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E c o l o g i c a l s t u d i e s o n t h e t e a S h o t - h o l e B o r e r , Xylcborusfmnkalus E i c h . , i n t h e m i d -
c o u n t r y , w e r e a t t e m p t e d t o g a t h e r m o r e i n f o r m a t i o n o n t h e p e s t , a n d w i t h a v i e w t o 
f a c i l i t a t e a n d i m p r o v e c o n t r o l m e a s u r e s - T h e fac tors g o v e r n i n g t h e g r o w t h a n d d e c l i n e 
o f b o r e r p o p u l a t i o n s i n a l e a field a r c d i s c u s s e d . T h e a v a i l a b i l i t y o f s u i t a b l e y o u n g l e a 
s t e m s , for t h e b o r e r s t o m a k e g a l l e r i e s i n , a p p e a r s t o r e g u l a t e t h e p e s t p o p u l a t i o n i n t h e 
f i e l d . I n t h e m i d - c o u n t r y , s u s c e p t i b l e w o o d is m o s t a b u n d a n t i n a b o u t t h e first h a l f o f 
t h e s e c o n d y e a r f r o m p r u n i n g . B e c a u s e e f f i c ient c o n t r o l o f S h o t - h o l e B o r e r d a m a g e w i l l 
d e p e n d o n t h e succes s fu l p r o t e c t i o n o f n e w w o o d , i t i s p o s s i b l e t h a t s a t i s f a c t o r y c o n t r o l 
m a y b e o b t a i n e d b y t h e a p p l i c a t i o n o f a n i n s e c t i c i d e w h i c h n e e d n o t b e as p e r s i s t e n t a s 
d i e l d r i n , i n a b o u t t h e 1 0 t h t o t h e 1 4 t h m o n t h a f ter p r u n i n g . 

C h a n g e s i n w e a t h e r a p p e a r e d t o h a v e l i t t l e i n f l u e n c e o n t h e b o r e r p o p u l a t i o n s 
w i t h i n t h e t e a . H o w e v e r , w e a t h e r i n f l u e n c e d t h e p e r i o d s o f m i g r a t i o n o f t h e b e e t l e 
p o p u l a t i o n s , w h i c h m a i n l y o c c u r r e d i n M a r c h - A p r i l - M a y a n d a g a i n i n O c t o b e r -
N o v e m b e r . B o r e r s c a n fly f a r a n d t h e y c a n a l s o b e t r a n s p o r t e d b y a i r c u r r e n t s t o g r e a t 
d i s t a n c e s , s o t h a t b e e t l e s m i g r a t i n g f r o m o n e f i e ld w i l l n o t o n l y in fe s t t h e n e i g h b o u r i n g 
fields b u t a l s o far o f f t e a f i e lds . I t i s s u g g e s t e d t h a t t h e m a i n s o u r c e o f i n f e s t a t i o n o f t e a 
fields i s b y t h e d e p o s i t i o n o r r e - s e t t l e m e n t o f t h e s e a i r - b o r n e b o r e r p o p u l a t i o n s . I n 
d e c i d i n g t h e m o s t s u i t a b l e t i m e s f o r c o n t r o l m e a s u r e s , i t i s , t h e r e f o r e i m p o r t a n t t o c o n ­
s i d e r , n o t o n l y t h e a g e f r o m p r u n i n g , b u t a l s o t h e s e a s o n a l p e a k s o f a e r i a l m i g r a t i o n s o as 
t o a c h i e v e t h e m a x i m u m p r o t e c t i o n o f t h e n e w w o o d a g a i n s t a t t a c k . I t is l i k e l y t h a t t h e 
m o s t s u i t a b l e m o n t h s f o r s p r a y i n g i n t h e m i d - c o u n t r y w i l l b e M a r c h - A p r i l o r S e p t e m b e r -
O c t o b e r ; p r e f e r a b l y e a r l y M a r c h o r l a t e S e p t e m b e r o f d i e n e x t y e a r f o l l o w i n g p r u n i n g 
w h e r e v e r t h e t e a h a s r e a c h e d t h e 1 0 t h t o t h e 1 4 t h m o n t h af ter p r u n i n g . T h i s h a s y e t t o 
b e t e s t e d b y field e x p e r i m e n t a t i o n . O t h e r d e t a i l s c o n c e r n i n g t h e e c o l o g y o f b o r e r p o p u ­
l a t i o n s a n d i ts r e l a t i o n t o t h e c o n t r o l o f t h e p e s t a r e d i s c u s s e d . 

Introduction 

A c lea r k n o w l e d g e of t h e ecology of a n y pes t is essential for t h e successful 
d e v e l o p m e n t of efficient c o n t r o l m e a s u r e s . E a r l i e r s tud ies ( G a d d 1949 ; C r a n h a m 
1963) o n t h e p o p u l a t i o n s of t h e t e a S h o t - h o l e Bore r , Xyleborus fornicatus E i c h h . , w e r e 
conf ined to t h e s t u d y of t h e pes t w i t h i n t h e t e a p l a n t . O u r k n o w l e d g e of s o m e 
sa l i en t po in t s s u c h as t h e m o d e of re infes ta t ion of t e a fields, t h e effect of t h e d i spersa l 
of t h e p o p u l a t i o n i n t h e t e a b u s h , a n d t h e effect of w e a t h e r factors o n p o p u l a t i o n 
f luc tua t ions , still r e m a i n s i n c o m p l e t e . A n ecological a p p r o a c h to t h e s t u d y of t h e 
b o r e r p o p u l a t i o n s i n a t e a field b o t h i n t h e t ea bushes as wel l as i n t h e a i r a b o v e i t 
was , the re fo re , a d o p t e d . T h i s p a p e r p resen t s a d d i t i o n a l i n f o r m a t i o n a b o u t t h e 
a b o v e po in t s a n d discusses t he i r s ignif icance i n t h e con t ro l of t h e pes t . 

Materials and methods 

T h e S h o t - h o l e B o r e r b r e e d s i n t e a b u s h e s w h i c h a r e usua l ly p r u n e d o n c e eve ry 
t h r e e yea r s i n t h e m i d - c o u n t r y . A l t h o u g h t h e t e a p l a n t is a p e r e n n i a l , t h e r e is 

• r enewed g r o w t h of w o o d af ter e a c h p r u n i n g . T h e p r e s e n t inves t iga t ion covers o n e 
p r u n i n g . c y c l e f rom M a y 1962 to J u l y 1965 of a m i d - c o u n t r y , 70 year -o ld t ea field 
a t H a n t a n e E s t a t e , K a n d y , s i t ua t ed a t a n e l eva t i on of a b o u t 2 ,500 ft. T h e expe r i ­
m e n t a l a r e a c o v e r e d 11 ac res a n d w a s d i v i d e d i n t o t w o sect ions. T h e t e a i n b o t h 
sect ions w a s ' cu t -ac ross ' 18 inches a b o v e t h e g r o u n d in A p r i l 1962. O n e sec t ion 
c o v e r i n g 5 . 8 ac res w a s s p r a y e d w i t h d i e l d r i n a t t h e r a t e of 6 p i n t s ( l £ l b ac t i ve in ­
g r e d i e n t ) i n 80 ga l lons of w a t e r p e r a c r e o n t h e 9 t h F e b r u a r y 1963, ie t e n m o n t h s 
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after pruning. The other section covering 4.5 acres was left unspraycd. Only 
the lower frames received the spray, and the flush from the sprayed section was dis­
carded for six weeks. This 'mid-cycle' spraying was done in order to compare the 
growth of the borer populations in the sprayed field with that of the unsprayed field. 

Sampling 

The borer populations in the tea were sampled by the 'standard unit' method 
(Judenko 1958) in which lengths of tea stems 4 inches long and 0.35 inch in diameter 
were used. Three samples each of 100 such units, were collected freely without 
conscious bias from the sprayed and untreated sections. The number of all stages of 
borers (eggs, larvae, pupae and adults both male and female), and the number of 
galleries (open and occupied by the beetle; open but vacated; and healed) per sample 
were recorded. In order to reduce errors in sampling, means per sample (100 
'standard units') of tea stems were calculated from this data. The sampling was 
done fortnightly until the 18th month, after which it was done monthly. In addition, 
five groups of 15 entire branches each, were collected from the tea fields each month 
from the 23rd month onwards. The branches were split down the middle into two 
halves and the number of galleries recorded. Monthly 'line sampling' in the tea 
was done to investigate the progressive infestation of the sprayed section from the 
borders of the untreated section. Twenty five 'standard units' from each contiguous 
group of 5 x 5 tea bushes were collected in transections (or lines of sampling) from 
the borders of the sprayed and untreated sections towards their centres. 

The aerial populations of both the sprayed and untreated sections were assessed 
by trapping with 9-inch Vent-Axia suction traps placed at the level of the plucking 
table in the centre of each section of the field. In addition, a vertical series of four 
other 18-inch propeller type suction traps at 6, 9, 23 and 45 ft was erected in the 
centre of the untreated section in order to study the flight and migration of the borers. 
All the suction traps were changed daily at 08.00 hours to 09.00 hours, for the entire 
duration of the pruning cycle. Further, from the 7th April to the 15th June 1964 
they were changed hourly from 08.00 to 16.00 hours which is the period of maximum 
flight of the borers. The catches were preserved in 70% ethanol from which A*. 
fornicatus was identified and recorded. 

Anemometer readings were recorded at 45 ft at the trapping site. Rainfall, 
temperature and the duration of sunshine were recorded daily. The mean yields 
of tea per acre for the entire field (46 acres) were obtained from the records of the 
estate and are used here only as an index of the growth periods of the tea. 

Treatment of samples 

As all galleries made by the beetles become a permanent feature in tea stems, 
the number of galleries recorded using the 'standard unit' method represents a cumu­
lative total of all the galleries formed per unit length of stem. In order to indicate 
trends in gallery formation succinctly, probability distributions have been fitted to 
the observed time sequence of samples, and, thereafter, curves drawn through the 
points are transformed (see Harding 1949). The rate at which new galleries arc 
formed is estimated from this fitted curve, by calculating the difference between two 
successive months. 
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Results 

Factors regulating borer populations in the tea field 

Synchronous growth of crop and pest populations 

A s w i t h m o s t pes t p o p u l a t i o n s a n d t h e i r hos t p l a n t s , t h e r e is a close r e l a t i onsh ip 
b e t w e e n t h e g r o w t h of t h e t e a af ter p r u n i n g a n d t h e d e v e l o p m e n t of t h e b o r e r p o p u l a ­
t i on . T h e s y n c h r o n o u s g r o w t h of t h e t e a a n d t h e b o r e r p o p u l a t i o n is ref lected i n a 
d e c l i n e of t h e p o p u l a t i o n i m m e d i a t e l y af ter p r u n i n g , a s t e a d y i n c r e a s e un t i l a b o u t 
t h e m i d d l e of t h e second y e a r a n d a g r a d u a l fall i n t h e t h i r d a n d final yea r . T h i s , 
h o w e v e r , is on ly t h e g e n e r a l t r e n d i n t h e p o p u l a t i o n . O t h e r factors , s u c h as t h e 
q u a l i t y a n d q u a n t i t y of su i t ab l e w o o d , a n d t h e w e a t h e r , a lso h a v e a n inf luence o n t h e 
p o p u l a t i o n s . F i g u r e 1 shows a c o m p a r i s o n of t h e fluctuations i n n u m b e r s of bo re r s 
i n t h e a i r a b o v e t h e s p r a y e d a n d t h e u n s p r a y e d sect ions. F i g u r e 2 shows t h e i n ­
fluence of w e a t h e r factors o n t h e p o p u l a t i o n s . T h e t ea yield is s h o w n h e r e i n o r d e r t o 
i n d i c a t e t h e s y n c h r o n o u s g r o w t h of t h e t ea a n d t h e p o p u l a t i o n of t h e pes t . 

Relation of borer numbers to the numbers of new galleries 

T h e r e is a h i g h c o r r e l a t i o n (r = + 0 . 8 9 5 ) b e t w e e n t h e r a t e of f o r m a t i o n of n e w 
gal le r ies i n t ea s t ems a n d t h e g r o w t h of b o r e r p o p u l a t i o n s i n t h e t ea . • T h e r a t e a t 
w h i c h n e w gal le r ies a r e fo rmed i n c r e a s e d r a p i d l y i n t h e first ha l f of t h e second y e a r 
of t h e p r u n i n g cycle , r e a c h e d a m a x i m u m a r o u n d 18 m o n t h s a n d t h e n g r a d u a l l y 
d e c r e a s e d u n t i l t h e e n d of t h e cyc le . T h i s t r e n d is also seen i n t h e g r o w t h a n d 
d e c l i n e of b o r e r p o p u l a t i o n s of al l s tages , a n d of y o u n g a n d adu l t s cons ide red s e p a r a ­
te ly ( F i g u r e 3 ) . F o r a n y o n e p e r i o d w i t h i n t h e p r u n i n g cyc le t h e p r o p o r t i o n of n e w 
gal le r ies f o r m e d i n t h e t e a s t ems w e r e r e l a t e d t o t h e p r o p o r t i o n of b o r e r n u m b e r s ; 
for i n s t a n c e b e t w e e n t h e 14 th t o 2 0 t h m o n t h af ter p r u n i n g a b o u t 4 2 % of al l n e w 
ga l le r ies for t h e 3 y e a r cyc le w e r e f o r m e d b y a p p r o x i m a t e l y 4 0 % of al l a d u l t b o r e r s . 
F o r t h e w h o l e of t h e second y e a r 6 7 % of t h e to t a l n u m b e r of n e w gal ler ies w e r e 
f o r m e d b y 6 3 % of a l l a d u l t b o r e r s . 

Migration of the borers 

T h e r e w a s a co r r e l a t i on (r = + 0 . 7 9 7 ) b e t w e e n t h e m e a n n u m b e r s of a d u l t 
f e m a l e b o r e r s i n t h e c r o p p e r h u n d r e d ' s t a n d a r d u n i t s ' of t e a s t ems a n d t h e to ta l 
n u m b e r s of a d u l t females c a u g h t i n flight a b o v e t h e t ea i n t h e suc t ion t r aps . A 
s i m p l e regress ion c a l c u l a t e d w i t h t h e s a m e d a t a , w a s h igh ly significant ( P < 0 . 0 0 1 
b = + 1 .1402 ± 0 . 1 6 6 1 * * * ) . F r o m this i t c a n b e a s s u m e d t h a t t h e aer ia l p o p u l a ­
t i o n is p a r t i a l l y d e p e n d e n t o n t h e t e r res t r i a l p o p u l a t i o n i n t h e t e a b e l o w i t ; w h i c h 
m e a n s t h a t m o s t of t h e b e e d e s c a u g h t i n flight a b o v e t h e t ea c a m e f rom t h e gal ler ies 
i n t h e t e a s tems , r a t h e r t h a n f rom e l sewhere . F i g u re s 1 & 3 i n d i c a t e t h a t m i g r a t i o n s 
o c c u r m a i n l y a t p a r t i c u l a r pe r iods , ie j u s t after t h e m i d d l e of t h e 2 n d yea r , a t t h e e n d 
of t h e 2 n d y e a r , j u s t before t h e m i d d l e of t h e 3 rd y e a r a n d a t t h e e n d of t h e 3 r d y e a r . 

The influence of weather factors 

S i m p l e regress ions of t h e m e a n m o n t h l y a d u l t b o r e r p o p u l a t i o n s i n t h e t ea ( m e a n 
p e r 100 ' s t a n d a r d u n i t s ' ) , o n m e a n m a x i m u m t e m p e r a t u r e a n d to t a l ra infa l l for t h e 
m o n t h w e r e n o t s ignif icant . A regress ion w i t h t h e s a m e d a t a of t h e p o p u l a t i o n s i n 
t h e t e a o n m o n t h l y m e a n h o u r s of sunsh ine w a s signif icant a t t h e 5 % level 
( b = - 0 . 1 3 3 ± 0 . 0 6 0 ) . S i m p l e regress ions of t o t a l m o n t h l y n u m b e r s of b o r e r s i n 
flight ove r t h e t e a , o n m e a n m a x i m u m t e m p e r a t u r e a n d m e a n h o u r s of s u n s h i n e 
w e r e n o t signif icant . T h e regress ion of ae r i a l p o p u l a t i o n on ra infa l l w a s j u s t s igni ­
f i can t a t t h e 5 % level ( b = + 0 . 0 5 4 ± 0 . 0 2 7 ) , b u t t h e r e w a s n o r e l a t i o n b e t w e e n 
t h e n u m b e r of w e t d a y s a n d t h e ca t ches i n t h e suc t ion t r a p s , over a p e r i o d of 2\ yea r s . 
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P O P U L A T I O N IN C R O P (8 & 6) 
(LOG MEAN NO OF ADULTS / 1 0 0 STD UNITS) 

5"' *—? 
o 

o 

FLYING P O P U L A T I O N AT C R O P L E V E L (S> 
(LOG (N + t) IS DAY RUNNING MEAN) 

9__, 

W I C U R E 1 - 4 comparison of borer Mmlatom in the tea, inflight over il and their fluctuations in an umfirayed 
l ' I G U K L 1 ^ « ™ l t .n JfJldsl>Tayedwilh diMrin in the xolh monthfromprune-A : S potnt moving 

average is used 
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MONTHS FROM LAST PRUNE 

F I G U R E 2—The relationship of galleries in lea stems and their borer populations—Ay. all galleries (observed); 
An, new galleries (calculated); By & Ji«, all stages of borer '('ggs, larvae fiupae and adults); 
C\ & Co; young stages and adults—The data arc mcansjiou slanduid units of tea stems 
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F I G U R E 3—Fluctuations in yield, borer infestations (populations in crop and that above it) and 
weather factors in a tea field in the Mid-country — The yield is only meant to 
indicate growth periods in the tea — (The shaded portions in the histograms of 
rainfall indicate the number of wet days) 
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It is, tliercfore, concluded that in this experiment the fluctuations ot any one of5 the 
weather factors did not directly regulate the growth of borer population to any 
marked extent. However, there appears to be a relationship between the growth 
periods of the tea, as indicated by yield, and the times of aerial migration (Figure 2). 
The yield of tea is rather dependent on weather, which might, therefore, have an 
indirect effect on population fluctuations. 

The percentage distribution of numbers of borers in flight at different tempera­
tures is shown in Figure 4. The diurnal rhythm of flight is regulated by the true 
flight threshold temperature of 26°C ( = 78.8°F), when light intensity did not limit 
the times at which flight started and ceased for the day. In addition regression of 
the mean maximum temperature on the mean flight occurrence for the months from 
May 1963 to April 1965, was significant at the 1% level (b = 0.724 ± 0.226). 
Further, there are regular depressions of aerial numbers of borers in flight, in the 
months of January and February (Figures 1 & 5). These are relatively dry months 
at Hantane, with low temperature, averaging 18.7°C (65.7°F). These results and 
the day to day observations of the catches in the suction traps and the weather of the 
clay indicate that the depression in aerial numbers in these months of January and 
February of each year are mainly due to the low temperatures. 

Patients of attack within the pruning cycle 

The primary damage the borers cause to the tea results from the galleries that 
they construct in the tea stems. Figure 3 illustrates the rate at which these galleries 
arc made. Relatively little of the attack is made in the first year, then the rate of 
attack rises sharply to a peak about the middle of the 2nd year, after which there is 
a gradual decline of the attack in the third year to very low levels. 

Figure 5 shows trends in gallery formation for both, the sprayed and unsprayed 
sections, measured by the 'standard unit' method, throughout one pruning cycle. 
As the tea ages, more galleries are made on more tea stems, and the average number 
of galleries per 'standard unit' continues to increase, both in the sprayed and untreated 
areas. Further, at the end of the 3rd year about 10% of the units collected were 
free from attack. The number of galleries per unit increased as the tea aged, so 
that the percentage of units with two, three and even four to six galleries showed a 
regular increase as shown in Figure 6. 

The proportion of galleries occupied, vacated, and healed, throughout the entire 
pruning cycle, for the untreated tea, are shown in figure 7, where the trends in 
occupied galleries also indicate the growth and decline of the borer populations 
within the tea bush. 

The effect of the dieldrin spray on the borer populations 

A comparative study of the build up of borer populations in the sprayed and 
unsprayed sections indicates the possible ways in which the 'mid-cycle' spray of 
dieldrin affected the growth of the borer population in the tea (Figures 1 & 5). 

Table 1 shows the infestation based on the number of new galleries formed on 
sprayed and untreated tea for each year of the pruning cycle. 
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F I G U R E 4—The percentage distribution of numbers of borers inflight at different temperatures—The true tem­
perature threshold for flight of Tea Shot-hole Borer is 26'C(78.8"F)—(Standard deviation = £ 
(Si-S1 = i.5°C) 
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O C T APR O C T APR OCT APR 

MONTHS FROM LAST PRUNE 

F I G U R E 5—Comparative trends in gallery formation in unsprayed tea field with that sprayed with dieldrin in 
the 10th month from prune—Trends in the build up of all galleries (A) and the number of units 
attacked (B) for both the sprayed and unsprayed tea are illustrated—The average number of galleries/ 
attacked unit (C) is calculated from the mean monthly values plotted in graphs A & B 
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FIGURE H—The density of galleries in the standard units of tea stems—The average rale at which units are 
attacked and the mean number of galleries formed (either I, 2, 3 or 4-6 galleries) in each unit are 
illustrated in the time sequence, so as to indicate trends 
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MONTHS FROM LAST PRUNE 

F I G U R E 7—The fate of galleries in lea stems—The proportions of galleries occupied, vacant and healed 
throughout the priming cycle are shown 
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TABLE 1—Shot-hole Borer infestation on fields sprayed with dieldrin and on 
untreated fields 

PERIOD IN PRUNING CYCLE 

T r e a t m e n t 1st y e a r 2 n d y e a r 3 r d y e a r T o t a l 

M e a n N o & % of u n t r e a t e d 13 ( 8 % ) 110 ( 6 7 % ) 42 ( 2 5 % ) 165 ( 1 0 0 % ) 

new ga l le r ies / 

100 S t d u n i t s s p r a y e d 6 ( 1 0 % ) 2 0 ( 3 3 % ) 3 5 ( 5 7 % ) 6 1 ( 1 0 0 % ) 

E s t i m a t e d % of 

a t t a c k i n s p r a y e d u n t r e a t e d 100 100 100 100 
a r e a , t a k i n g u n ­
s p r a y e d as 1 0 0 % s p r a y e d 4 6 18 8 3 37 

C o n t r o l o b t a i n e d — g o o d b a d m o d e r a t e 

F r o m T a b l e 1 i t is seen t h a t t h e d i e l d r i n s p r a y b r o u g h t a b o u t g o o d con t ro l i n 
t e r m s of t h e n u m b e r of new ga l le r ies f o r m e d in t h e second y e a r af ter p r u n i n g , b u t 
t h e c o n t r o l i n t h e t h i r d y e a r w a s p o o r . T h e con t ro l of t h e a t t a c k o n t h e w h o l e , i n 
t h e first, s econd a n d t h i r d y e a r , c a n b e r e g a r d e d as only m o d e r a t e . H o w e v e r , 
s i nce t h e d a m a g e f rom t h e ga l le r ies h a s a las t ing a n d a c c u m u l a t i v e effect, i t is m o s t 
l ikely t h a t t h e benefi ts i n t h e f o r m of i nc r ea sed yie lds b r o u g h t a b o u t b y t h e con t ro l 
of a t t a c k d u r i n g t h e s econd y e a r c o u l d r e su l t i n a f u r t h e r i nc rea se i n t h e t h i r d y e a r . 

Discussion 

T h e d e t e r m i n a t i o n of t h e factors t h a t affect t h e n u m b e r s of insects a n d t h e c l a r i ­
fication of i m p o r t a n t r e g u l a t o r y m e c h a n i s m s a r e useful b o t h i n t h e p r e d i c t i o n of 
p e s t infes ta t ions a n d t h e m a n i p u l a t i o n of con t ro l m e t h o d s . T h e abi l i ty t o p r e d i c t 
m a y l e a d t o m o r e sensible pes t i c ide use , a n d a k n o w l e d g e of t h e r e g u l a t o r y m e c h a n i ­
sms m a y e n a b l e us t o m a n i p u l a t e t h e con t ro l of t h e pes t m o r e effectively. T h i s 
s t u d y e v a l u a t e s s o m e fac tors t h a t r e g u l a t e b o r e r n u m b e r s i n t e a fields, p rov ides 
i n f o r m a t i o n o n t h e p e r i o d s of t h e pes t o u t - b r e a k s , a n d sugges ts t h a t j u d i c i o u s 
t i m i n g o f s p r a y a p p l i c a t i o n s m a y h e l p a c h i e v e b e t t e r c o n t r o l of t h e pes t . 

I t m u s t b e n o t e d t h a t th i s s t u d y w a s l imi t ed t o on ly o n e loca t ion , for a s h o r t 
p e r i o d of a b o u t t h r e e y e a r s . T h e s e resul ts m a y b e va l id for t e a i n t h e K a n d y a n m i d -
c o u n t r y . S i m i l a r s tudies i n o t h e r m a j o r c l ima t i c zones n e e d t o b e in i t i a t ed . 

G a d d ( 1 9 4 1 ; 1944) a n d C r a n h a m (1963) h a v e sugges ted t h a t t h e a m o u n t of 
s u i t a b l e w o o d a v a i l a b l e affects t h e g r o w t h of b o r e r p o p u l a t i o n s . T h e p r e s e n t inves t i ­
g a t i o n h a s p r o v i d e d c i r c u m s t a n t i a l e v i d e n c e i n s u p p o r t of this . I t is possible t h a t 
t h e m o i s t u r e c o n t e n t i n t h e w o o d , a c t i n g as a l imi t ing factor o n t h e g r o w t h of t h e 
A m b r o s i a fungus , m a y affect n o t only t h e d e v e l o p m e n t a n d surv iva l of t h e bo re r s , 
b u t i t m a y also p l a y a n i m p o r t a n t p a r t i n t h e in i t i a l i nvas ion a n d successful infesta­
t i o n of t h e t e a s tems . A l t h o u g h t h e a m o u n t of su i t ab l e w o o d decreases i n t h e t h i r d 
y e a r t h e w o o d does n o t s e e m t o b e s a t u r a t e d w i t h gal ler ies . A sel f - regulatory 
m e c h a n i s m Of t h e b o r e r p o p u l a t i o n d u e t o s a t u r a t i o n of t h e w o o d w i t h gal ler ies does. 
Rot , t he re fo re , s e e m to exjst. 
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I t h a s b e e n obse rved i n b r e e d i n g e x p e r i m e n t s t h a t a d u l t females b o r e m o r e 
r ead i ly i n t o y o u n g s a p p y t e a s t ems t h a n i n t o o lde r m a t u r e w o o d . G a d d (1941) 
f o u n d t h a t m a n y bee t les i n 3 -year -o ld t e a a b a n d o n e d t h e i r ga l le r ies before t h e y 
w e r e c o m p l e t e d possibly b e c a u s e t h e w o o d is t o o m a t u r e for b r e e d i n g . T h e s e 
obse rva t i ons a l o n g w i t h t h e co r r e l a t i on b e t w e e n t h e g r o w t h of b o r e r p o p u l a t i o n s 
a n d t h e p r o p o r t i o n s of n e w gal le r ies fo rmed , i n d i c a t e a poss ib le r e l a t i o n s h i p 
b e t w e e n t h e fluctuations of t h e b o r e r p o p u l a t i o n s i n t h e t ea a n d t h e c h a n g e s i n t h e 
a m o u n t of s u i t a b l e y o u n g s a p p y w o o d a v a i l a b l e . O b s e r v a t i o n s in t h e field a n d the 
e x a m i n a t i o n of t h e s a m p l e s i n d i c a t e t h a t t h e m a x i m u m a m o u n t of y o u n g s a p p y t ea 
s t e m s w e r e a v a i l a b l e f rom a b o u t t h e 14th t o t h e 2 0 t h m o n t h . W i t h t h e progress ive 
m a t u r a t i o n of t h e w o o d , t h e s t ems b e c o m e h a r d e r , d r i e r a n d m o r e fibrous a n d a r e 
less l ikely t o b e a t t r a c t i v e t o t h e bee t les . 

G a d d (1944) a lso s h o w e d a co r r e l a t i on b e t w e e n t h e g r o w t h of t e a in t e r m s of 
y ie ld , a n d t h e in tens i ty of b o r e r a t t a c k as i n d i c a t e d b y t h e n u m b e r of b r e a k a g e s of 
t h e s tems . H e p r e s u m e d t h a t t h e i nc rea se i n t h e d a m a g e resu l t ed f rom t h e i nc rea se 
i n t h e n u m b e r of gal ler ies fo rmed . T h e p r e s e n t w o r k i n d i c a t e s t h a t t h e r e m a y b e a 
r e l a t i o n s h i p b e t w e e n t h e ava i lab i l i ty of y o u n g s a p p y w o o d su i t ab l e for t h e fo rma t ion 
of n e w gal le r ies a n d t h e g r o w t h of b o r e r p o p u l a t i o n s . 

G a d d (1941) f o u n d i t difficult t o co r r e l a t e t h e n u m b e r s of beet les e m e r g i n g from 
t h e ga l le r ies w i t h t h e p o p u l a t i o n r e m a i n i n g i n t h e t ea . H e sugges ted t h a t t h e r e 
m i g h t b e a h e a v y m o r t a l i t y r a t e of t h e a d u l t b e e d e s e m e r g i n g f rom gal ler ies . I t is 
n o w k n o w n t h a t m o s t of t h e b o r e r s e m e r g i n g f rom t h e ga l le r ies d o n o t flit o r h o v e r 
o v e r t h e t e a b u t fly u p w a r d s i n a slow fluttering m a n n e r , r e su l t ing in mass m i g r a t i o n 
a w a y f rom t h e b r e e d i n g si te ( C a l n a i d o 1965b) . 

I t is l ikely t h a t p e r i o d i c flights a r e m a i n l y d e t e r m i n e d b y t h e n u m b e r s of pos t -
t ene ra l s (newly m a t u r e d adu l t s ) i n t h e t e a a n d t h e c h a n g e s i n t h e w e a t h e r factors 
(see b e l o w ) . I t is sugges ted , the re fore , t h a t o n e of t h e factors r e g u l a t i n g t h e b o r e r 
p o p u l a t i o n i n a t e a field is t h e p e r i o d i c m i g r a t i o n of bee t les f rom t h e infes ted tea . 
I t w o u l d follow t h a t i n a n y o n e t e a field t h e fluctuations of t h e b o r e r p o p u l a t i o n in 
t h e t e a wi l l a l so d e p e n d t o s o m e e x t e n t o n t h e n u m b e r s i m m i g r a t i n g i n t o t h e field a n d 
e m i g r a t i n g f rom i t , b u t t h e facili ty w i t h w h i c h beet les e n t e r i n g a t e a field a r e a b l e t o 
successfully r eco lon ize a n d b r e e d wil l d e p e n d o n t h e a m o u n t of su i t ab l e y o u n g 
s a p p y w o o d a v a i l a b l e . 

D u r i n g p e a k p e r i o d s of m i g r a t i o n t h e r e is h i g h t e m p e r a t u r e , m u c h s u n s h i n e a n d 
h i g h h u m i d i t y . I t is n o t k n o w n to w h a t ex t en t , if a n y , t h e pe r iod i c i t y of ae r i a l 
m i g r a t i o n is r e l a t e d d i rec t ly o r ind i rec t ly t o t h e g r o w t h of t h e t ea . I t m a y , h o w e v e r 
b e poss ible t h a t t h e s e g r o w t h p e r i o d s a r e a lso i n d i c a t i v e of t imes of a b u n d a n t s a p 
flow w i t h i n t h e t e a s t ems , w h i c h m a y in t u r n e n c o u r a g e t h e g r o w t h of t h e A m b r o s i a 
fungus ( t h e b o r e r s ' food supp ly ) w i t h i n t h e ga l le r ies i n t h e s t ems , a n d t h u s b r i n g a b o u t 
a n i nc rea se i n t h e successful b r e e d i n g , e m e r g e n c e a n d m i g r a t i o n of t h e b o r e r s . 

A n i m p o r t a n t o b s e r v a t i o n w i t h r e g a r d t o t h e p a t t e r n of a t t a c k w a s t h a t as t h e 
t e a a g e d f rom p r u n i n g t h e r e w a s a p rogress ive t h i c k e n i n g a n d m a t u r i n g of t h e t e a 
s t ems u p w a r d s , w i t h t h e r e su l t t h a t t h e h e i g h t a b o v e t h e g r o u n d of m a x i m u m in ­
fes ta t ion i n t h e t e a b u s h rose . I n t h e t h i r d y e a r , i t w a s m a i n l y t h e u p p e r p a r t s of t h e 
t e a s t ems , w h i c h h a d n o w t h i c k e n e d t o a b o u t t h e ' s t a n d a r d u n i t ' size, t h a t c a r r i e d 
t h e m a x i m u m a t t a c k . S a m p l e s of spl i t b r a n c h e s co l lec ted a t t h e e n d of t h e 3 rd y e a r 
f r o m t h e u n t r e a t e d a n d s p r a y e d fields, s h o w e d t h e h i s to ry of t h e a t t a c k i n these t w o 
fields. M o s t of t h e b r a n c h e s f rom t h e u n t r e a t e d field w e r e heav i ly r i d d l e d w i t h 
ga l le r ies i n t he i r e n t i r e l e n g t h ; w h e r e a s t h e m a j o r i t y of t h e b r a n c h e s f rom t h e s p r a y e d 
field h a d fewer ga l le r ies i n t h e m , a n d m o s t of these , w e r e f o u n d i n t h e u p p e r p a r t s of 
t h e s t ems . S a m p l e s t a k e n a t t h e e n d of t h e t h i r d y e a r , a lso s h o w e d t h a t t h e b r a n c h e s 
f r o m t h e heav i ly infested u n t r e a t e d field w e r e g e n e r a l l y d i l a p i d a t e d w h i l e those f rom 

4 1 



t h e s p r a y e d field w e r e h e a l t h i e r i n a p p e a r a n c e . I t c a n , therefore , b e a s s u m e d t h a t 
w h e n t h e second y e a r a t t a c k is con t ro l l ed b y sp r ay ing , t h e smal l t h i r d y e a r a t t a c k 
w o u l d b e re la t ive ly less h a r m f u l , p a r t i c u l a r l y b e c a u s e t h e n e x t p r u n e w o u l d r e m o v e 
t h e t h i r d y e a r d a m a g e i n t h e b r a n c h e s , as w a s found to b e t h e case in t h e s p r a y e d 
field. 

I t is t h e a u t h o r s ' c o n t e n t i o n t h a t t h e ' m i d - c y c l e ' a p p l i c a t i o n of d i e l d r i n h a s 
affected t h e g r o w t h of t h e b o r e r p o p u l a t i o n i n t h e s p r a y e d field i n t h r e e w a y s . Firs t ly , 
t h e d i e l d r i n s p r a y , b y its in i t i a l insec t ic ida l a c t i o n h a s a l m o s t comple t e ly r e d u c e d 
t h e b o r e r p o p u l a t i o n i n this field a b o u t t h r e e m o n t h s after s p r a y i n g (see F i g u r e 1). 
S e c o n d l y , t h e in i t ia l kill a n d c o n s e q u e n t r e d u c t i o n i n t h e b o r e r p o p u l a t i o n a p p e a r to 
h a v e b r o u g h t a b o u t a r e d u c t i o n of t h e g r o w t h r a t e of t h e p o p u l a t i o n . T h i r d l y , 
t h e insec t i c ide persists l o n g e n o u g h t o m a k e t h e e n v i r o n m e n t u n s u i t a b l e for t h e b o r e r s , 
p a r t i c u l a r l y a t t h e m o s t c ruc i a l p e r i o d in t h e p r u n i n g cycle ( f rom a b o u t t h e 14th 
t o t h e 2 0 t h m o n t h ) a t w h i c h t i m e t h e t e a s t ems a r c m o s t suscep t ib le for a t t a c k a n d 
m o s t s u i t a b l e for t h e v igo rous b r e e d i n g of t h e b o r e r s . 

A t t h e t i m e t h e insec t ic ide w a s a p p l i e d , ie i n t h e 10th m o n t h , t h e p o p u l a t i o n 
level w a s v e r y low, b e i n g o n e t e n t h t h a t of t h e p e a k a t t h e 18th m o n t h . I n t h e m i d d l e 
of t h e t h i r d y e a r t h e p o p u l a t i o n s i n t h e s p r a y e d a n d u n s p r a y e d sections w e r e a b o u t 
t h e s a m e . T h i s is p r o b a b l y a resu l t of t h e pers i s tence of t h e insec t ic ide subs id ing , 
a n d also of t h e m a t u r a t i o n of t h e w o o d w h i c h b e c o m e s u n s u i t a b l e for t h e bo re r . A n 
explos ive i nc rea se i n t h e p o p u l a t i o n is t h e r e b y p r e v e n t e d . I t is, there fore , a s s u m e d 
t h a t t h e p r o t e c t i o n t h e insec t ic ide affords y o u n g suscep t ib le w o o d f rom b e i n g 
a t t a c k e d , is t h e m o s t i m p o r t a n t a c t i o n of t h e insec t ic ide i n l imi t ing t h e o the rwi se 
h e a v y infes ta t ions of b o r e r p o p u l a t i o n s i n t h e t ea . I n these e x p e r i m e n t s t h e ' m i d -
cyc l e ' a p p l i c a t i o n of d i e l d r i n w a s used on ly t o f ac i l i t a t e . a c o m p a r a t i v e s t u d y of t h e 
g r o w t h a n d dec l i ne of b o r e r p o p u l a t i o n s . W e h a v e a t t e m p t e d t o g ive a p rov is iona l 
e x p l a n a t i o n for t h e poss ible w a y s i n w h i c h t h e d i e l d r i n s p r a y cou ld h a v e affected 
t h e s e p o p u l a t i o n s ; never the less , d e t a i l e d inves t iga t ions o n t h e m o d e of a c t i o n of th is 
in sec t i c ide o n b o r e r p o p u l a t i o n s i n t e a a r e des i r ab le . Especia l ly , i n v i ew of t h e 
a d v e r s e e x p e r i e n c e of s o m e es ta tes , r e su l t i ng f rom d i e l d r i n sp r ay ing , i t is i m p o r t a n t t o 
c o n s i d e r pes t con t ro l i n t e a f rom a n ecological s t a n d p o i n t . A s t u d y of t h e f u n d a ­
m e n t a l r e l a t ionsh ips t h a t exist b e t w e e n hos t p l a n t , pe s t p o p u l a t i o n s a n d o t h e r b io t i c 
a n d phys ica l factors o p e r a t i n g i n t h e ecosystems ( O d u m 1964) of t ea es tates is essential 
for t h e successful d e v e l o p m e n t of fu tu re r e sea rch o n pes t con t ro l p r o b l e m s . 

Sources of infestation 

T h e r e a r e t h r e e poss ible sources of r eco lon iza t ion of t e a fields; firstly, b y t h e 
g r o w t h of t h e r e m n a n t p o p u l a t i o n left af ter p r u n i n g o r after t h e a p p l i c a t i o n of a n 
i n sec t i c ide ; secondly , b y t h e infes ta t ion f rom n i e g h b o u r i n g infested fields. T h e 
t h i r d is b y t h e depos i t i on of a d u l t females i n flight f rom g r e a t d i s tances . 

I t is s h o w n t h a t p r u n i n g itself in i t ia l ly r e d u c e s t h e b o r e r p o p u l a t i o n t o low levels 
a n d t h e a p p l i c a t i o n of d i e l d r i n r e d u c e d i t fu r the r . T h e m o n t h l y l i ne s a m p l i n g f rom 
t h e u n s p r a y e d t o t h e s p r a y e d sect ions d i d n o t r evea l a n y e v i d e n c e of progress ive infes­
t a t i o n f rom t h e u n s p r a y e d sec t ion i n t o t h e s p r a y e d sect ion. H o w e v e r , v a r y i n g 
d e g r e e s of p rogress ive infes ta t ion f rom t h e b o r d e r s of fields m a y o c c u r i n c rops , 
p a r t i c u l a r l y t hose i n a suscep t ib le s t age for infes ta t ion. T h e resul ts o b t a i n e d i n 
t he se e x p e r i m e n t s , h o w e v e r , d o n o t i n d i c a t e t h a t such infestat ions f rom t h e edges of 
n e i g h b o u r i n g t e a fields a r e a n i m p o r t a n t sou rce of r e c o l o n i z a t i o n a n d re infes ta t ion . 
O n t h e o t h e r h a n d , al l e v i d e n c e o n t h e flight a n d m i g r a t i o n of t h e beet les ind ica te s 
t h a t t h e a e r i a l depos i t i on of b o r e r s o n t h e i r d ispers ive flight m a y b e a m o r e i m p o r t a n t 
s o u r c e of infes ta t ion of t h e t e a fields. C a l n a i d o (1965a) w o r k e d o u t a possible r a t e 
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of depos i t i on of a p p r o x i m a t e l y o n e bee t l e p e r s q u a r e y a r d p e r d a y . I n a d d i t i o n , obser ­
v a t i o n s of t h e bee t les c a u g h t i n suc t ion t r a p s , p l a c e d i n s p r a y e d a r ea s a n d o n t h e l a b o r a ­
t o r y roof, a w a y f rom a n y i m m e d i a t e sources of beet les , p r o v i d e d e v i d e n c e of consi ­
d e r a b l e a e r i a l depos i t i on . F u r t h e r , t h e r e p e a t e d o c c u r r e n c e of p e a k s of a t t a c k in 
t h e s p r a y e d sec t ion a r o u n d A p r i l a n d O c t o b e r ( F i g u r e 5) c o i n c i d e w i t h t h e p e r i o d s 
of m a x i m u m m i g r a t i o n of t h e beet les (F igures 1 & 3 ) . I t c a n , the re fore , b e a s s u m e d 
t h a t t h e m a i n sou rce of infes ta t ion of t h e t e a fields is b y w a y of ae r i a l n r ' g r a t i o n a n d 
sca t t e r , b u t t h e successful co lon iza t ion a n d b r e e d i n g of t h e aer ia l ly depos i t ed a d u l t 
females w i l l d e p e n d o n t h e ava i l ab i l i ty of su i t ab l e w o o d a n d this in t u r n w o u l d b e 
r e g u l a t e d b y t h e a g e of t h e t e a f rom p r u n i n g . 

The relation of these studies to the control of the pest 

O n e of t h e m o s t i m p o r t a n t p r a c t i c a l aspects of these s tud ies is t h e e v i d e n c e of 
t h e ae r i a l m i g r a t i o n of t h e bee t les a n d its b e a r i n g o n t h e m o d e s of r eco lon iza t ion a n d 
re infes ta t ion of t h e t e a fields. W e h a v e sugges ted t h a t bo re r s e n t e r n e w t e a fields o r 
r e - e n t e r o ld s p r a y e d fields m a i n l y b y flying in . I t is also k n o w n t h a t bo re r s i n a d d i ­
t ion t o t h e i r c o n s i d e r a b l e p o w e r s of flight, a r e d i spersed b y w i n d ( C a l n a i d o 1965b) 
w h i c h cou ld t r a n s p o r t t h e m t o d i s t a n t t e a fields. I t is, the re fore , unl ike ly t h a t s p r a y ­
i n g of l a r g e divis ions of es tates wil l g ive c o m p l e t e con t ro l of t h e S h o t - h o l e B o r e r . 
O n t h e o t h e r h a n d t h e s p r a y i n g of l a r g e r a r ea s w i t h a pers i s ten t insec t ic ide m a y 
a g g r a v a t e t h e u n d e s i r a b l e s ide effects of such sprays . T h u s , as l o n g as w e use a 
pers i s t en t insec t ic ide , i t w o u l d b e a d v i s a b l e t o a d o p t t h e p r o c e d u r e of t h e t r e a t m e n t 
of i n d i v i d u a l t e a fields. T h i s is i n a c c o r d a n c e w i t h c u r r e n t r e c o m m e n d a t i o n s . 

T h e s e s tud ies i n d i c a t e t h a t t h e m o s t i m p o r t a n t fac tor t h a t r egu l a t e s t h e b o r e r 
p o p u l a t i o n s i n a t e a field is l ikely t o b e t h e ava i lab i l i ty of soft su i t ab l e w o o d , w h i c h is 
a b u n d a n t a b o u t t h e first ha l f of t h e second y e a r . I t h a s also b e e n p o i n t e d o u t t h a t i t 
is i n th is p e r i o d of t h e p r u n i n g cyc le t h a t t h e m a x i m u m r a t e of ga l l e ry fo rma t ion 
a n d b u i l d - u p of t h e b o r e r p o p u l a t i o n t a k e p l a c e . F u r t h e r , t h e ga l le r ies a r e t h e 
p r i m a r y d a m a g e t h a t t h e pes t causes a n d i t is t h e second y e a r a t t a c k t h a t is m o s t 
economica l ly signif icant . 

I t w o u l d , the re fo re , a p p e a r t h a t t h e con t ro l of t h e b o r e r w o u l d b e p r i m a r i l y 
a q u e s t i o n of p r o t e c t i n g t h e y o u n g w o o d f rom a t t a ck . C o n t r o l c o u l d , the re fore , 
b e a c h i e v e d m o r e effectively i n t h e m i d - c o u n t r y b y t h e a p p l i c a t i o n of a less pe rs i s t en t 
insec t ic ide a r o u n d t h e 10th t o t h e 14th m o n t h after t h e p r u n e . T h i s is i n a c c o r d a n c e 
w i t h t h e i d e a of ' m i d - c y c l e ' a p p l i c a t i o n of insect ic ides for S h o t - h o l e B o r e r con t ro l 
( C r a n h a m 1966) . F u r t h e r , t h e efficacy of r epe l l an t s a n d p e r h a p s su i t ab l e fungicides 
o n t h e y o u n g s a p p y w o o d , so as t o m a k e t h e m u n s u i t a b l e for b o r e r a t t a c k , is also 
w o r t h y of inves t iga t ion . 

T h e effectiveness of a s p r a y a p p l i c a t i o n a g a i n s t a pes t wil l b e e n h a n c e d if i t is 
a p p l i e d a t t h e c r u c i a l t imes i n t h e life of t h e pes t . T h e k n o w l e d g e of t h e t imes of 
m i g r a t i o n of t h e pes t a n d t h e pe r iods of suscept ib i l i ty of t h e hos t p l a n t w o u l d , t h e r e ­
fore , b e useful i n d e t e r m i n i n g t h e m o s t su i t ab l e t imes of a p p l i c a t i o n of a n insec t ic ide . 
T h e s e s tud ies i n t h e m i d - c o u n t r y h a v e r e v e a l e d t h a t t h e Sho t -ho l e B o r e r h a s t w o p e a k s 
of m i g r a t i o n — a m a j o r p e a k in M a r c h - A p r i l - M a y a n d a n o t h e r i n O c t o b e r - N o v e m b e r . 
I t w o u l d a p p e a r , t he re fo re , t h a t t h e bes t t i m e t o s p r a y w o u l d b e ea r ly M a r c h or 
l a t e S e p t e m b e r . I t is a lso i m p o r t a n t t o s p r a y a b o u t t h e 10 th t o t h e 14 th m o n t h , 
so as t o p r o t e c t t h e y o u n g suscep t ib le w o o d f rom a t t a c k . I t is l ikely t h a t t h e m a x i ­
m u m c o n t r o l cou ld b e a c h i e v e d b y ad jus t i ng t h e d a t e s of s p r a y ap p l i c a t i o n s t o 10 th 
t o 14 th m o n t h a n d t o t h e m o n t h s of M a r c h - A p r i l o r S e p t e m b e r - O c t o b e r , ea r ly 
M a r c h a n d l a t e S e p t e m b e r b e i n g p re fe rab le . T h e s e obse rva t ions , h o w e v e r , h a v e 
y e t t o b e t e s t ed a n d t h e y p o i n t t o t h e n e e d for e x p e r i m e n t a t i o n o n t h e a c c u r a t e 
t i m i n g of s p r a y app l i ca t ions . 
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In order to build up a good healthy basal frame, the protection of young tea. 
especially vigorous-growing vcgetatively propagated tea, is of the utmost importance. 
New tea fields could be reached by the aerially dispersed borers. It would, there­
fore, be advisable to protect tea in new clearings in the mid-country by chemical 
control, in early March and early October, for at least a period of 3 to 5 years or 
until such time as the basal part of the tea bush is mature enough and is no longer 
susceptible to borer attack. 

It has also been suggested that the Shot-hole Borer damage is lasting and cumu­
lative, in that the consequences of gallery formation in tea stems are not only 
dieback and wood-rot but also the eventual dilapidation of the tea bush. It is 
suggested that dilapidated bushes could be improved by the complete removal, by 
the use of a saw, of about one decayed branch per pruning cycle, so that in the course 
of a few pruning cycles all the decayed branches could be eliminated and an healthy 
frame redeveloped. In all such severe prunings, it would be advisable to maintain 
more lungs than usual and care should be taken not to remove too many whole 
branches at any one pruning. 

Further, it would be advisable to look out for tea fields with histories of severe 
incidence of the Shot-hole Borer, where the yield remains low in spite of advanced 
cultural methods. A good test as to whether this is due to past attacks of Shot-hole 
Borer would be to examine the bush frames and also a few samples of entire tea 
branches, split down the middle. If these examinations reveal much damage, it 
would in the long run be economical to uproot and replant such areas with VP tea. 

Summary and conclusions 

Some aspects of Shot-hole Borer populations in tea, in the mid-country, were 
studied for a period of about three years, covering almost an entire pruning cycle. 
A major factor that regulates borer numbers in tea appears to be the quantity of 
young, soft, sappy tea stems as suitable breeding material for the borers. The 
borer populations in the tea were not dependent on current weather. The populations 
in flight above the tea, although associated with weather, were not directly correlated 
with it. Borers are capable of flight over long distances and they are also subjected 
to considerable dispersal by air currents. There are two peaks of migration 
of the beetles for the year, March-April-May and October-November. It is sug­
gested that the main source of infestation of tea fields is by the aerial deposition of 
adult female borers. It is likely that, in the mid-country, effective borer control 
may be obtained by the application of an insecticide in early March or late Septem­
ber, of the next year following the prune, wherever the tea has reached the 10th to 
the 14th month after the prune because this is the time when the wood is most 
suitable for the pest. The insecticide need not, therefore, be as persistent as dieldrin. 
Lines for future research have been outlined. 
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