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STUDIES OF SHOT-HOLE BORER OF TEA 
III—DAMAGE T O T H E T E A BUSH 

a H. GADD 

The primary damage to the tea bush 
caused by shot-hole borers is done during 
the construction of their gal leys in the. 
stems. This 'of itself would be of little 
importance were it not for other conse­
quences which result more or less accident-
aJJy from the presence of the galleries. The 
secondary damage may be classed under 
three headings: (1) Wood-rot, (2) Dieback, 
and (3) Branch breakage. Of these the last 
named is the most important as it leads to 
the greatest loss of crop. 

W O O D - R O T 
The term wood-rot is used to describe 

the decayed condition of woody parts of 
stems brought about 'mainly by fungi. 
These fungi as a rule cannot gain access* to 
the wood except through wounds which lay 
bare a surface of wood, and for this reason 
wood-rot normally follows pruning. The 
wounds made by borer beetles, as seen on 
the surface of stems, are very small. Never­
theless, they provide a means by which 
fungus spores may come into contact with 
the wood of infested branches. There is also 
a suspicion that beetles may carry fungus 
spores on their bodies when they start the 
construction of galleries, and should the 
.sperms -o* weed-rotting fungi ..be ZTs&agH, 
them, the nsk of wood-rot infection woiald 
be materially increased. 

The charge against borer beetles, how­
ever, is more frequently based on other 
grounds than these suspicions. The wood 
of infested branches in the vicinity of 
galleries is stained reddish or dark purple 
and the stain is very obvious when the 

branches are pruned. In Speyer's opinion 
(1922) 7 this staining is "not serious so fat-
as the upper branches of a bush sre-icn-
cerned, but in the thicker branches and 
collar which remain after pruning, the 
stained area decays entirely where the 
attack has been of long standing." The sug­
gestion here is that the staining is a fore­
runner of wood-rot. 

Decay in thick branches and at the 
collar is prevalent in bushes which have 
never been attacked by shot-hole borer, so 
there must be some doubt that similar 
decayed areas in infested bushes are the 
direct consequence of borer invasion. Yet 
it has been the experience of many planters 
that, in heavily infested fields, pruned 
branches showing the' characteristic stain 
at the cut are found to be badly decayed at 
the next pruning. It should be noted how­
ever that the stained branches were pruned, 
an operation which predisposes bushes to 
invasion by wood-rotting fungi. Also, when 
bushes" are infested, practically every 
branch shows the stain at the cut, and unless 
unstained branches are marked in some 
way, it is impossible to judge accurately two 
years later whether the decay is the more 
severe in.tftorfcs cr.ar.ches which were origin­
ally stained. 

In order to determine whether there 
is any direct connection between the stain 
around borer galleries and the later rotted 
condition of stained branches after pruning, 
it is necessary first to consider what causes 
the stain. Growing on the gallery walls is 
an ambrosia fungus" on which the beetles 

http://cr.ar.ches
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feed. That fungus penetrates the wood in 
the vicinity of the galleries and can normally 
be recovered from the stained areas (Gadd 
1936).1 When the fungus is isolated and 
grown in pure culture on agar media, a wine 
red colouring matter is formed which stains 
the agar deeply. This stain closely resem­
bles that of the wood around the galleries, 
and there can be no doubt that the stain in 
the wood results from the srowtjfsdf- tiiei 
ambrosia fungus. 

The next step is to determine whether 
the ambrosia fungus causes decay of tea 
wood. Experiment with the fungus have 
failed to cause any detectable decay of the 
wood. Moreover, other fungi isolated from 
stained wood around borer galleries in un-
wounded stems have also failed to cause rot 
of tea wood in controlled experiments (Gadd 
1936j. 1 These results indicate that neither 
the ambrosia fungus itself nor other fungi 
normally carried into the galleries by the 
beetles are organisms capable of decaying 
wood. 

It should be noted that the wood-rot of 
borer-stained branches invariably begins 
after the bushes are pruned, and that no 
recognisable decay occurs before pruning. 
This leaves little doubt that the wood-rotting 
organisms- gain entry through the exposed 
wood surface after pruning or after the 
branches break. One problem remains. It 
seems improbable that the invasion and 
growth-, of the ambrosia fungus will leave 
the wcot? entirely unchanged-•* ;poes„ that" 
change, wnethef ".chemical or' .physical, 
render the wood liable to more" speedy decay 
when invaded by true wood-rotting, 
organisms ? 

An attempt to answer this question 
(Gadd 1943) 2 was.made by measuring the 
length of wood-rot in infested bushes three' 
years after the branches were pruned. The 

branches were divided into those havirlg 
borer galleries in the rotted zone and those 
without. The galleries in the rotted zone 
were undoubtedly made before the branches 
were pruned and it may be assumed that 
wood around them was stained. One can­
not be equally sure however that when no 
gallery was visible the wood was free from 
stain, but in general the probability is that 

.the area3„ containing galleries were more, 
consistently stained than those without 
galleries. If then invasion by the ambrosia 
fungus renders the wood liable to more 
speedy decay, more wood-rot would occtir 
in the areas with galleries than without. 

The results from three fields were 
similar, and in each the rot had progressed 
furthest in those branches which had borer 
galleries in the rotting area. It appears 
therefore that although the ambrosia fungus 
does not of itself cause wood-rot, invasion 
by that fungus allows the wood to be 
reduced more rapidly to a"friable condition 
when invaded by a true wood-rotting 
organism. This fact is not of serious import­
ance as the difference in rates of decay is 
not' very appreciable. In the writer's 
opinion, the part played by the borer in caus­
ing or accelerating wood-rot is generally 
over-rated. So long as tea bushes have to 
be pruned, wood-rot will occur, no matter 
whether the bushes are infested by borer or 
riot. 

: DIEBACK 

•^""•.In an earlier article (Gadd I947) 5 it-was 
shown that the borer beetles exhibit a'pre^' 
ference for the node as a place of entry into 
the stem. The entrance to the gallery is 
frequently situated just below the base of a 
bud, and, although the boring usually does 
not injure the bud itself, it severs the' 
channels along which water must pass to 
the bud. This injury cannot be repaired. 
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result in the bursting of relatively few buds,, 
and the death of whole branches. In bad 
cases no buds may break and the bush dies 
ki consequence. Unfortunately shot-hole 
borer is prevalent in many areas where 
bushes are liable to be deficient of food 
reserves, and the cause of dieback there is 
apt to be wrongly diagnosed, "Where die-
back is due to the borer, a gallery is tc be 
found at the buds which fail to break. The 
absence of such evidence is indicative that 
the dieback is due to another cause. 

BRANCH BREAKAGE 
Borer damage resulting in dieback and 

wood-rot becomes evident after pruning, 
but the breaking of branches occurs shortly 
after the galleries are made. Galleries of 
certain designs (Gadd 1947) 8 weaken the 
stems to such an extent that invaded bran­
ches are easily broken, at the site of the 
galleries, by wind and during cultural 
operations. The loss of branches must 
result in a reduction in the cropping capa­
city of the bush, but no satisfactory means 
has been devised to measure the amount 
of crop lost. The extent of the loss will 
be dependent on the number of branches 
broken, but it will not be directly propor­
tional to that number because of the differ­
ent times at which breakages occur. 

The collection of broken branches from 
an experimental area, 3.2 acres in extent in 
the Passara District, weekly after each 
plucking, was started i n . 1942 when the 
bushes were in the second year of the cycle, 
having been pruned in September 1340. In 
February the collections averaged 377 per 
acre per week, and in June they reached 
a peak of 765 per acre per week. After­
wards the numbers decreased until in 
February, 1943 they were only 83 per acre 
per week, and they remained about that 
level till September when the bushes were 

and it deprives the bud perrnanetly of suffi­
cient water to cause it to burst. The bud 
thereby becomes functionless and incapable 
of further growth. The damage however 
does not become evident until the bush is 
pruned. 

The pruning of a branch causes the bud 
nearest the cut to break and the piece of 
stem above.the bud to die. For this reason 
one of the first rules of pruning to be learned 
by a young gardener is "Prune to an eye 
(bud)." By selection of the bud the posi­
tion of the branch to be grown can be deter­
mined, and by making the cut close to the 
bud the length of the dieback is diminished. 
Although tea bushes are not pruned with 
that care the same principle;? hold good. 

If however the uppermost bud, nearest 
the pruning cut, is incapable of growth 
owing to the presence of a borer gallery 
immediately below its base, the next lower 
bud takes up its function. Obviously the 
length of the dieback is increased by the 

length of the internode, the distance between 
the damaged and undamaged buds. * If 
several successive buds below the cut are 
similarly damaged- the length of the dieback 
is correspondingly increased. The length of 
the dieback depends not only upon the 
number of ineffective buds but also upon 
the jat of the bush, because high ja;L bushes 
have longer internodes. For this reason 
dieback resulting directly from borer in­
juries is usually greatest and most notice­
able'in n i g n i a t , bushes... 

Shot-hole borer however is not the sole 
cause, nor the commonest cause of dieback 
in tea bushes. Buds may fail to break for 
reasons other than the presence of borer 

. galleries, the chief of which is undoubtedly 
a deficiency of food reserves at the time of 
pruning. Such a deficiency, particularly 
when the bushes are clean pruned, may 
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number was 108 and by June 1945 it had 
reached 264 and by July 267 per acre per 
week. Thereafter the numbers fell as in 
the previous cycle unti l the low level of 
36 was reached in May, 1946 (Gadd 1945, 
1946). 1*' 5 These results confirm those pre­
viously obtained y and demonstrate clearly 
that* borer damage decreased markedly 
during, the, third year, from pruning. The, 
data"do pot' indicate" any likelihoobf of a 
further decrease, during a fourth year 
though damage could be expected to remain 
small. 

During this cycle the damage was very 
much less than in the previous cycle. The 
peak months, June and July 1945, gave 264 
and 267 broken branches per acre per week 
whereas in the corresponding months in the 
previous cycle (1942) the numbers were 766 
and 703, respectively. As there is no evid­
ence to support the view that the years 
1943-6 were less favourable for the borer 
than the years 1940-3 the suggestion is put 
forward that the smaller damage in the 1943-
6 cycle was due to the smaller population 
at the beginning of the cycle as already 
explained; but further observations wi l l be 
necessary to establish that point. 

Relatively little damage is done during 
the first year.because.for the greater part 
of i t the young branches are unsuitable for 
attack. Speyer (1919) made use of that fact 
in his scheme for controlling shot-hole borer 
by. pruning at short intervals.. His scheme 
-proved neither-practicable- nor effective,' and 
need hot be discussed here. 

The records of borer damage during the 
first part of the' 1943-6 cycle in the experi­
mental area are of particular interest as they 
show that the greatest variation occurs 
during that period. T h e experimental area 
. consists of four blocks, one of which (No. 1> 

pruned again at the end of a 3-year cycle 
-(Gadd 1944). a 

T h e importance of these observations 
.lies in their indication that borer damage 
falls to an almost insignificant level during 
the th i rd year from pruning. L ike many 
other borer infested areas this one had 
previously been pruned on a 2-year cycle, 
the pruning being done at a t ime when 
borer damage was near its maximum. The 
length of a pruning cycle is dependefit upon 
reasons other than borer infestation, but 

one can well imagine a planter, after inspect­
ing infested bushes towards the end of the 
second year, deciding that unless he prunes 
soon he wil l have little frame left to prune 
on to. T o what extent decisions of that sort 
have influenced the length of pruning cycles 
in infested areas is impossible to say. 

The prolongation of the pruning cycle 
in the experimental area proved successful 
in every way. The yield in the third year 
(660 lb. per acre) exceeded the average of 
the first two years by 60 lb. per acre, and 
the frames were in better condition for 

pruning. W h e n the bushes were pruned in 
September 1943 at the end of a 3-year cycle, 
the borer damage, and presumably the 
beetle population,' were at their m i n i m a ; 
whereas at the 1940 prune, coming at the 
end of a 2-year cycle,* the damage was near 
its maximum and the beetle population 
large. This fact wil l be referred to later 
ws a possible explanation of a marked 
reduction' in damage during.ti ie- second 3-
year cycle. -

Broken branches again began to 
appear in the plots in May 1944, eight 
months after pruning, and the weekly 
average then was only 6 broken branches 
£er acre per week. By the end of the 
pruning year (September 1944) the 
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ia separated from the others by a distance 
of about 200 yards. The areas were care­
fully selected for uniformity for manurial 
trials, but the records show that although 
the damage was similar in blocks 2, 3 and. 
4, which lie side by side, that in block 1 was 
more extensive and followed a somewhat 
different course. The records of blocks 2, 
3 and 4 are so similar that those of block 2 

- only .are ..given, in -Table 1 for comparison 
r wi'th.'those of block 1. 

In blocks 2, 3 and 4 the breakages 
steadily increased in number from May 1944 
tiil July 1945, but in block 1 the increase 

. was more rapid and a peak (398 per acre 
per week) was reached as early as October 
1944. In that month the blocks were culti­
vated and manured and because of that 
extra work the breakages for the month 
were exceptionally numerous, particularly 
in block 1, indicating the larger number of 
infected breakable branches present. The 
breakages in block 1, as may be seen from 
the table, fluctuated somewhat between 
October 1944 till July 1945, near the end of 

the second year from pruning, when in all 
blocks they reached similar peaks. At the 
end of July 1945 11,701 broken branches 
had been collected from block 1 whereas the 
totals removed from blocks 2, 3 and 4 were 
5.394, 5,129 and 5,926 respectively. (The 
area of each block is 0.8 acre). The damage 
was therefore twice as great in block 1 as 
in the other blocks during that part of the 
cycle. But after July 1945 and during the 
third year; the damage decreased in all 
blocks and that in block 1 was no greater 
than that in the others. 

No reason can be offered at present why 
the damage should have been greater in 
block 1 nor why it should have reached o 
maximum there early in the cycle and 
remained at a high level until the general 
decrease set in towards the end of the 
second year. It is evident, however, that 
although a decrease in damage can be con­
fidently forecast for the third year of a cycle 
its course during the-earlier years is not so 
certain. 

TABLE I 
Mean weekly counts of broken branches from two experimental blocks given as 

breakages per acre. 

1943-4 1944-5 1945-6 
Block 1 Block 2 Block 1 • Block 2 Block 1 Block 2 

September 251 . 44 205 , ' 206 
October ,— — 62 . 161 166 
November — — 224 60 125 122 
December — • — . . 191 , 77 • 122 136 
January — '' 250 115 102 . -i 07 
February — ' " 2 5 0 . " " m 107 97 
March — — 171 127 82 82 
April — — 227 154 53 ' 55 
May 17 4 284 242 40 36 
June 73 ' 15 279 241 47 45 
July 185 19 280 261 41 32 
August 254 36 215 227 38 35 
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THE COMPETITION FACTOR 
F. R. TUBBS 

Competition between individuals of the 
same or different species is an ever-present 
factor in Nature. Thus side by side with 
the advantages resulting from community of 
shade tree, tea bush and cover crop there 
exists competition between them for light, 
water, nutrients and carbon dioxide. Cul­
tural practice is directed towards maintain­
ing a balance favourable, on the whole, to 
the tea. But the existence of severe compe­
tition between individual tea bushes is 
accepted. The reason for this is that, gene­
rally speaking, a nigh bush number per acre 
is associated with high yield. This occurs 
even though the yield of individual bushes 
is reduced by competition and is due to the 
more efficient use of soil resources, the more 
complete protection of the soil from 
exposure and erosion, and the greater acre-' 
age - of .plucking- surface '.obtained. .,,,... 

It is only when maintenance of the 
high bush number per acre is attempted that 
difficulty arises. The competition of old 
bushes is perhaps the most serious of the 
adverse factors in the environment of young 
supplies, and it is enhanced by close spacing. 
Though this is commonly recognised, full 

weight is not always given to its importance 
nor to possible methods of reducing its 
severity. The following data illustrate cer­
tain aspects of the problem. They are 
derived from an experiment upon supplying 
commenced in 1937 and terminated in 1941 
owing to the war; the data are, therefore, 
less complete than might be desired. 

The experiment was designed to com­
pare the growth of two-year-old seedlings 
planted in land from which old tea had been 
cleared, with the growth of similar seedlings 
planted amid old tea, with a view to estimat­
ing the possibility of drastically increasing 
the bush number per acre without recourse 
to replanting. ' 

The comparisons were between :— 
(a) Normal. replanting — 3 ft. x 4 ft. 

•(•3,630 -MgcUlings^rjer -planted acre^ 
•- in cleared piots. " 
(b) Close replanting — I h ft. x4 ft. 

(7,260 seedlings per planted acre) 
, - in cleared plots. 

(c) .Interplanting of collar-pruned*tea— 
Along the lines of old tea, which 

. was. collar-pruned, (3,630 old 




