STUDIES OF SHOT-HOLE BORER OF TEA o

| 2-GALLERIES -
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Many bormg beetles, of ‘which Xijlebo-
Tus fornicatus is one, make tunnels, direular
in, section,. in -timbers. If., the rholes
‘resemble those made. by sma.il s“hot
anything larger than the eqmvalent of a
mnunc‘f . e, *o % am. in d-ampter. the

'”’l“ae-c@ucs yre - ‘w:}mmmnv le:“m“d shot—hn'r"

borérs. Many of them,” mchming their
young, do not eat the Wwood but feed on™a
fungus (the ambmsxa) ‘which grows on thé
walls of the tunnels ; such beetles are often
térmed “Ambfosia” beetles. Theé shot-hole
‘borer aof ‘{ea is also an- ambrosia beetle.
The majority of ambrosia beetles ‘attack
newly-felled trees, 'their liability to attack
lasting for -a relatively short.time, till the

«

‘to ' break . rather

sap dries out, The shot-hole borer of téa
is an exception to this general rule as it
attacks hving stems, and in consequenice
has” becr:»me an’ Important tea pest in
Ceylon. :
2 If the. makyng of t\m*}em in.wood wem.

the scle injury zesulting. from the beetle's

acdtivities, the Pest in ‘tea would be of little
economic importance,
the mechanical strength of the wood, Wwith -

The tunnels reduce

the result- that' infested branches:. tend
easily . during ' such
cperations ‘as plucking, forking  and
pruning, Theloss of branches during:the
plucking cyele results in loss of crop
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though its amount is impossible to estimate

accurately. Other damage, such "as the”
dieback of pruned stems, can also be traced .

‘to the presence of galleries.

Places of .Entry—The egztéance"to a’
gallery (exit is by the same aperture) is

‘seen as a smail round hole, the shot-hole.
Green {1903) first drew attgn@idn to the
fact that the zptrance is “usually at a leaf

© sear “dr immediately below a side shoot.”

Leaf scars can often be distinguished on
tea stems even after the bud has developed

into a lateral branch, and evidently, it is’

a matter of indifference to the beetle
whether the bud has burst and grown into
a stem or not at the time of entry. If,
however, entry is made through the scar
‘before the bud has grown, it is very un-
likely that the bud will grow later. ‘The
Teason for this statement is that although
the bud itself is not damaged, the wood
‘vessels through which water must pass to,
‘the bud to catise it to burst and grow, are
usually severed' during the boring. The

failure of buds to break becomes of

1mportance after pruning,

One method " of demonstf_ating this
preference of the tea borer is by counting
the galleries in. suitable - branches and

noting the numbers at.the nodes and |

between them. More holes are found at
the nedes than would be expected if the.
beetles entered the stem anvwhere, hap-
hazard.! Experimentally, the beetles have

- ‘been tested with suitable severed tea

branches, - the beetles bei.ng; ‘aitowed .

mave freely and-pefzel their gwn places fcr,?'
entry. Of 43 beetles that started tofmake -

galleries! 32 began boring at the nodes,
usually through the leaf scars, and only
11 entered the internodes.

Gallery Formation—The galleries are,
made by females gdon after maturity and

emergence from the parent gallery. Each"
‘which is’

begins with an entrance tunnei,

P

whine dusches

_entrance gallery passes

invariably directed radially towards the
centre of the stem. Later construction
seems to depend largely upon the diameter

.af the stem,

The best known galleries in tea are
those made in stems about half-an-inch
in diameter or less as they are much morgf
common, more easily dissected, and can
studied without completely "destroying
in" the ‘process. In such
stems Green {1903) described and illus-
trated Lwo main types of gallery.

The first occurs mainly in stems about
half-an-inch in diameter. In Green's
words “The beetle first drives a straight
tunnel almost through the branch but
stopping just short of the other side. From
the extremity . of this tunnel it runs a
circular gallery in -an ascending spiral
ahove and a similar gallery-in a descending
spiral below.” . The straight arm, or
through the
centre of the stem ; either through the
pith or slxght!y to one side of it, but always
stops before the' cambium on the far side
is reached. From this end the circular

branches follow the curvature of the woodg, -

cylinder very accurately: they often wm
very close to the external surface yef never
touch it or damage the cambmm

The second type occurs in ihinner
twigs. Again in Green's words “A longi-
tudinal tunnel! may run down or-up the
pith for an inch or .more before the cons-
truction . of the spiral gallery.” In ils
o ~simplest form theré is no zircular arm,
cnly a' longitndinal gallery - in the pith,

both longitudinal and circular or spiral
arms "(Figs. 3.and 6).

Often the circular arms do not form a
spiral, but run in the same plane as the
enitrance gallery, with the result that they
returh to the straight entrance gallery hear

,to the entrance but they always stop just

(Fig. %) but mote frequently a grllery has "
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- middie of the stem.

i1é

short of that gallery and never join it
(Fig. 8). In fact, the beetle rarely (if
ever) penetrates an existing gallery, no
matter whether she or some other beetle
made it. If is just as though she is aware
of its existence and deliberately avoids
penetrating it. (Figs. 7-10). Nor is the
entrance gallery always driven through the
“Tt-often stops short..
soon after the wcod is entered, and the
beetle then turms either to the right or
left and bores a circular gallery (Fig. 9), or
the gallemes may be gpiral and more com-
plex (Fig 4).

All tunnels are circular in sectmn and
very uniform in diameter, just sufficiently
large for the beetles to move easily along
them. They are excavated.by thé female
with her. mandibles (jaws). The wood is

. cut into small strips about 0.6 nmim. long and

0.2 mm, broad, vide Speyer, (1922), and the
the fragments are thrown out of the gallery
to form a small heap of wood dust below
the entrance. s

In thick castor branches the galleries of

X. fornicatus follow the same plan in so far

that they all start with a straight entrance
gallery from which circular  galleries
following the curvature of the stem are
made. (Fig 1). These are mainly in one
plane and at varying distances from the
pith'; rarely aré theéy close to the cambium.
The circular galleries first made start from
the entrance gallery but later ones may
start {rom existing. circular galleries and run
4t different levels.. The galleries in thick

_ tea stems, presumably made by the tea
" borer, are somewhat different ih that the

side branches are not circular and they
“ramify in a branching manner” as-des-
cribed by Green. . (Fig. 2). | e

- Instinct~-Thé constriction of a gallery
is a remarkable - -engineéring feat. The
whole procedure is, of course, instinctive
but-what controls ‘the Instinct 15 & matter

~.are foungi but such.claggification.does not

_here is that the gallery must be sited in 2.

“cut surface never bleeds'freely; and the exu- "

I . |

be 1o :
ctheck the flow of sap without absolth’ o

for conjecture. From what has been said
earlier it may appear that the thickness of
the branch in which the beetle is boring
largely determines the type or shape of the :
gallery to be made, but that cannot be §
entirely true. It may be convenient for an __——=,

bserver to classify gallemes according Jo= g
the diameter of the branch in which the} )

i
ool
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imply that the beetle also is aware of branch
size. That would require an mtelhgence
which the beet.le cannot pogsess

What seems more probable is that the
beetle is able to perceive very keenly small L
changes in some character of the tissues
through which she is bhoring and her
regponse to that stimulus is to align her
body relative to the direction of that change,
much as a moth aligns its body to light rays §
falling on it, and.so when flying is com- "
pelled to move towards the light source.

Gallery Position.~—The positioning 'of i
the gallery is a matter of considerable §
importance to the beetle. Green (1903)
clearly ifidicated his opinion on thé subject
as follows: “The object appears to

stopping it, as the death of the branch would
defeat the ends of the insect. The eggs are
deposited in these circular galleries and the
developing-grubs feed upon the exudatmn
of sap on the walls of the galleries and upon
the delicate mycelium of a fungus that
almost invariably clothes them.” The idea

n.glon sufficientiy’ wet for the-sap to exude -
“into it in-smail quanuues for the benefit of
the young. . .

1

On- physmléglca! grounds there is no
likelihood of an appreciable flow of sap into
galleries. . When a tea branch is pruned the

dation of sap from the cut is hardly
more than sufficient. to wet the surface for
@ very brief period. A pruning cut ‘severs
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all the water-conducting vessels, whereas a
gallery severs, at most, a small fraction of
them. Consequently exudation into . a
gallery is likely to be small and temporary,

Do galleries hinder the normal fiew of
sap, as Green suggested ? Direct evidence

“Bm this point is very difficult to obtain, If,

however, every gallery caused a hindrance

. to the s3p flow.. thougt: eanhy hindrance is

too small indiviGually to cause any visible
sign of its existence, the cumulative effect
of numerous galleries in a heavily infested
branch would surely become evident, and
cause a wilt of at least some of the leaves.

" Heavily infested branches, however, have

never given any indication of water shortage
under normal conditions, nor are attacked

bushes particularly susceptible to drought,.

Whether the young feed on sap exuding
on to the gallery wall is not proven, but it
is certain that they eat “the delicate myce-
lium” and spores of the ambrosia fungus
which invariably lines the walls. So far as
is known the ambrosia fungus forms the
main, if not the sole food supply of the
beezles and their young. That the galleries

,g:ust be sited where the fungus will grow

is, therefore, a matter of vital impor-
tance Failure of the fungus means death
for the beetles. It seems probable, therefore,
that the galleries are sited so that the fungus
may be planted where it will grow best, in
the most ‘'fertile’ part of the stem. The
fungus requires nutrients for growth and
- these-are most readily obtainable in the
region of the cambiumg d,i‘\‘i posaibiy, .

parts of the pith.

In the writer's opinion the positioning
of galleries is dependent largely upon the
Zrequirernents for satisfactory growth of the
fungus, necessary as food. That necessity
is most likely to lead to the development of
an instinct by natural selection. DBeetles
without that instinct (or with it only
slightly developed) are likely to make

‘considerable quantities.”
“Batie

galleries in unsuitable places and so fail to
raise their young. "

Ezrudation from Galleries.—Speyer
(1922) was of the opinion that the exudation
of sap into galleries is appreciable and that
“Excess moisture in the wood during wet
seasons drains out of the entrance hole in
l.ater in the
pepar ko States that ihe 2ruddation is
‘foul smelling.' Other wubservers give no
support to Speyer's vicw that the gallery
normally acts as a drainage channel. Exu-
dations have occasionally been observed,
but always under abnormal conditions:
Rutherford (1914} commented on the exu-
dation of a sour-smelling substance from
galleries in which he found certain flies
{Drosophilids). Jepson (1921} found
galleries containing the flies and mentioned
a ‘putrid odour” but he made no reference
to any fluid exudation. The writer has dis-
cussed these observations elsewhere (Gadd
1941a) and has put forward the view that
the foul-smelling exudation is the result of
a fermentation process which normally does
nbt occur in galleries, and that the flies are
attracted to it. He, therefore, regards the

exudatlon as indicative of a ‘diseased’ con-

dition of galleries.

Why Branches Break. -—That bhorer
infested tea branches should "break is
largely a matter of accident. The fracture
is never: solely due to the presenge of a
gallery : an external force must be applied
to cause the branch to break. Whether a
tranch wilt breek or not depends upcn the
Sollowing factsrs: (1) The diameter of the
branch at the gallery (2) The type of g'allery
and (3) The pressure exerted tfo cause
fracture.

One method of testing whether' a tea
bush is infested or not, is to sweep an

"arm over the bush so that pressure is

exerted against the branches. This usually

results in a number of fractures if the bush

N
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s infested ;
greater the number of breakages. Very
strong winds and most cultural operations
which bring the labourers in contact with
the bushes cause a certain amount of
1 damage in infested fields. Plucking is
perhaps the most important operation
» hecause it occurs most frequently.

Numerous measurements of brangh .
diameter at the fracture have been made.-
. The writer has published elsewhere (Gadd
1944) measurements made in 1942 . and
1943. On six occasions in 1342 more than
5,000 branches were measured ; none were
less than one-eighth inch or more than five-
eighth inch in diameter. Thirty-five per
cent of them were between 2 and 3 eighths
and 30 per cent between 3 and 4 eighths of
an inch. These figures tell little more
. -than the expected, viz. that the thinnest
' branches break most readily. Although
any one branch is relatively small the
, cumulative damage to the bushes is often
extensive.

King (unpublished data} had measured
the diameters of 662 branches broken
during plucking, and the galleries at the
fractures classified according to their type.
The great majority of the branches were

“ again between two and three eighths of an
inch in diameter. More than one third of
the pallerfes at the fracture were c1rcular
without a long entrance gallery, as shown
in Fig 9. Others were simple galleries with
long’ entrances (Figs. 7 or 8), or were of

. more compren tvpe All tad circular arms

"~ runiing in~oneé ‘transverse plarie and” not

" one was of the simple longitudinal type.
The circular gallery was sometimes the
terminal loop of a spiral which had been
made in one plane (Fig. 10).

Breakages also oceur dumng pruning.

Tea wood is very hard and considerable

force is necessary to-sever sound branches

-even w1th a sharp - kmfe A bmnch

L T T e P B

the greater the preasure the

T S
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§
breaking during pruning usually breaks i
below the place the knife cut is started. i
Consequently -the branches broken during ;
pruning are much thicker at the fractures (
than are branches broken during plucking,
The types of gallery at the fractures, how-
ever, are much the same.

m’x"—r:"lf
ol y
.. Other things being equal ease of |
~ffacture will depend upon the am2mt of i -4
undamaged wood left after a gallery has |
been made. On that basis, galleries !
with a long entrance and two circular arms -l-i
should break somewhat more easily than ;
those with circular arms only. The data i’
under consideration, however, cannot be q
used to prove or disprove this point,

because no data are available of the rela- '
tive numbers of each type actually made, i
only galleries at the fracture being ;
recorded. ) ‘

The addition of new wood by new
growth after a gallery is completed must
tend to strengthen the branch and decrease
itg liability to break.

Healing of Gal_tenes.—-"lt will usually
be found that galleries in the lower paxty3
of the stem are unoccupied and that &
exit (or entrance) holes have become oblit-
erated by growth of new wood which coms
pletely shuts off the perforations. This .
blocking of the exit hole is of frequent
occurrence in vigorous wood, and usually
— though not invariably — results in the !
death of the contained ~insects.! ‘This
quotatzon is taken {rom Grg#n’s imporiant
“édecount of the gshot-hole borer of ‘vea {(1903). -

It conizins one rather glaring: contradiction.
In the first sentence he ‘speaks of the
galleries being *unoccupied” and in the .
lagt of “the death of the contained insects.”
A later pissage, however, makes evident
his opinion that beetles can be trapped and
killed in their own galleries. “I have
repeatedly observed that a vlgorous condi-
mon of the plants results in an obhterat:on

. -—\ ) *
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of ‘the ‘earlier perforations and a tendency
to choke out the insects that have more
recently gained an entrance mto the
branches "o :

Speyer-,_(lszz) ig sc;mewhat inore d_eﬁ?
ite,
'c-amblal layer is sufficient to heal over a

- tunnel in “process of construction, ccn{am-
" ing 'd sihgie feiale beetid, thé ifsect may’

sometimes have time to leave the tunnel,
but often is entrapped and being unable to
turn round in the tunnel, so as to force the
entrance with its mandibles dies within
it.” = 'This statement implies that  the
entrance to a gallery may be sealed up
even before the gallery is completed, before
eggs can be laid and a family raised. Green
may have meant the same thing when he
referred to “insects that have more recenti i/
gamed an entrance "

, he suggestmn is that beetles may be
‘trapped. alive. ~within the galleries. But
why -young females only should be so
entombed is not obvious. Speyer's expla-
nation that “normally at.any rate, injury
to the tissue is sufficient to prevent healing
s tong as the insects are developing in the
gallery” does not help materiaily, as he
leaves -unexplained ‘what injuries young

developing inisects can produce that adults, -

¢apablé of bormg through w%mnnot
make‘

.In the writer's opimon both Green and
Speyﬂr have miginterps reted their observa-
tigng, . Jebson [1‘)20 ) made somewhat
SiIﬂlldl" observaticns and indicated the main
d.ifﬁcu}ty of interpretation. He wrote

“Instances have been found where female
beetles occurred dead and. imprisoned in a
completely healed, or in an
advanced process of healing, but.there is
no evidence to indicate whether death had
occurred before, or after, healing had com:
menced " Neither Green nor-Speyer claim
to have seen living beetles in a healed

f

He states “When the vigour of the

gallemes

gallery. A dead female is often found
within a healed gallery, but as a parent

female is reputed to die in her gallery after.
her young have departed, the presence of

her body in a healed gallery should not
occasion surprise. . :

A matter which must have a bearing
on the question whether heetlez can be
trapped’ alive 18 the time normally requiced
for a gallery to heal. Before discussing
that problem it seems advisable to consider
the process by which galleries are healed.

Healing.—Enveloping the  woody
eylinder of a stem is a thin delicate tissue
termed the cambium which by active cell
division forms wood cells on its inner and
cortical cells on its outer surface. Increase
of a stem's diameter is due entirely to the
activity " of the cambium. The entrance
tannel of a gallery runs right through the
cambium.. That is the only injury inflicted
on the cambiuin ; it is small and does no
appreciable harm. The cambium continues
to divide and the stem to increase in thick-
tess” stowly, In addition, the cambium
attempts to heal its wound by latera! dut—
growths of cells, .usually termed “callus.’
The callus from opposite edges of the
wound ultimately meet and fuse together,
and, so, form a plug in the gallery entrance,
T};e ¢ambium "reforms in this tissue and

again becomes an unbroken cylinder. -.In .

this way the wound becomes -completely
healed and the entrance to the gallery is
tepled off. . The obliteration of gailery

‘eritrancés_is .therefore the normal process

of healmg, and consequently. those with
plugged’ .entrances are termed ‘healed’

The callus. which plugs the entrance is
much softer than wood, and 4 female beetle
should have little or no difficulty in keep-
ing the gallery entrance open. The beetle
normally ejects wood fragments, ete. from

the gallery by pushing them out with the -
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hind end of her body because she always
faces inwards and cannot turn round.. If
she wishes, she can leave the gallery and
so bring her mandibles into ‘action to
remove . callus growth should . that be
necessary. Her Lody, particularly the
thorax, is rough and might even be used
ag a rasp to remove callus at the entrance.

-CGreen, even suggested. that her rough body’
.might be used in helping to excavate the
tunnel.
*" any reason why a beetle should be phys-

There dees not, therefore, appear

ically unable .to prevent a slow growing,
relatively soft tissue from blocking the
gallery entrance as Speyer suggested.

Time for Healing-—--Wounds on tea
stems do not as a rule heal rapidly as com-
pared with those of many other irees.
Moreover there is a good deal of variation

- amongst tea bushes themselves as regards

the rate at which their wounds wiil heal.
It is not uncommeon to find individual
bushes with almost all their wounds par-
tially healed while others immediately sur-
rounding them give little evidence of
healing. Such observations not only indi-
cate that the rate of healing of gallery

" 115 days (or 4 months).

v

entrances varies from bush to bush, but .

they also throw doubt on the reliability of

‘using healing as a measure of vigour.

Speyer’'s statement that a gallety
entrance may become obliterated before the
gallery can be completed suggests -an
extremely rapid rate of healing for tea, as
a gallery may he made and eggs laid in so
short 'u. lime as 10 diys:
Speyer, ‘entrances  to galleties disappear
almost entirely four months after pruning.
This observation, however, must refer to
galleries present in the frame at the time
of pruning, but it clearly indicates that the
plugging of galleries is not a rapid process.

King ¢ 1940} attempted to ascertain by
direct observation- the time elapsing
between the - formation and healmg of

Wormally wvide.

ther

galleries. His published data refer to 113
days’ observation during which time only
16 per cent of the entrances (i.6., 8 out of
49 galleries observed) healed. The shortest
time observed.was 36 days, but unfor-
tunate.ly no information is given regarding
that gaIIery (and others), artmularly,f‘"
to whether it was occupied by the beetle or
young . when

it hefore completion. Such galleries would
be expected to heal most rapidly because
of the absence of a beetle to keep the
entrance open, The data, however, show
that the normal time of healing exceeds
In another ex-
perimnent 500 new galleries were observed
for various lengthg of time but only 4 were
ocbsérved to heal. The closing of these
galleries occurred when they were 45, 59,
62 and. 65 days old, respectively. These
galleries were dissected and found to be

‘empty, the parent females and their families

(if any) having gone, evidently before the
entrance was closed.

The writer has attempted to estimate

the mean-time between gallery formatior

and healing by indirect methods. Th
was based on Jepson’s data (Gadd and
Jepson 1926) and the second (Gadd 1941b)

on data from another area collected during:

a plucking experiment. For detajls of the
method used the original papers should be

. consulted. The first estimate gave from

3.2 to 43 months; the second was some-

and their young normally occupy” gailerles
and inditate that entrances are not nor-
mally sealed off before the inmates leave
the galleries.

, These results give no support to the
view that by rapid healing, heetles may he

‘teapped within their galleries. They indi-
cate a probabxhty that the beetles can and

do keep thes entrances open as long as is

=

: healed.. .Béet.les will e
sometiios begin a gallery and then desert

what Jonger, viz. ‘791 weeks.. “These values' ., |
are greater than the period. whmh beetles -~

g
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necessary., Healing, therefore, . has 'no
direct value in the control of * shot-hole
borer by limiting the time a gallery can be
occupied by a femule and her family.

. Healing and Breakage.—CGreen was
er “sanguine of finding a radical cure
fof this pest.” His advice was summed up
in the words “Keep the tree in a vigorous

~"condition and it wiil fight it cwn bauies,

A provided it is relieved from constant rein-

- suggested an answer.

fection.” How can the bhush fight its own
battles if it is unable to trap and kill the
beetles invading its tissues ? Jepson (1920)
He, drew attention
to the fact that in some fields the percen-
tage of healed galleries is very high and
gave a figure of 96.0 per cent. He regarded
gallery occlusion or healing as a process by

particularly his atiempts to ascertain the
wvalue of manures in the control of this

pest., .
Does healing so strengthen a branch

‘that it will not break at the place where

a borer has invaded it? It has already
been shown that the ease of fracture
depends largely upon the diameter of the

_oranch and thelshape of the gallery in the
‘branch.

Tt seems preferable to alter the
guestion to “Does the healing of a gallery
strengthen the branch and so diminish its
Hability to fracture?” The data given
in Table 1 will supply an answer to t}us
question. .

During 1945 and 1946 broken branches
were collected weekly from certain experi-
mental plots, last pruned in September,

TABLE, I ‘
Hea]mg and Branch Fra.cture .
Galleries _Gal.lerias at Unbroken . l
examined fracture Galleries
Healed  Healed | Healed
Total  No. 9, Total - No. - 9% = Total - No. -9
1ige : f . . ‘
March 14 993 208, - 209 ~ 451 29 64 542 179. 330
April 4 1161 198" 171 602 37 &2 559 ' 16k 288
April 25 ' 1168  295. 252 508 52 -’ 102 660 243 - 368 -
Total 3322 °.700  2ri_ 1561 - 118 76 1761 583 . .33
1946 ‘ SR - -
March 13 784 575 738 281 181 644 503  -394. . 783
Aprit 3 664 £47. 873 234 132 . 564 430 315, 723,
April 2% 270 74 . 7l 182 83 644 238 182 79
*. Toetal 7181'8‘ 129§- 713 647 398 . 615 1171 .88 767
which “severely damaged branches could 1943, in the Passara district. The branches

be completely restored to their former sound
condition, weakened branches becoming so
strengthened that they could not be frac-
tured at the point where the stem had been
invaded.” These observations markedly
influenced the direction of hig later work,

were collected and counted weekly, and on
occasions, the galleries at the {racture were
classified ‘as healed or open. On: thése
oceagsions all other galleries in the broken
branches were counted and - similarly
recorded, The data given in Table [ refer

g
. {

&
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to three such occasions at 3-week intervals
in 1945 and similar observations at the

© -nearest correspond*ng date in 1946. On the

three occasions in 1945, over three thousand
galleries were. examined of which 21L.1 per
cent had healed entrances. If all galleries
are equally liable to result in frac-
tures, no matier whether the gallery-is
healed or . not, we shqu}d expect to find
dlout’ Zi per cevt of 'the ‘galleries at"the
fractures to be heiled. Instead only 7.6
_Tper cent of the galleries at the fractured
ends of the branches weré healed, whereas
of the galleries at places which did not
break 33.1 per cent were-healed. On each
occasion the results were similar and the
gbserved differences (from expectatxon) are
toc large and too consistent’ to be due solely
ta chance.

During the corresponding weeks in
1946 the breakages in the same area were
smaller in number, 647 as compared with
1,561 in 1945, but the percentage of healed
galleries 'was greater. In this period 7}43
per cent of the galleries were healed as

.. comparad with 21.7 per cent in 1945, and

again fewer healed galleries occurred at the
fractures than would be expected if healed
and open galleries were equally likely to

,ocause breakage We must, therefore, con-

clude that although healed galleries remain

Iiabie to break, they are less likely to frac-

.“ture than galieries with open entrances.

.H

Percent.age of Healed Gallﬁﬂes.w

Befare.leaving-the data .of Table I the ques:
tion - might be” a:ked Why was there-a:

larger percentage of healed galleries in"

1946, the third year from pruning, than in ",

1945, the second year from pruning?
Was the process of healing speeded up
during the third year? Or can other
exp]anatmns be oﬂered ?

Jepson mterpreted a high percentage
of ‘healed galieries as an .indication that
. Stimulation, or speeding up of thé process

3

-

- year ;

=

bad occurred. He wrote {(Jepson 19520}
“The greater percentage of healed galleries
observed in the bushes which had been
pruned, as com_pared with those which had
been allowed to ‘run up' appeared to indi-

cate that this process of healmg had been ‘,,rr—f'_‘

further stimulated by pruning.”] This line~
of reasoning prompted his work on the

value of manurgs in shot—hole korer control.
"*If the process. (healing) is ot evident at’

all seasons but only follow:ng manuring,
it will be’important to discover the parti-

cular mgredlent or element whmh assists
the process

There is; howwer, another interpreta-

tion of a high percentage of healed galleries

which appears .to -have been overlooked.
Let us suppose that for some reason or
other, attack by beetles ceases altogether
after a time. No new galleries would be
formed, but the entrances of existing
gallerles would gradually become oblite-
rated at the same rate as before the attack
ceased. . The percentage of healed galleries
would consequently inerease gradually to
100 when all entrances would bé healed

L
over. An increasing percentage of healsg/

galleries may!, therefore, mean a diminut

or even a cessation of attack by the beetles.
This question will be discussed in more
detail when the medsurement of attack is
considered. For the present it is sufﬁcient
to show that the increased percentage of
healed galleries in 1946 does not necessarily
mean that healing was speeded up that

“does, suggest that.the-attack decreased, if
it did not actually cease, in 1946, the third
year from pruning.

‘Why Healed Gaileries are less liable to
Cause Breakages.—The mere presence of a
callug plug in the entrance of a gallery
cannot strengthen materially a branch at
that point, so other reasons to account for
the observed facts must be looked for, A

~

it-may;' and-'in the writer's opinion .

*



-with an open entrance will have.

WS
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gallery with an open entrance. may bé of
recent formatxon and contain-a beetle and
her young. = It mhay, however, bé somewhat
older ;: the brood may have’ departed A
healed gallery is gererally elder stiil.

fact that a gallery entrance is obhtex*ated is,

'-""‘.herefore an indacatlon of its relative age

The prcsenc;a. of gallen_es-dces not.pre-

rent-a-stem [rom growing in- length o -
g Yol =4

increasing in diameter. Whether a gallery
entrance is gpen or closed is immaterial,
the stem continues to increase in girth
owing to the formation of new wood on the
exterior of its- woody cylinder. Other
things being equal a healed 'gallery, merely
because it has existed for.a longer time, will
have more new wood formed outside:the
gallery than a'more recéntly formed gallery
The new
wood gives added strength to the branch.
Consequenily healed galleries are lesk likely
to tesuit in. fractures than are open
galleries:- It would perhaps be better to

-express the same idea in words relating to

age-and not to healing. Old galleries are
leds likely to lead to branch breakage than
cung gallemes other things bemg equal

ﬁlanu{es and H ealing. _Other thmgs
are not equal if a gallery in a vigprous bush
is compared with another in an ili-nourished
s’low-growmg bush. The simplest way of
mcreasmg ‘the vigour or rate of gwwth of
a’ bush is by suitable manuring. ansg;
quently it would appear that by .suitable
manuring the time during which a hored
branch is L!w!y to bres¥. ran b diminished.
Maat in turn might lead to a reductwn m
the number of breakages occurring in a
given area. Jepson held this opinion. He
wrote {Jepson and Gadd 1926, p..10)“One
way of meeting the difficulty (breakages
during plucking and. other operations) -is,
therefore; to sp improve the vigour of the
bush as io induce fhe rapid healing over

. the gallery -entrance holes and-to lessen the

a

tendenéy of the branchés to break.”  He
collected data concerning the healing of -

‘galleries from’ controlled experifments, and

the present writer analysed the results. T
then wrote (p- 47) “These experiments show

‘that' nitrégen, potash and phosphoric acid

all tend individually to promote the healing

-of g'al}ef:es "

Tie guestics the qup*;ments did- not

answer, because no data was collected
affecting it was “Does the use of manures
reduce the loss of branches 7' It was gene-
rally assumed that where healing is accele-

rated a reduction in loss of branches must
follow as a natural consequence, but. the

question was not tested by direct experi-
ment till much later, and the answer was
surprising. The numbers of - broken
branches collectied from experimental

‘plots in '1945-46 (Gadd 1943, 1944a and b)
‘were ‘greatést in "the piots giving 'the

heaviest’ ¢rops. ~ Nitrogen caugsed the
greatest increase in yield; it also caused
the greatest increase m ingect damage

+,. The- effect of manures,-on breakages
will be discussed more fully later. This
section anay, therefore, be terminated. with
the . staterment that, although manures
increase the - grqwt.h rate of bushes and_,
accelerate the rate of healing of gallerles
they do-. not diminish -the. damage as-
measured . by .the numbers of . hroken
branches. Damage may increase as a con-==
sequenc& of their use. 3
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