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*  DOES MANURING REDUCE THE DAMAGE
CAUSED BY SHOT-HOLE BORER?
. C. H. GADD

In 1903 Green ™ wriling on the con-
trol of Shot-hole borer in tea, stated : “Our
object should be to induce by suitable
pruning and cullivation such a vigerous
condition that the damage (s automatically
and continuously repaired.”” That sfate-
ment still fairly vepresents prévailing
opinion today. The aim of every planter
is to induce and maintain a . vigorous con-
dition in his tea bushes, il for no other
than that the size of his c¢rop
largely depends upon his success in that
cdirection ; careful pruning and good cultis
vation are amongst the methods employed.
As an agricultural policy Green’s advice. is

éminently sound. The advice, however,
was not given merely as a general agri-
cultural policy but as a specific method of
. reducing the damage caused by shot-hole
horer, If the damage is automatjcally and

c'ontinuously repaired by bushes in .a
vigorous condition, it should follow that
vigible damage will be least in those areas
where the bushes' vigour is greatest, and
sce wersa. The experiment to-be des-
cribed is designed to test that inference,
which for so long, has been generally
secepted without proof.

It wili be obvious that if vigour and
vamage are to be compared, methods for
measuring each must be devised. Vigour
will be refiected in yield; the more vigorous
bushes may be expected to give the

greatest harvest, if other factors, like type.

of plucking, are kept constant. The crop
harvested from individual plots can be
getermined with considerable accuracy,
and such figures may be accepted as a fair
measure of bush vigour, or of soi] fertiljty
inducing vigour, ‘
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TABLE 1, - - o
Experimental Results. o ‘
| . : Broken  Galleries per .- Hoaled
. Treatment Yii}d branches in 10D broken = galleries
o hundreds branches &%
o 432:28 64-51 1767 20-91
527:41 79-84 1806 1678
p 44882 6672 1869 19-12 .
NP 50020 84-08 2009 2368
K 540-28 8667 2048 1838
NK 503-60 7432 1790 17-55
PK 415'56 ‘6515 190-4 1641
NPK 48337 7211 1818 1906 \
Total  3,851-52 592-40 L5011 —
Mean 48144 74-05 1876 18-90 -

The primary damage caused by shot-
. hole borer is the formation of galleries in
the stems. If that were all, the boring
beetle could be regarded as a minor pest,
but unfortundtely, the damage does not
end with the boring of galleries. The
presence of galleries weakens the stems
and they tend to break in high'winds and

during plucking; the fracture always ~
occurs at a gallery. The- loss of leaf-

b"é'aring branches must cause a loss of crop;
that is probably the greatest damage
- resulting from shot-hole borer attacks. It
ig not the only damage as, during pruning,
hranches are apt to break at unexpected
places, and after pruning, diebacks are
likely to be prevalent because of injury to
buds. Also, there are grounds for suspi-
cion that wood rot is -increased = in
the frame following the boring by

beetles. Nevertheless, the breakage of
branches is the principal damage occurring »
during the plucking season, so a count of
the number of broken branches affords -a
fair measure of the damage from borer
attack. In this experiment the number -of
broken branches is used as a measure+of
the damage done.

~ In previous work *r%® Jepson attemp-
ted to determine the efiect "of manuring
on the incidence and -control of
shot-holeé borer. In that work no account ,
was taken of the yields obtained from the ,
experimental plots, nor was any direct
measure made of the damage done,
Galleries were counted and classified;
estimates were made of the beetle popula-
tion in every plot, ands conclusions werg
drawn. from such observations. In this
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experiment, the angle of approach to the
problem is entirely different, and although

~ observations similar to those made by

Jepson were taken, they are regarded as
of secondary importance. The measure

- of bush vigour I8 yield, and that of damage

ts the number of broken branches. The

- problem is to- determine how improved

vigour, ie., increased yield, affects the
amount of damage as measured by the
number of broken branches,

The experiment was designed and
laid out by Dr. T. Eden with the object
of determining the effect of manurial
treatments on the yield of tea in a shot-
hole borer infested area of the Passara
district, at an elevation of 2,300 feet
{approximately) above sea level. It con-
sists of 4 blocks each divided into B plots
of approximately one-tenth acre in extent.
Eight manurial treatments were applied,
s0 that each treatment occurred in every
block; the blocks are replicates so far as
treatment is concerned. The treatments
were (1) no manure, (2) nitrogen alone at
the rate of 40 lb. per acre, per annum, (3)

potash alone at 40 1b, ver acre, (4) phos-
phate alone at 30 1b. per acre, (5;

nitrogen and potash together - (8) nitrogen
and phosphate, {7) potash and phosphate
and (8) a complete mixture of nitrogen,
potash and phosphate. Whers more than
one element was used the quantity of eaéh
was the same as that applied alone in
treatments (2}, (3) and (4). The letiers
0. N, P, and K. will be useq to designate
no manure, nitrogen, phosphate and potash
treatmenls respectively in tables and
figures. '

The plots were pruned on Septe_mfler
2nd. 1940. Plucking started on Decem-
‘ber 13th, 1940, and was continued at
weekly intervals; the crop from each plot
owvas weighed . and recorded separately,
Manyres were applied on March 5th, 1941,

g

‘and again on April 2nd, 1942, The first

collection of broken branches was not
made till January 3ist, 1942, when 2,689
broken branches were removed from the
entire area (3.2 acres). This collection
included all branches broken since the
plots were pruned. Furfher collections
were made wéekly after each piucking
when the number from each plot was
recorded. Yield and breakage records
are being continued during the third year.
hut the data here discussed refer to the
first two years from pruning only, ub to
and inchuding the records ol October 2nd.
1942, Reasons for extending the second
vear from pruning beyond the correct
date, September 2nd, will be given later.

Although the areas selected for the
experiment were as uniform as vossible.
it is certain that all the wvlots were not
eaually fertile. ie.. they would not have

given exactly equal yields if treated
alike. But as eight different ({reat-
ments were applied, some of which

would improve soil fertility more than
others. it is not surprising that the cron
harvested from the individual plots differs
markediy. The highest vield was 171.86
ib. and the lowest 89.88 lb.; other oplots
gave yields between these extremes. Simi-
larly, the largest number of brokenr
branches collected from any one plot was
2,531 ; this plot hanpened also {0 be the one

« which gave the highest.vield. The smallest

pumber was 1,334 and thai was from 2
plot which gave only 80.15 ib., the lowest
but one of ail yields. It would be unwise
to draw any conclusion from the few data
vet given, but they do indicate that if
there is any relationship ‘between yield and
the number of broken branches, it is nof
thé one expected. namely that the smallest
number of breakages would be found in
most  vigorous, highest vielding plots.
But there are 32 plot results to be consi-
dered,
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A simple method of comparing all plot
results is by expressing the data diagra-
matically as in Fig, 1. There, each plot is
represented by & dot and the position of
the dot is determined by the yield and
number of broken branches collected from
that plot. The height of the dot, measured
vertically and to the scale given on the
vertical axis, represents the weight of crop
narvested ; its distance from tne verticai
axis, measured to scale horizontally,
represents the number of broken branches
cottected from that plot. Every plot is
represented in the diagram. At first ing-
pection it may appear that the dots are
scattered in  a somewhat haphazard
manner, but if one attempts to draw a

straight line so that it will pass as close

as possible to all dots it will start some-’

where near the bottom left-hand corner
ana slope upwaras lowards the upper
rigni-nand  cyrner, much as thé lne
gwven 1 tne ngure aces.  Of  course
‘numerous lines can be drawn by eye
but tney would not ail be equally good.
‘i'ne one shown in the figure has peen
vbtained by calculation and it has a definite
meaning., It means that if all the dois
represen'ung plois were all on that line,
‘not merely near it, every rise of 10 Ib. in
yield would be accompanied by an increase
"ol W in the number of breakages. By
other sloping line can be interpreted in
similar terms though each would represent
a different number of breakages per
increase in yield of 10. lb. The ncarer
all the dows are "to- the line the more
unportance can be attached to the values
given by interpretation of the line. As in
_this-instance few dots lie very ¢lose to the
line and others are more or less distant
from ii, no great imporlance can he
attached to the values stated above. Never-
theless, the diagram suggests that as the
vield increases s0-does the number of

--breakages, ° =+ *
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So far, particular treatments have not
been taken into considerailon. As there
are four replications of each treatment, the
data from plots treated alike may be added
together. The totals so obtained are given
in 'fable 1 ; each ireatment resujt now
applies to the area of 4 plots, viz. 0.4 acre.
Tue results can be pul wnto aiagramatic
wint as 1n kg2, tne lewcrs apove each
Qol 1naicaie tne reaument applied to tne
plots. From the diagram it wil be imme-
wately evident thadi tne trealments giving
ine lowest ylelds (U, PK and V) have given
e sMauest mumoer of broken oraucnes,
wille wreatmenws K, N, ana Ny giving inc
hignest yields have also suftered the
greatest uamage. ‘There is lilile diriculty
i arawing a scraignt line such as the onc
sgown §0 unat 1L will pass close 1o all dots.
LBUL for tne KX and Ny results a sciil detter
g Line rmugne pe arawa.  'lne lne
given represenw an inerease ot 18U oreaks
It EVERY 10CEEasE Of 1U 10, 10 Y1€1a. ‘tuere
Cafl DE 30 QUUDL LM LIese resulls thdi, 41
general, wne larger number of broken
wrafCues Nus Deen removed from plots
giving Lne nigner yleias.

‘i'ne  plois  which received potash
MmdiUres amle Yielueu Lhe ldrgest amolai
Wl Ciup, LIS uues NOC INedn nal potasn
uad e greacsst ey €cr vl YIE1a dna ulreak-
«EES. INE pows wiln v manure  gave
ag2.28 1D, an0 (uose Manurea witn puiasil
alone gave oav.zZo.  lne Quperence, 1uvs In.,
gives one esumate Or e emect ot e
potash manure.  Anotner, equally vald, 1s

‘ugtamed Dy sutuuwcung e yred ot wne o
trom.

pPi0ws Ianured witp nrogen only
inose wnich received nitrogen and potash ;
the gifterence 1§ — 23.81 Ib. [n the presence
of nitrogen the potash appears 0 have a
detrimental effect, reducing the yield- by
that amount. A third estimate can be
obtained from the P and PK plots, and
again the potash had a detrimental effect,
viz. —33.26 b, For a fourth estimate the

NP and NPK plots are used and again the
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TABLE 2. E
E‘.fx’ect oI N xtrogenous phosphate and potash manures on the yxeld and damagé
. caused by shot-hole borer
Y;_elds in ib. Broken Branches
: 5 o
With Without Increase Increase With Without Inerease Intrease
" Nitrogen— -+ 2,014'58 183694 7764 97 | 31035 28205 2830 10:0
Phosphate  1,847:95 200357 -15562 - 78 28806 30434 —1,628 ~53
Potash 194281 190871 3410 w7 2825 2416 A0 14
Galleries per 400 branches % Healed {zalleriés
_Jaaleries ol - g :
With Without  Difi - Diff. With Without Difl.
Nitrogen - 7423 7588 - 16§ ~22 1927 1852 -1
Phosphate  “760-0 7411 189 26G 18:57 1822 135
Potash 7560 7451 109 15 - 1784 19-95 - 21l

addition of potash
nitrogen and phosphate has resulted in a
decreased yield, viz. —16.83 1b. Putting
these estimates together the iotlal effect of
potash is shown to be an increage in yield
of only 34.10 lb. It should be noted that
all plou results have been used 1o obtain
ithis value, naif of them received potash and
ine other nalf did not, so that incredse ol
32.10 Ib. has been obtained from an area
of 1.6 acres. ‘'l'ne effects of nitrogen and
phosphate can be obtained in a simuar way.

. Ine results affecting yields and bxeakagcs

are given in Table 2,

Cutnparisons of the effects of all three
manures on yield and breakages are easily
made from ‘rable 2, and it 13 remarkable
that whatever effect the manure has on
yield, a similar and almost equal effect is
ubservable in the number of breakages.
[From the table it will be seen that nitrogen,
not potash, ‘had the greatest effect in
increasing the yield and also in increasing
the breakages. These results leave no
doubt .whatever that the inducement of
vigour as. mMeasured by yield does not lead

or the presence of .

- weight of 100 branches wag 5.77 )
69,290 branches were collected from the

to a decrease in the damage caused by
shot-hole borer. On the contrary, an
merease in yield is accompanied by ‘a
corresponding " increase in the number of
vreakages. .

Obviously, the breakmg of brdnnhea
cannot of itself lead to an 'increase in crop;
1. must have the opposite eftect. T
becomes evident when the size and quantity
of the broken pranches are consldereu
All the branches collected on 5 occasions
were weighed, and from the results given
in lable 3, it will be seen thdt the mean
5.77 ib. In all,

area duzmg the firss two years from prun-

"ing, which 1s equivalent to'18,512.5 per acre.
weighing 1,068,17 1b.  As 6,000 lb. is a fair

weight of prunings removed from an acre
of tea ‘during normal pruning operations,
it becomes evident that approximately
17.8 per cent. of crop-bearing branches have

been lost at some time or other during the .

two .years. That loss may have reduced

the cropping capacity of the byshes by gs,
. much as 8 or 9 per cent.

That the breakage

e - i
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of branches has caused some loss cannot
‘ve doubted. It secms .strange, therefore,
that the plots which lost most branches
nevertheless gave the greatest crops.

The manurial trealments which
umproved soil " fertility would cause an
increase of the harvest, but what has here
been measured as increase in yield due 1o
treatment is not the true increase. that
would occur in the absence of shot-hole
borer, but only what remains of it after
the loss trom increased borer damage has
peen deducled. ‘L'his may well raise ques-
tiens concerning the econunmics of manuring
in snot-noie borer iniesied areas, but we
£nall NoL cuncern gurselves with tnat prou-
lem here, insitedd, we Mmay attempt Lo ascer-
laun wny manuring snould resuit in an
.ncrease of Insect mnjury.

Green appears to have based his
r .commeunaauon, . aiready guoted, on the
fact that in some gaueries "“ihe mouth of
the tunnel is invaaed by an ingrowth from
tne vigorous camblal ussues.” New wouod
15 Lhen 1ormed, covering up Lhe oid wound,
andg tne plant is able to carry on all its
tunctions without interruption.” Galleries
witht plugs in their entrances are now
Known as nealed galleries, and it is gene-
rally understood itnat healed galieries are
‘fess liable to break than are open galleries,
r.e., without plugged entrances. 'l'ne,nere
presence of a plug in the gallery entrance
15 unlikely of itselt to strengthen materially
the branch at that place and so prevent 1t
preaking. Sgiiething more than the heal-

_ing of a visible 'wound is.required.

So long as beetles are in cccupation of
# gallery they will keep the gallery entrance
-open if for no other reason than to facili-
late emergence; but when a gallery is

vacated the callys growth may block the

entrance unhindered. For this reason
healed galleries must, as a rule, be oider
than open galleries. So long as a branch
is* growing, fiew wood is laid down just

" examination.

within the cambium, outside the circular
gallery. This new wood strengthens the
branch, and as a healed gallery+is older,
it would follow, other things being equal,
that, it has more young wood around it and
the branch is in consequence stronger there
than at a place where the gallery has been
more recently bored. The branch there-
fore becomes less liable to break at & healed
gallery as will be demonstrated later.

At the ena of the second year, on
September 4th, October 2nd and Octo-
ber 30th, 1942, all the broken branches
were removed to the laboratory for detailea
The data coilected have
been amalgamated as though taken at one
time, viz, on October 2nd, the mid-date of
the three, and as being representative of
conditions at that time. For that reason
October 2nd was taken to be the end of
the second year though one month late.
The results or these examinauons are given

.in 'Table 1.

In ail, 4,727 galleries, inclusive of those
al the break were examinea, and 847, i.e.,
i9 per cent. of them were healed. If every
galiery were equally liable to break we
should expect apbout 19 per cent. of the
galleries at the fractures also 10 be healed.
Actually, there were 2,510 broken branches,
but only 156 or 6.2 per cent. had broken
at healed galleries. 'rhe observed number
of healed galleries at the factures is much
smaller than was expected if healed and
cpen galleries are equally liable to break,
sp it becomes obvious that healed galleries
are less liable tc break than are open
galleries. It would, however, be better to
state the same fact in other words, namely,
that the risk of a branch breaking at a shot-
hole borer gallery decreases as the age of
‘the gallery increases.

The rate of decrease in the risk of
hreakage will depend, at least in part, upon
the rate at which new wood is being formed.
it bas been assumed, perhaps rightly that
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TABLE 3 | . _
Number and Weight of Broken Branches - : !

: Date Branches Weight' 'Weig(t)x(i):
Collection 1942 No. Ib. per 1
DA in 1b,
1 January 81 2,689 16978 631

‘ h 2 7 February 7 . 1,183 TUBrsL T 689t T o

17 May 22 1,722 9074 537

32 September 4 1,162 5266 453

36 Octobr 2 643 3192 496

Total Data 7,399 42661

577,

the more vigorous a bush is, the more
rapidly will new wood be formed and
the risk of breakage be decreased. There
appears theretore good loglcal grounds for
ureea’s recommenaadion inat the best way
ot decreasing aamage by shot-hole borer 15
vy improviug tne wvigour of the bushes.
Neverwaeless, the results of -this experi-
ment suggest cnat toere must be a raglacy
in tae argdeni semewhere,

What assumptions have been made,
thougn unstaced, in the arguoment? Firsy,
1t is assumed that an improvement in the
vigour of bushes will not make them
mure or less alracuve 0 the beede.

lt ine busnes become more atfracuve-
more gdller:es -are maoe and ihe’ stem:;‘

nmave  uore  weak'  placeS - in them,

Increased damage would not then be sur-

prising.  Second, there is the assumption
uie wood laid down by a vigovous bush
will be equally strong as that laid down
mwore slowly by less vigorous specimens.
If it is not, the greater number of break-
ages would occur in those plots with .the
. weaker wood when the number of galleries

®

“udvantage of increased accuracy as the

is the same in all plots. The observed
results of  this experiment could be
explained (1) if the manurial treatment
resulted in an increased attack by the
beetles or (2 if some treatments made the
branches more fragile,

We are now confronted with the
questions (1) Were there more borer
galleries in some plots than in others? and
12) Were the branches in some plots more
fragile than in others ? Neither of these’
questions can be answered Wlth any
certainty. .

To count ail the galleries in the experi-
mental plots would be an impossible task.
Jepson counted the galleries, in situ, of a

number of bushes selected- at Tandom—an . o

arduous task and ohe liable to considera--

ble error. Another method® is to ~
prune the selected bushes and count the
_galleries in the prunings. This has the,
presence of every gallery can-be proved..
but it-has an chvious disadvantage in that

it cannot be used in plots from which

accurate yield figures are required. In .
this experiment, broken, branches

ondy e -
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.Wwere eXamined on three occasions as
zlready stated, and the galleries in them
counted and classified.

A moment’s consideration will show
that the largest number of galleries is
‘most likely to be found in the branches
from the ploi wilh most breakages, not
Lecause the galleries are most nuimerous
in tnat plot pul because there are more
vroken oranehes to search. This can be
correclted by expressing the number oi
BuaHenes ds e pumper per JUU branenes,
ds silowil ln lanie 1. L such esumates are
eCucpled as 4 faif measure ot tne numoer
Ul galleries 1n each plow, 1L Must be vourne
by Hhid Wuéﬂ Nidking CUNMPUrisons, tiat
all Pivts  1lave g sditie number Wi
urdlhicaes per push 1s assumed and nowning
iz Kfuwa Lue palicyics U dlbibronva
wrancnes,

L2

To facilitate comparisons, the effects
of the manures on gailery numbers have
veen calCuiated In tne same manner as tor
el eflects on yleld and breakages. ‘I'ne
resulls are snown 1n ‘lable 2 trom wuen
myy D¢ seen inut tne enecis are  very

o Stidll, almust negugibie, and the values
SN0W o oovIous relavonsnlp o yielas.
we ceralnly cannot attribute the increased
number ot preakages in the higher yielding
plots Lo an increased pumber of gallerics
tneir brancnes. ‘There may be markedly
more galleries in some plots Lhan others,
but il so, this method of estimation does
not detect the differences.

The f{ragility of branches, ie, their

@ lendency to break, is also difficult to
- estimate directly. The percentage ol
galleries that have healed can be deter-
mined fairly accurately ; the estimate does
not depend upon the number of branches
used but upon the total galleries counted.
%t"has been"asSurhed that the percentage
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of healed galleries affords a mceasure of
the rate of healing—the higher the per-
centage, the faster the galleries must be
healing. As healed galleries are less liable
to break than galleries with open
entrances it should follow that by speeding
up lne healing process tewer breakages
snould resuli,

The percentages of heated galleries in
the dinerent plots have been examined tu
gewermine Lo what extent the manures
nave speeded up healing. ‘Lhe effect ot
manuring with nitrogen  has  been  to
increase Lne percentage of healing by less
wnan one per cent, tnough its elleci on
breakages was Lo inNcrease wne numoer ol
prosen orancnes by nearly LU per ceni.
‘I'nere 1y opviousiy no relanovnsiip between
ihe numier of iraclured Dranchvs and ine
rate ot pealing or growdh as measured Ly
ine percentage ot galleres nealed as may
we Seed ol laowe 2.7

., The results of the experiment may
now be brieny summarisea. ‘I'ne reslig
£now inat ine greatest number of broken
oranches are tound in the plOlS giving wnc
mgaest  yielas.  Nitrogen  caused o
greatest increase in yiela ; it also caused the
greatest increase in insect damage. These
results are clear and beyond doubt. No
satisfactory explanalion however can be
offered as to the way in which yield and
breakages are linked together, -The results
are in conflict with prevailing opinion, but
50 f;u‘ as the writer is aware, they are the
first published records of yleld and
breakages resulting from shot-hole borer
attack in comparable plots. Admittedly,
cenfirmation is required froin other experi-
ments. This experiment is being continued
during its third year from pruning and it
is hoped that the results will throw further
light on the problem,
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