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SHOT-HOLE BORER DAMAGE AND TEA YIELDS
C. H. GADD

In a previous article the writer (Gadd

1943) asked the question : “Does manuring

reduce the damage caused by Shot-hole
borer 7" and presented data from a manu-
rial experiment in the Passara district indi-
cating that the answer was in the negative.
The experiment there described was con-
tinued for a third year, and the data collec-
ted during that further period October,
1942 10 September, 1943 are now presented
for discussion. (Table 1.)

Manures were applied in March, 1943
at the same rate as previously.

sists of a main branch together with all the
twiggy growth it carries. The first collec-
tion was made on January 3lst, 1942, when
the tea was 16 months old from last prun-
ing. On_.that date 2.689 broken branches
were collected from the whole experimental
area {3.2 acres). Thereafter the broken
branches were collected weekly for 83
weeks until September 2nd. 1943, when the
experiment ceased at the end of a 3-year
plucking cyele. Records of these collec-
tions are given in a simplified form as
Fig. 1. In February, 1942, 4,821 broken
branches were collected from the 3.2 acves

TABLE T
Yield and number of broken branches during the third year from pruning and for
the whole cycle, from 3'2 acres

Treatment 3rd year vieldjnth. Total 3vd yeafmken ancm'?otal
0 . 926:36 65864 1998 8,249
R . 20715 82456 2,334 10,318
P . 24313 62195 2,228 8,900
NP . 28384 734:04 2,203 10,611
K .. 30192 ©B4160 . 2697 11,364

ONK 28633 - 78993 2,187 9.619
PK e 21067 62623 1910 . 8425
NPK e 270744 75381 2,317 9.528
“Total 2,119-24 597076 R 77,014

During the course of the experiment
the damage caused by shot-hole borer was
estimated by counting the number of
braaches broken in each plot after each
pluck, ie, at weekly intervals. What is
here termed s “broken branch” refers to
that part of the woody frame which comes
away when a branch ig broken ; each con-

after four plucks in thai .month. By a
simple calculation a value of 377 iz ohtained
for the mean number of breakages pev acre
per week for the month of February. 1942,
Other valves were obtained similarly for
the other months of the experiment ani
they arc shown graphically in Fig. 1. [t
will be geen that the mean weekly number
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of breakages increased steadily until June,
1942 when a peak, 765 breaks per acre
was reached.  Afterwards, the number of
breakages deercased until March, 1943 and
then remained fairly constant at a low level
of about 80 breaks per acre per week until
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Damage was at a maximum in June,
1942 (765 breaks per week per acre) and
near a minimum in June, 1943 (82 breaks).
Are we to interpret those observations to
mean that shot-hole borer beetles were less
numerous 1n the district in June, 1943 than
General observations give 1o
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Fig, -The mean namber of broken branches per aere collected weekly, after
plucking during the perlod Februarvy. 1247 to September, 19i3.

A thres.

vear plucking eycle erminated in Septembor, 1943

the end of the experiment. The maximum
damage therefore occurred during  the
seeqnd vear fromm pruning which ended in
September, 1942,

support  for such an interpretation. as

throughour  the  disteict shot-hale borer . |

thmage in 1943 wag much the same as in



The writer (Gadd 1941 pp. 135-137)
first drew attention to the fact that shot-
hole borer attack, although it may noi cease
entively, Is very materially reduced during
the third year from pruning. His evidence
was based largely upon an analysis of data
collected by Jepson (Jepson and Gadd
19231 aver a pruning cycle September. 1920
to November, .1923. ‘Later, (Gadd 1942
p. 32) data from a plucking experiment
during the peried December, 1938 1o
December, 1941 indicated a similar conelu-
sien. When, therefore, the data collected
during the present experiment showed that
inscct damage had bemun to  decrcase
owards the end of the second year from
pruning, it was considered advisahle to
extend the experitent for a third vear, if
for no other reason than te ascertain whe-
ther the decrease would continue as expec-
ted. It has already been shown that the
amount of damage continued to decrease
duripg the first half and then remained
at a low level during the second hall of
the third vear from pruning The decrease
in shot-hole borer damage in the experi-
mental area during 1943 musi therefore be
attributed to the bushes being in their third
vear from pruning ; and »el to the weathor
or other external conditions bheing un-
favourable for the heetles.

The losg of branches from tea bushes
in plucking must result in a ioss of crop,
andd altthough such loss cannot be estimated
it is probable that it is roughly proportional
to the number of branches lost through
hreakage. During the whole 3-vear cyele
T7.014 broken branches were collected and
removed from the whole area, That num-
her is cquivalent to 24.067 per acre or 7.4
branches per bush. During the third vea-
17.774, (ie., 555 per acre) branches were
hroken as compared with 53240, (ie. 1.851
per acre} previously. though mainly in the
sorond vear. . Breakages in the third vear
were lesg than ane-third of the numher
broken in the second year. During the

last six months of the evele. March to
August, 1943, the mean number of broken
hranches per pluek per acte was 82 as
compared with 558 during the same months
of the previous year; the loss in crop
during the last six months of the cycle
resuiting from shot-hole borer attack was
therefore anly about one-seventh of that
occurring in the later half of the second:
year.

Some idea of the extent of the damage
may be obilained fraom Table 2 in which
the weights of all broken branches collec-
ted on ten oceasions are given, together
with diameter measurements of the bran-
ches at the breaks.

The hroken branches were weighed
fresh. immediately after collection, In
order thal the results may be comparable
the mean weights per 100 branches {or
each occasion are given in the last ¢olumn
of Table 2. The mean weights varied
gsomewhat from time to time as might be
expected ; on the average the branches
wore somewhat heavier in 1942 than in
1943, The average from all occasions was
5.27 b, per 100 branches and by applying
that valuc to all the branches collected
diving the experiment (77,014} it may be
calcuinted that 1.268 . of branches were
removed from each-acre during the 3-year
phucking cyele.  The prunings from clean
pruned bushes on Si. Coombs (where shot-
hole: borer does not occur) at the end of a
Z-vear cyele weigh, on the average. 8.000
ib. per acre {(dry weight) from which a
rough picture of the extent of the damage
may he visualised.

Diameter measurements  of broken
branches at the [racture woere taken with
a gauge. A branch which would not slip
into the slot of the gauge 3-sixieenths-of-
an-inch wide hui would enter the next
larger slot was recorded ar d-sixteenths;
it true digmeter of eose might be any-
thing between 3 and 1 sixteenthg-of-an-



inch,  The necessary corrvection was there-
fore made when calculating the mean dia-
meters given in Table 20 During 1943 the
broken branches were but slightly thicker
thap in 1942 (0.25 in. as comparced with
.23 in} This difference, though small

TABLE
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every broken branch had a gallery  at
the fracture.  The pereentages of such
malleries  as were  occupied by beelles,

pupae, larvae or egus are given in Table 3
't will be seen that the pevcentage of
oceupied gallevies fell from 109 in Septem.

~

. - Weight and diameter at. the fracture of broken branches o 10 occasions,
Mean
Collec- ' i Meau diameter in sixteenths-of-an-inch.  Mean  sweight
tion Dale B:\a‘; ';11 W ll';fm diameter per 100
No. ranches ; 3 4 5 6 7 8 8 10 inches branches
Ib.
1942
1 January 31 2,689* 16978 233 256 223 100 13 5 O ) 24 531
17 May 22 1,722 9074 777 536 313 B4 12 — — - o2l 527
32 September 4 1,162 52:64 350 327 287 134 18 4 2 023 453
36 October 2 643 3192 188 191 W60 87 16 i — — 024 4-96
4} October 30 705 3040 186 195 i91 107 23 2 1 e 025 431
Total 6,821 87557 1,774 1,505 (174 512 82 12 3 t 028 543
1943 o
64 April 13 257 ire2 28 32 9 68 18 i 28 4-37
70 May 27 2186 1260 41 83 65 40 7 - 023 583
74  June 25 2 @71 56 1186 61 23 4 — 023 373
78  July 22 328 1372 92 1083 88 41 4 - 0-23 418
82 August 19 258 1178 38 81 80 50 B 0-26 4-57
Total 1,319 3903 255 415 384 222 42 i 025 4-48
Grand Total’ 8,240  434-512,020 (,920 1,558 734 12¢ 13 3 | 09 527
* The diameters of only 83! were measured. .

is probably rcal as the tahle shows that
in 1942 the 3-sixteenth inch class was the
largest. whereas in P43 therd were more
bLranches in.the 4 and S-sixteenth inch
clasges than in the 3-gixteenth inch class.

On  eight occasions. enwmerated in
Table 3 the broken branches were studied
in greater detail.  Every gallery was
examined and  classified occupled  or
empty @ the contents of the occupied gal-
leries were counted. As all lLreskages
had. occurred at the sites of galleries

as

ber. 1942 to 1.9 in April, 1943, This was
a period during, which the pumber, of
breakages in the plots was decreasing.

Before considering any possible con-
nection between these two observations it
must he pomied out that as the galleries
under consideration  were hroken, it is
possible that some of their contents were
spilted at the time the branches broke. I
ail the contents of a gallery wore spilled
the gallery would then be, ccunted
empty, and the percentage of occupied

Ghire e



galleries would in consequence be decreas-

ed. Such accidents may give false values

for the percentage occupied but they are
hardly likely to affect the trend of succes
sive wvalues. QGalleries " in the broken
branches other than those situated at the
fractures were opened to determine their
contents. The results are shown in Table
3 under the heading ‘Galleries in Brarich”
Again it may be seen that the percentage
of occupied galleries gradually decreased
until May, but later increased again. The
trend of these results follow fairly closely
those obtained {rom galleries at the frac-
ture though the actual values are higher.

6

then be nil. The observed progressiv

fall in the percentage of occupied gallerie

to the low figure of 7.4 in the undamage

part of the branch must indicate a marke

decrease in the number of new gallerie

being made. 1f so, the iater rise in tk

percentage to 19.8 in July must indicat

s renewal of the attack. This period «

new invasion, April to July, 1943, corre

ponds roughly to the period of maximum
attack in the previous year and so may be
a seasonal effect. Judging from the num-
ber of breakages this late attack did rela-
tively little damage.

TABLE 3
. (alleries in Broken Branches
Collection . Galleries at the fractures. Galleries in Branch Gallesies
No. - Date Total Qccupied Occupied I'otal Occupwd Occupiedd Mean per 100 R
’ . % o, Content branches %,
1942 T .

32 September 4 1,162 127 109 1016 278 274 23 87

36 Qctober 2 643 56 87. . 606 113 186 29 24

40 October 30 705 43 . 61 595 104 175 28 . 84
1943 . Co ) .
64 April 13 257 5 re 308 25 81 33 120 °
70 May 27 216 - 23 10°6 121 74 10 56
74 June 25 260 30 s - 1 18 162 40 43
78 July 22 328 4 . 122 175 35. 198 25 5. &
82 August 19 258 ¢ 84~-i- 132 155 29 187 38 60 .;’_

Dc these o')servatlcns lend any sup-.

pm't to the statement made earlier, that
the diminutiori in the number of broken
branches after June, 1942 was due to cess
ation of attack by the beetles ? Tf attack

ceased completely on a given date, no more

new galleries would be made, but some
of the existing galleries  would contain
beetles and their young. In the course of
time these galleries would . be vacated
and eventually all would be empty. The
percentage of occupied gaileries would

‘The mean contents of the occupi
galleries on’ eight occasions are also showly
in Table 3. On May 27th, when the pef
centage of occupied galleries in the brokeg§
branches was at a minimum the mean cof
tent of the occupied galleries was 1.0,
the parent female remaing jn the galle
to tend the young the value 1.0 indica
that there were no young in any of tif
galleries examined at that time. That w ‘
the only ocecasion when neither eggr
larvae nor pupae were found.
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.during the period’ September

Individual galleries may contain as
many as 30 or more young, but an average
derived from a number of galleries chosen
at random would never give a value as
high as that. When studying the life
history of the beetle it was found that
galleries 36 to 49 days old, on the average,
contained 12.6 young (Gadd 1941a); gal-
leries younger than 36 days and older than-,
49 ‘days-had smaller mean’ contents”” Gaf-T.
leries collected from the field are of very
mixed ages and consequently vary greatly
as regards.-their contents. At a time when
galleries were increasing rapidly in num-
ber their mean contents (of 100 or more
occupied galleries) ranged from 5.0 to 7. 3
(Gadd 1942) and the writer is of the opi-
nion that such values will be obtained only
when conditions are favourable for the
beetles. Under less favourable conditions
the mean content of occupied galleries will
tend to be lower.

The mean content of occupied galleries
therefore depends upon two main factors
(1) the mean age of the galleries and (2)
the conditions within the gallery. * It is
impossible to ascertain the mean age of
galleries collected at random from the field,
so it may not be possible always to attri-
bute a low mean content to the proper
cause when the number of - galleries
examined is small. As in no instance do
the values given in Table 3 exceed the
value 4.0 it seems probable that the low
values are indicative of somewhat un-
favourable conditions in  the galleries
1942 -to
August, 1943, £

The shot-hole borer beetles of tea
spend practically the whole of their lives
within galleries in living branches. In
such a position ‘they are well protected
against enemies and against .- sudden
changes of temperature and .humidity
brought about by-the weather. It may

= not be cbvious therefore why the beetles

.in other respects.

‘gallemes -for themselves ;

cannot breed equally well throughout the
year in a tropical climate. What then are
the unfavourable conditions referred to
above ¥

The beetle sometimes atlacks a stem
by boring a gallery and then wvacates it
before completion. This seems to happen
most [requently when young stemis are
entered.
wood teo sappy and the gallery too damp
or the physical conditions unsatisfactory
The reason for the
behaviour, however, is not known. When
a gallery is completed satisfactorily the
female plants a fungus (ambrosia) on its
walls and her young later feed on the
fungus. Much depends upon the growth
of this fungus,; if the growth is poor the
food supply may be short and the size of
the fdmily is reduced accordingly. The

fungus gets its food from the tea bush and

is in fact dependent on the bush for all
its requirements. A small change in the
life processes of the bush, resuiting from
any cause, may therefore affect materinlly
the growth of the fungus and indirectly
the size .of the beetle brood. When large

- families are raised the numerous females,

when adult, emerge and make many new
but when condi-
tions are adverse the famlhes are smail

‘few femalés emerge and few new gallencs
are found.

On this hypothesas it - would appear
that during the early part of the second

..yegr from pruning, conditions are at an

optimum for the beetles, the population

‘increases rapidly and numerous branches

break in consequence. Later an adverse
change sets in and the beetle population :3
gradually reduced but does not disappecr
entirely. The beetles are there, but in
relatively small numbers ready to take
advantage of any favourable change ot

conditions. This gross change from fayfourf'
able to unfavourahle conditions is grauuay

-

" Possibly the beetle finds the .
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and is undoubtedly associated with phyvsio-
logical and biochemical changes within the
lea bush, possibly brought about by. pluck-
Ing. What those changes are cannot be
defined at present but they probably react
on the ambrosia fungus.

In the previous article in which the
results of this experiment to the end of
the” secorid year‘from pruniig 'were diz-
cussed, it was shown that the plots which
gave the higher yields, in-general suffered
the greater damage from the boring
beetles. This fact had not previously been
demonstrated, so it may be well, before
proceeding further, to ascertain whether
the data collected during the third year
demonstrates a similar correlation between
yield and breakages.

In Fig. 2 are shown graphically the
vields and number of broken branches
collected from the different manurial plots
during the third year from pruning. Each
dot shows both the yield in lb. and the
number of broken branches collected from

four plots undergoing a particular:manurial .

treatment indicated by a letter. The plots
manured with potash alone (K) gave the
highest yield, 301 1lb., and the largest num-
Jer of breakages, 842 (Table 1); they are
represented by the dot K in the top right
hand corner of the diagram. At the other
extreme the plots receiving no manure; (0)
and phosphate and potash together (PK)
gave the lowest yields and also the small-
est. numbers of breakages.

_of the diagram. A straight line has been
drawn to pass as near as possible to all
eight dots in the diagram. It starts near the
‘oottom left hand. corner, passes through
u point representing the mean of all results
(265 1b. and 746 breaks) and continues
towards the top right hand corner. Other
lines might be drawn by eye but they
would all start near the bottom left corner

“aiid Pass towards “the top right corner.

-

The dots O
and PK are in the bottom left hand corner- -

Such lines represent estimates of the effect
of changes in one character (say yield) on
the other (breakages). The line shown
represents an increase by 62 breaks for
every increase of 10 lb. in yield. The
figure shows therefore that those plots
which had the larger yields during the
third year from pruning had also on the
average the greater pionber of broken

branches despite the fact that the general

level of shot-hole borer attack had fallen

considerably.

It will now be evident that the amount

of damage cccurring in a tea field as a

result of shot-hole borer attack depends
upon at least two factors: The first and
more important is the age of the bush from
pruning. The second is the degree of fer-

tility of the field; its effect is relatively

small ‘as compared with the effect of age.

The fertility of an experimental plot
is measured by the weight of crop harves-
ted ; the plot with the highest yield may
be said to be the most fertile. Total ferti-

lity is made up of the initial fertility plus

that added by way of manures. One of
the problems in agricultural experimenta-
tion is to separate the effect of manuring
from that resulting from initial fertility.

" Table 1 shows that 4 plots receiving potash

manures “only, yielded 301.32 lb. of tea
during the third year, whereas 4 plots
receiving no manure gave only 226.36 lb.
The difference 74.96 is one estimate of the
beneficial effect of potash manures cn
vield, but as shown in the previous article,

- 8 other estimates, equally valid, may be

made. The truest picture is obtained by
using all four estimates which brings every
plot of the experiment into consideration.

In this way the effects of nitrogen, phos-

phate and potash can be determined ; such
estimates are shown in Table 4, together
with similar estimates of the manurial
effects on breakages.
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Manurial experiments in areas free
~from shot-hole borer, such as St. Coombs,
have always demonstrated a significant
increase in crop as a result of nitrogenous
manuring. In infested areas. such as the
present experimental block, it has not been
possible to demonstrate a similar response
so clearly. In fact a significant response
to nitrogen was cemonstrated. isr the first
time in” this experimental block in 1943,
during the third year of the cycle (Eden
1844). Incidentally this was the first time
that this experimental area had been
plucked over a 3-year period, previously
the plots had been plucked on a 2-year
cycle. The question naturally arises
whether shot-hole borer was in any way
responsiblef for the earlier failures to.

of plots the observed increase of yield in
the manured plots would have been
greater. In the third year from pruning
the insect damage in all plots was con-
siderably less than in the previous year
and the N, manured plots suffered only-
3.5 per cent more damage than those recei-
ving no nitrogen. Yields were maintained
at a relatively high level and there-was
an increase of 159 per cent in:the plots
receiving nitrogen as compared with those
receiving none. This larger increase

proved to be of statistical significance. It

seems probable therefore that the reduced
amount of borer damage, both total and
relative to' the plots without ~nitrogen
enabled a significant increase in yield to
be demonstrated.

"TABLE 4

T e

Effect of Nitrogenous Phosphate and Potash Manures on the Yield and Damage caused
by Shot-hole borer during the third year from pruning. Each result relates to 1'6 acres.

N Yield in Ib. A Broken Branches * o
- With - Without Increase Increase  With Without Increase Increase
Nitrogen  1,137-76 98148 15628 159 9,041 8733 308 35
Phosphate 1,00808 1,111’16 <~10308. —93 8658 9,116  -458 -50
7 Potash 1,068'76 1,05048 9,111 8,663 448 52

1828 17

.. A significant response in yield to
nitrogenous manures was the only one
expected. It may be seen from Table 4
that potash gave a small but statistically
insignificant” increase in yield and also in
insect damage. Phosphates appear to have
decreased borer. aftack slightly but they
also depressed the yield somewhat. It is
evident therefore that manuring has. not
proved of any value in controlling shot-
hole borer attack. Any ‘increase in crop
following manuring has been accompanied
by an increase in borer damage. Only
when yield was depressed was theré any
decrease in borer damage. -

9 ) - :
demonstrate -a significant response from
manuring. Although this question éannot
be answered with any certainty it seems
probable that shot-hole borer was at least
in patt responsible.

At the end of the second year from
pruning- the plots receiving nitrogenous
manure gave 9.7 per cent more crop, but

< at the same time suffered 10 per cent more
« damage than the plots receiving no nitro-
© gen. The increase in crop proved too-small
to be of statistical significance. As shot-
hole borer damage leads to loss in
crap it seems fair to assume that had
{he “damage blen’ equal in both series
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_ The effect of manuring on borer
damage is very small compared with the
effect of the bush's age from pruning. At
the end of the second year breakages
during plucking are numerous so it is to
be expected that if the bushes are pruned
then, breaks during pruning will also be
numerous. During the third year the

an examination of the yields. During the
first two years (actually 25 months) the ¢
yvield from the whole experimental area
was 3,852 lb. or say an average of 1,926 b
per vear. In the third year (11 months)
the yield was 2,119 lb. which exceeds the
average for the first two years by 193 b,
ie, by 60 1b.  per acre. Obviously, an

Bzetle attack falls to a low level, few new - cipcreased yield was obtained as a result of |

galleries are made ‘and ‘consequenily
breakages during plucking are few. Un-
doubtedly the bushes benefit from the
improved conditions and less damage is to
be expected from pruning. The question
arises whether the extension of the prun-
ing cyele in shot-hole borer areas is sound

econoinically. _ o

The prolongation -of a pruning cycle

is usually decided upon after consideration
of factors other than the mere prevalence

of shot-hole borer. Each case has to be
considered on its own merits and the gues-
tion may well be asked “Did the prolonga-
tion of the pruning cycle in this instance
prove to be economically sound ?” ‘That.
question can be answered definitely from
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“the pralongation of the pruning cycle in - -

this instance, but it mwust not be assumed
that similar benefits will accrue in all
cases. These results suggest that the pro-
longation of the plucking cycle beyond two
years may be advantageous in some shot-
hole borer infested areas.
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