3rd 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 wa.; made 
at the time when the attack had increased ana was increasing rapidly, 
and probably had nearly 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. ^ w 

There is evidence from outside sources therefore, that shot-
hole "borer attack, though it may not cease entirely in the 3rd 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 number found 20 months after pruning. We may therefore 
look with confidence for causes of the cessation of attack; 

PERIODS OF OCCUPATION AND HEALING 
From Fig. 1 it is possible to determine the,theoretic values of 

the number of occupied, empty or healed galleries at any time by 
Measuring vertically, using the vertical scale, the distance between 
the appropriate lines; it is also possible to measure the mean tijne 
t i f occupation and the mean time of healing by measuring horizon-
tatty flic distance between the same lines, uatfcg.trr? horiscntahscaie. 
For instance, on November 29th the date cf the last observation, 
£herc were, theoretically, 223 healed galleries represented by the 
height of line C on that date; empty galleries numbered 450, and 
occupied galleries 628, represented by the vertical distance between 
lines B and G ind between A and B respectively. The total is 1,801, 
represented by the vertical height of line A . The numbers actually 
found on that date, from Table I , were, healed 226, empty 408, and 
occupied 622, making a total of 1,256. 
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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 
galleries 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 4isUace^pirfc<is 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. 

.When, however, the period of occupation is" considered^ the 
pOtMon is very different. It has been shown that the lines A (total) 
and B (healed plus empty) would meet about the middle o£ April, 
1 9 4 1 , 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 1 1 . 7 weeks in the middle pf July 
to $.2 weeks at the end of November and ultimately to 0 weeks in 
April f 1 9 4 1 . As stated earlier, there are two sorts of empty 
"galleries, vacated and abandoned. The former, are. occupied 
for sufficient time for a brood to be raised while the latter are Occupied 
for a very short time. The„ apparent shortening of the mean time 
of occupation of the galleries may be due therefore to ( 1 ) an increas­
ing proportion of abandoned galleries*, (2) a real shortening of the 
time of occupation or to (3) a combinatipnof both the ^ J ^ ^ causes. 

It will be seen from Table 1 that the number of abandoned 
galleries found in 60 bushes did not exceed 5 till August l&th when 
there were 1 6 . At that date and at the b later observation^, aban­
doned galleries amounted to 1 1 . 1 , 1 3 . 5 , 1 1 . 9 , 1 2 . 7 , 14.9,, |&0 per 
Cent respectively of the empty galleries. Obviously the proportion 

Tof abandoned galleries is increasing steadily towards the er<#t>#the 
experiment. * ' • ; . .. >; 

J U ^ ^ i ' k ' i&sena&m. also means that it 4s. jmposubla 5 * express 
accurately jhe rate of increase of the abandoned galleries in''terms of 
compound interest, because the rate* of interest is stead%: increas­
ing. This point may be illustrated bv calculating, the rate of interest 
which best fits the observations 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 
cent, it very appreciable increase. 
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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, wkh 
the passage of time, more and more beetles after starting to bore 
a gallery find conditions Uncongenial and abandon the job. If such 
increase 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 
raising a brood ? We should have to look to physiological evidence 
for She^compiete answer'io^thaT^questioj:. h will be .sufficient, here 
to suggest that possibly as a result of plucking — the data here 
sturjiea is from bushes in plucking and consequently the conclusions 
may not be applicable to bushes hot 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 paper is not to explain 
the cause of abandonment but to demonstrate that increasing aban-
Q*ontt>ent, 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 Intensity, simultaneously there are certain undefined changes 
occurring within the bush which ultimately cause the attack to 
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 occupa­
tion, theV" length of that period will depend largely upon when it is 
measured. A measurement, taken before abandonment has become 
extensive, will give a near approximation to the time a gallery is 
normally occupied when a brood is raised- The basic date here, 
used for measuring both the periodof occupation and fthe period 
of healing alter the gallery becomes empty* »s Jury 24th. 

Measuring through die point representing the number of healed 
plus empty galleries on July 24th along a horizontal line cutting 
curves; A'and C the following.results are obtained . -

Period of o c c u p a t i o n 1 1 ^ 7 w e e k s . 

Period of healing after the gallery is emptied = 8.4 weeks. 

So far as the writer is aware, no. previous attempt has been 
made to estimate the length of time a gallery is normally occupied 
By shot-hole borer beetles. When describing the life-history of the, 



beetle f ? the writer stated that eggs would completely disappear 
Iram the galleries after 64 days. He pointed out that that was an 
average figure but that it applied only to those galleries in which 
large numbers of >eggs were laid; > That figure., however, does allow, 
an estimate of the period of; occupation to be made. T o 
& has- to ,be added the larval period (15 days) and pupal 
period (7 days), and a few days also must be allowed far 
the adults to vacate the gallery (say 7 days). That would give a 
fjeribjl of 93*'days or 1 3 weeks as an estimate ot a maximum period 
,of 'occupation. In that light, an estimate o&jan. average period of 
'IfCT, weeks as obtained from the' present data "does not appear 
amiss.' ' • * •„ " *% '•' -

. the writer first made an estimate of the healing period in 1926 
from- Jepsoo's data.*4' Tjhe time measured on that occasion was 
from |he time the gallery was formed (not vacated) till it was healed; 
consequently, it includes the time o£ occupation also. A s now shown, 
much depends, upon the time such a measurement, is made. Con^ 
&$6tfig. rhe control .plots* the writer stated "the healing process 
may be taken as occupying ,3.75 months, the mean of 3 .2 and 
4.3 months*" That estimate is .shorter than the one made from 
&G Ja^seitt data, which is 2 $ weeks or 5 months from the time the 
*' w is made till it Is healed. The present data are more complete 

eps*>n*s, and the writer is of the Opinion that the present 
te is, the more reliable. It must be pointed out, however, 

l&t Jfepsbn^s data' were, .collected from a different district at a different 
elevation. Such differences may affect both the times of- occupation 
and of freahm?. • 

& j$N? "Varied" ifrarh' -86 '0ifs to Iffl with a mean of 77 days, If 
r_J— htfehfy probable that most. If not alt, of these galleries were 

as 
ternuigs$he galleries, but obviously,"such times as 36 an3 47 days 

sbort;fqr.boA raising a .brood and the healing of the gallery, 
•t 'Jm$.4fay»- is *&>rt; % time iot^^^/^n^iyi* this •nature where, """^Akmcan time for healing plus occupation niayT as determined here* 

, be as much as 20 weeks or l 4 6 d a y s . f 

- - ORIGIN Of5'ATTACK 
'ftyti! Vjsfc&ws mt on June lSthy there were f 8 galleries of all 
V-'(%V>ti4)''fyIthe theoretic curve & compared with 70 actually 

Jfc- >Tfce4^ve1las b ^ n corkirtued backwards towards the begin -
. ning of the experiment as a broken line. The curve shows that if 
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•I-"' "i 

'1 % 

the rate of increase had; regained constant from th r hegntnmf of 
the ex^perimen^ 'only %4Jf galleries would be riecessary to give4rise< 
t0 '<Append&E E>i ;Ori February4 M w r M * 1 ^ 
first observation'''was made, 56 galleries were found,' ie.,••1riearry 
4 'times* as 'many 'afe the expected value. We may, conclude, «WnV 
fore, lhat the rafe/of increase between February 7th and June l̂&fch* 

puch less than *%u^ob5erved later, viz . 10.7 per cent. 

- If the increase; had Seen 10 .7 per cent, the> 56 galleries oftV 
F « & $ & | £ ? ~ # ^ ^ 1 1 2 six and a half wee&.s J m ^ v 

aW-would have more than doubled again by June 12th. ^whe^ni 
w^M&w that ht the whole of that period the 56 galleries had ,&rfy> 
increased to 78. The attack therefore only became of real htipes*tv4 
aofeB'̂ ah&ot June 12*h\ 18̂  months after pruning. : .o 

t i e §6 galleries found on February 7th were from 60 bushes, 
so they represent JBft-«ftSft$feta£ 1 gallery per bush, y& more correcdy, 
the prunings from one bush.» Those prunings represent the growth 
o f ; \ » * ' w h t h s v " J * V $ be.evident: therefore fhat if after prtr*--
tî ret%fcitt one ^ ^ p l e # gslfery per bush* possibly much less, 
iftat.̂ Wiafeet'cat $e Wtotned for I S months till the ne#'w< 
$*#taI*Jefor attack, therewill.be sufficientbeetles to ensure a seN 

"Hie fact that an extremely smatt number of occupied gaMerie# 
l^,t&a;§eM atfep pruning is suffccient, wid«mt outside help, ^^vef 
njse to k "severe attack 118 months later, when the new wm& j$-jmaif$t 

msajfafc^ very-small tft*a any attempt to.reduc^'^-seenu.ftwlev 
, aS attempts t©eliminate shot-hole borer'by jhethai 

s^ucfc a£ httyf^^'^'lnW^-tyinrinq, ban&og, fjn&$ 
1 ? of plants/ etct* have proved futUe* *%y^£b^ 

gives as the reason: 7ft Is impossible 'iritfjb$t£ 

j - e b y f e ^ ' - j i K ^ b e r of insects can be destroyed*.' 
* by the wholesale burning* of the orunirigs*" 

later 

« ' * A ^ q a W tried the effect of, burning the prunings, and* 
' have realised that it makes Hp material dnTeYen^e„t& 

an l *fte pracltee has rightly fallen- Into &mkr 
,e $anfe" idea Ift re^rrec^d, fcdg^'from enquiries* 

* wl 

http://will.be
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It must be admitted that the burning of prunings must destroy 
a large number of beetles But it seems immaterial how many are 
destroyed so Jong 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 buried. 
The beetles which may have emerged from the prunings did not 
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 died or went to another field. The latter, as 
W * H be :.hown later, is uniikeiy. The whole of the d*ua dfcfuonwtrailcs 
beyond doubt that the attack observed originated from a very small 
mwnber of beetles, and not from numerous galleries as would fee 
expected if the frames were heavily infected. The burning of prun­
ings therefore can do no good, and practical experience has amply 
confirmed that conclusion. 

MORTALITY AFTER EMERGENCE 
The total number of galleries has been shown to increase only 

at the rate of 10.7 per cent compound interest. Admittedly since 
at that rate the number of galleries is doubled every 6 weeks (approx.?* 
mately), astronomic numbers would be reached in a relatively.$or$ 
time if that rate could be maintained. Nevertheless, that rate of 
increase seems ridiculously small when conditions are favourable for 
the beetle, i.e., when suitable wood is available. 

r -"' The writer has shown elsewhere i l } that adult beetles emerge 
frcon occupied galleries at the rate of 0.26 per day and of thepe §7 
pet cent may be males. We may therefore put the emergence 'fate 
of female offspring as 0.19 per day or 19 in 100 days, i.'e\t 1 every 
& days. As many as 34 adults rnay emerge from one gallery k but 
t^at number is rarely exceeded. If every female that emerged from 
One gallery established: herself .in the same bush, there wonlcj 
S^gaperies after 5 days, 3 after 10 days and so op. This is an 
increase of more, than lQ0 rP?r cent per week simple injerest._ but 
itnjjght be argued that the offspring do not stay in the same nusfi 
bt§t fly elsewhere. T h e y might fly to other bushes in the same .field 

other fields. If their migration te restricted to *:.te one field, 
as" ft*any beetles- are likely to arrive at one particular bush from 
surrounding bushes as would leave that particular bush on flight. 
^ the rate of increase should be the same. But suppose they fly 
toother fields. If the field they leave is a second year field anfl 
t&R)$£pff most ^iM^ble ^or., attack, unless they go to another second 

.ygarJjeld — when the exchange would be much the same as between 
,b||^^;ai.the. t.sa|njp ^^Nl r^r .PT>« t̂:fly either to fields iniithelr 
first or third year from pruning. The wood in these fields, is Jew 
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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, wc must 
conclude that they most likely stay in the field in which they were 
raised. 

There is, however, no information from direct observation by 
entomologists concerning the flight of the shot-hole borer apart from 
the fact that the beetle has wings and can fty% The suggestion is 
here put forward that they do not normally Hy far but tend to remain 
near to the gallery in whidi 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 elsewhere 0 1 there 
is also a further large destruction of beetles after they emerge from 
the galleries. It would be interesting to compute more exactly the 
percentage of beetles which do not live long enough to form a gallery 
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 suc,h para­
site is known and, if the writer's views are further substantiated, 

i it would appear a waste of time to look for one. 

1. 

3. 

4 . 

SUMMARY OF CONCLUSIONS 

Attack by shot-hole borer does not become of economic 
importance during the first year from pruning. 

Th^.mam period of attack is usually in the later half of *be 
., second year wnetfitKe number of galleries may increase 

at a rate of 10.7 per cent compound interest. 
The attack dies out during the third year. 
Sufficient occupied galleries are left after pruning to ensure 

an attack during die next pruning cycle. The misjjber 
of occupied galleries Ififfe need not exceed one per l 1 "^ 1 * 
and a much smaller number is all that is necessary. 
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APPENDIX 
A . The formula for a compound interest curve is y — Ae** 

where y is the capital and accumulated interest, A the 
original capital, r the rate of increase and x fhe time 
during which the interest has accumulated, e« :2 .718 . 

The same formula may be written as log y^W^bi 'where 
a=;Iog.lO;A andb^rlog. lOS- The grlphfdrthisformula 

' " I s of coursea straighthrie. '-'•'"] ° 

6. ,Such measures as the burning of prunings can do little or 
nothing towards preventing a later attack. 

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

v. i.< increasingly deterrent as the attack progresses. These 
factors cause an increase in the percentage of beetles 
that abandon the galleries before egg-laying. 

7. The effect of t h e same f a c t o r s is shown by an apparent 
reduci'o.i l a the mea;? t i m e oi occupation of the galleries 

' • by the beetles. When abandoned galleries are few the 
i i v i mean time of occupation is 1 1 . 7 weeks. ' 

8. Healing is completed on the average 8.4 weeks after, t&e 
, gallery becomes empty. 

'.• More tentative conclusions include 
fl. The flight of the borer is probably very short. The 

proximity of heavily attacked tea is not a serious source 
i : o f danger now. Every field liable to attack will always 

contain sufficient beetles to initiate the attack when the 
r, wood is suitable. 
. , j lO. The heavy mortality amongst adult beetles, coupled with 

the mortality that occurs in the galleries, raises.doubt 
\ that the presence of a parasite would materially improve 

.. , matters. ' ' , 
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Type of gallery 
-> 

> _ ;_ : 

> 

Period used for calculation 

Total 2.280 .046 190.5 407 May &rd-Nov,;2?tb, }$40; 

Healed t.m .064 1 5 . 7 447 Aug. 15tb-Nov. 29th, 1940. 

Empty+Healed 1.736 .061 ' 5 4 . 5 ' 440 t . , do. | 

Vacant 1.463 .061 29-0 440 :- - dov- »•«' ' td 

Abandoned 0.853 ,050 7 4 4 3 6 do, '." , 

do. 0.485 .085 3 1 .195 Sept. 24th^Nbv. 29thV1940 

The procedure for detefmmfng the best compound interest 
curve was to fit the best straight line to the logarithms 

* * of the~oj>servations.w. For .total galleries afiat line is 
represented by log. y = 1.724 + .046x. x being the time 
in weeks counting from May 1st. • Converting as above, 
A , the capital is 53 and r is found to be .107 or 10.7 
per cent. 

•' B . Only six observations have'~been used for the calculation 
of the curve to represent healed galleries as it is only 
from about July 24th that the logarithms of the obsefr 
vations approximate a straight line. This line is repre­
sented by the equation log. y = 1 . 1 9 6 + .084* which gives 
A a value of 1 5 . 7 galleries on July 24th, and r a value 

- of .147 or 14 .7 per cent. to s t 

G. The healed plus empty gallery curve is calculated for the 
same period as for healed, galleries. Log. y—1.736 + 
.061*. This gives the increase rate of .140 or 1 4 per 
.gtyt, an#jthe immber of galleries m J$y;24*Ms f & f t r V 

The graphs for the above three lines are, given Fig. 2 
v wnich also shows the data from which* they were 'calcu­

lated. In Table III these and other equations are brought 
to a common zero time', viz: July 24th. 

D. The time when the two lines meet is when 2.280. + .046*= 
1 . 7 3 6 + . M i x ; i.e*. when # ^ 3 6 . 3 weeks after July 24th. 

E. The actual value has* of course, been calculated from the 
appropriate equation. 

/ . , in?. \; 
The Values of a" and b of the ^equation log, y = a + bs wilh 

July 24th as" zero-time. 
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THE POSSIBILITY' OF EXTENDING CINCHONA 

CULTIVATION IN THE BRITISH EMPIRE* 
SIR GEOFFREY EVANS 

INTRODUCTION 

The Cinchona plant is t h e base, f o r the manufacture of quinine, 
which i s still the most important S p e c i f i c f o r malaria, in spite of 

sihe advent of synthetic tkugs, s u c h a s plasmoquenefiand atitbrine. 
The former d r u g is not now in favour, as it is said to give rise 

*Mremain toxic elects, ^tabrine i s of German ori^ailoLis. .urotec-„ 
dp& hy 'paienfc-v l i s . , cost is h i g h , a n d i t is seated*1' thai, the coat 

* « t r e a t i n g o n e malaria c a s e w i t h it would*be 4.9s. as against is. 
Zfor a sirruTar treatment wjth quinine. In v i e w of the fact that vast ; 

areas of t h e territories owing allegiance t o t h e British Crown are ' 
: sub|ect to this scourge, if is remarkable that-about 90 per oentjof;.; 

the quinine products consumed in the world to-day is produced in 
tbe Netherlands East Indies, and that only about 4 per cent Is matfe ^ 
in British countries. It has been- estimated;that there are satne / 

* Reprinted from The tfmjtfrs Journal of Experimental AgricutfifaTl'Gfol^ 
IX pp. u i - m 




