NUTRITION IN RELATION TO DISEASE
G. H. GADD DSc.
PATHOLOGIST

At our First Conference held at
Peradeniya 20 years ago I spoke on the
relationship between food reserves and
disease in the tea bush. Today, probably
the last occasion on which T shail havesthe
honaur of addressing you, T want to revert
to the same subject and to show its bear-

mg on prcsent-r‘a ¥ problems

l“ust T must remind you v~hat the
food of a tea plant is. It is not the stuff
you get out of manure bags, but some-
thing quite different. You can- see 1t
hest as the kernel of a tea seed. It con-
sists of carbohydrates, protein and oil,
All seeds contain similar foods to give the
young plants a start in life; later they are
able to make the food for themselves from
» Materials obtgined from ilp air andesoil,

-.and plant.-

Although green plants only can make these
foods from simple materials they are
required by all living things, both animal
All animals and non-green
plants are dependent, either directly or
indirectly, on green plants for their food
and consequently for their existence. The

- struggle for existeice is largely a food hunt,

and much of what we call disease is merely
a result of that food hunt,

The siruggle amongst green plants is
not for the elaborated food hut for con-

ditions which will permit them to -make it..

Their requirements are (1) - the raw
materials and (2) the power or energy for

the processes. The necessary energy is-

obtained from the sun as light — so green
plants must have a place in the sun, The
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raw materials are obtained from the air
and the soil. Some of them are supplied
to crops as manures which are often mis-
takenly thought to he the Kkind of food
plants require. Of the crop harvested, 40
per cent, of it comes directly from the air,
50 per cent. is derived from water, leaving
only 10 per cent. ag nutrients derived
frem the soil and the manure hag.

But neither the energy nor the mineral
nutrients are of any use unless the plant
has well-equipped {actories in which o carry
out the complicated processes. These fac-
tories are leaves. Without leaves, a tea
bush can no more manufacture food than
an animal can, no matter how much raw
material and power are available. Leafless,
it. still requires food to maintain life. and
considerahie quantities of it to build new
factories in which to resume manufacture,
Unless the leafless Dbush has food in
reserve for such an emergency it has ho
chance of survival. When a bush has a
full canopy of foliage the presence or
absence of a food reserve is of no immediate
importance,

The food when made is either used
immediately for further growth, ie., for
the development of more leaves, or it is
stored for later use. Some bushes are
inherently more thrifty than others and so
put more food into reserve. Climate also
hag a marked effect on the amount of food
stored in a tea bush. Up-countrv bushes
store wore ‘than these grown in the low-
country, and for that rcason. deaths after
pruning oceur most frequently at low
elevations. Such deaths can be avoided if
the bushes are pruned in such a way that
they are not denuded of leaves. That is the
20-year-old story, . but it is sometimes
{orgotten,

The tea industry is fortunate that few
apimals, other than men, and fow non-
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green plants have any great liking for fea

leaves. That is not because our tea
bushes are superbly healthy ; it is just that
tea apparently is not a popular item in
the food hunit But there is one non-gogen
plant which has an extraordinary liking for
it. So great is its liking that so far as we
can ascertain it will feed no nothing el&e.

T refer to the fungus Exobasidium veians,

th« cause of Blister Blight. That fungus
lives on tea leaves, but T see no reason to
believe that it will feed only on leaves of
undernourished bushes, nor can I believe
that the majority of bushes in Ceylon
suddenly became debilitated in 1946. The
simpler and truer explanation of the viru-
lence of the disease is that the tea bush
is the natura! foed plant of Erobasidium.
Consequently it connot bhe controlled by
more manure or different manure or any
other such-like simple way.

The most destructive form of plant
discase, as Ceylon knows to her cost, is one
which attacks and destroys leaves. So it
was not surprising that the advent of
Blister Blight created considerable alarm.

Experience during the last two years
has allayed many fears, and has shown that
the exlent of the damage caused by Blister
Blight depends largely upon the manner in
which the bushes are treated agricul-
turally. i

-" " The usual m'e_tho'd' of protecting plants"

against fungus leaf diseases is by coating
them with a thin layver of poison to kill
the invading parasites before they can do
any harm. That treatment is protective,
not curative, and must be carried out just
as soon as weather conditions begin to
favour the parasite. The poison is applied
either as a watery spray or as g, dust.
Dust are as % rule less “efficient than
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sprays against fungi. Sprays are used in
nurseries with good results but their gene-
ral use in tea fields is debarred for well-
known reasons. Even i those difficultics
and tobjections could be overcome, it is
doubtfu! that spraying would ever be an
ecrnomic form of contral of Blister Blight
béd.ause of the frequency at which
spraying would have to be done. Contrnl
measures must, therefors, Ge based on
principles derived from a knowledge of the
fungus and the bush,

One of the most important characters
of Ezobasidium vezans, the Blister Blight
fungus, is its inability to invade and feed
upon fully grown leaves. Tor this reason
the fungus, by itself, is unlikely ever to
kill a tea bush, unless climatic conditions
favour the fungus all the year round, If
tea hushes were grown for their fruits and
not their young leaves, Blister Blight
would probably not be regarded as a
disease of major importance, Tt is because
the bushes have to be plucked and stimu-
lated to produce abnormal amounts of
young leaf, that Blister Blight finds our
tea fields such a fine place for its food
hunt. Logically the best way to control
Blister Blight is to stop plucking. Although
that is not practicable it should direct
attention Lo the importance of pluckmg in
the control of the disease.

The importance of the leaf in the tea
bush’s economy was certainly recognised
by thie plan.ers whe devised he {ormula
“Two leaves and a bud for the market and
one full leaf and the fish leaf for the
bush.” That formula proved to be an
exceilént working rule before the advent
of Blister Blight and it still forms the
standard for Ceylon plucking. Tf bushes
are plucked to a lower standard, it is usually
on somebody else’s estate. Now that
Blister Blight 15 in the field as a raider we

may ask “Whose share of the spoils does
it take ? The market’s or the bush's?” As
the fungus attacks young leaf only it may
appear the market’s share is the one to be
raided. But before that answer,is accepted
it would be well to look further into the
question and see how the fungus operates.

When white blisters are very numerous
in the felds. the air contains a wsigantic
nurmber of spores as microscopic dust which
is slowly deposited on everything. Each
blister liberates about a million spores per
day, but fortunately they do not all fall on
tea bushes. Where the spores lodge they
stick. Tt is also fortunate that the spores
which fall on a tea bush do not all germi-
nate as they are relatively short lived and
a few hours’ direct sunshine kills them.
They survive best in cold sunless weather
and they begin to grow when wetted by
dew, mist and rain. At one time it was
thought that the young fungus entered
the leaves through the breathing pores
{stomata), but it is now known that it
makes a forcible entry through the. cuticle
and cell walls. The fungus, however, is
unable to force its way into all leaves, even
of the tea bush. Our experiments show
that, normally, the leaf enveloping the bud
and the first from the bud can be infected
quite easily, but as the leaf ages, it becomes
increasingly difficult to infect. As a rule.
the third leaf from the bud cannot he in-
fected. Of course blisters are often seen on
thied and even older leaves but 1~ muw: be

-remembered that a white blister takes about

three weeks to develop.

Now let us assume that conditions are
favourable for heavy blister atta_'ck “and
that.all leaves are being infected as they
unfold from the bud. For about a week
the unfolding leaf shows no visible sign
that it has been infected. During that time
the shoot has clongated and another leaf
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is unfolding. Our first infccted leaf has
now become the second from the bud
and is perhaps showing some trans-
lucent gpots hut no sign of blister proper.
About three weeks after the start of the
attack our first infected leaf iy carrying
white blisters, but by that time it has pro-
bably become the third leaf from the bud.
Al this stage the plucker arrives, and takes
two leaves and a bud leaving the third
well-blistured leafl as the bush’s share.
That leaf is probabty of no more uvse to the
bush than it is to the tea maker.

If you have followed me this far you
many well ask “Why should the shoot be
allowed to grow until the infested leaves
develop blisters "7 It seems more reason-
able to take the leaves to the factory before
they become unsuitable for manufacturce
and to leave nothing for the bush. This is

the basis of the Institute’s recommendationt

to-pluck at short intervals and to pluck close!
during periods of severe infection.
the young growth above the plucking table
should be harvested. The plucker's hands
should not enter the bush nor should young
growih be taken from the sides of the bush
below the plucking table. This apparently
severe form of plucking can do no harm so
long as it is confined solely to the times
when weather conditions.favour the disease
and when all young leaf is consequently
heing infected,

When weather conditions improve and
the severity cf blight dies dewn, it must
.not be forgotten that the bush received no
share of the leaf produced during the
attack. That should be made good. A
period of close plucking should be followed
‘by a period of light plucking with the defi-
nite object of increasing the bushes’ perma-
nent foliage. This perhaps is the most
difficult to carry out, because the improve-
ment in the weather conditions §ti111ulatcs

L I

Only '

the bush to more rapid growth and yoyng
leaf appears abundantly on the bush.
That is a god-sent opportunity to make
good any shortfall of crop. That tempta-
tion should be rvesisted uniil the busghes
carry a good canopy of leaves.

What 1 am advocating can be sumnted

up in the words “Bush Management” &hd
that means rather more than the adherence

- to certaln rules formulated by some one

else. It requires personal judgment and
a knowledge of certain fundamental
principles,

The importance of permanent foliage
to a bush cannot be exaggerated. Without
sufficient foliage the bush is starving, no
matter how much manure is applied or
how much crop harvested. During the’
war, crop production was of paramount
importance for patriotic motives, Large
crops were obtained, though manures
obtainable were at a minimum. Unfortu-
nately those high yields are now accepted
as standards, to be achieved regularly. A
bush can produce only a certain amount of
young leaf and if too much is sent to market
and too little left for the bush, the bush
must deteriorate. It is not an uncommon
sight to see bushes regularly plucked
although the foliage can only be described
as scanty. Such bushes are often the most
severely plucked and have little opportunity
of forming a good cover of leaves or of
building up a reserve of food. Successive

:prunings result in complete exhaustion of
-wWRat reserves the bushes may have,

Por
this reason deaths after pruning -are be-
coming far more common amongst up-

_country bushes than formerly.

The remedy for poor foliage is rest.
Pruning will not help nor will extra manure
until the bushes carry enough leaves to
use it. If the bushes still fail to-carry their
leaf, a cause other than Bllbter Blight must
be dught,  °

- P



14

In conclusion, 1 would like to say a
few words about the premature blackening

of blisters, It is due to the activities cf
other fungi, the most prevalent of which is
one known as Collectotrichum camelliae the
Brown Blight fungus. Colletolrichum,
fortunately is a very weak parasite. It is
qwte incapable of invading a healthy leaf,
But when the leaf cells are damaged, as by
ihe sun causing a scorch, the fungus imme

diately gains entry and kills the damaged
cells. Most of what is called Brown Blight
results from sun scorch or similar injury.

Erobasidium, the Blister Blight fungus,
has very different characters. It is able
to invade a healthy leaf but it cannot feed
"on dead cells. Its_ own life, therefore,
depends upon the host cells remaining alive.
Although it gets its food from leaf cells it
does not kill them until its life cycle is
almost completed. Then in order to pro-
duce millions of spores each containing a
" small amount of focd, it takes everything i
can from the invaded cells. This exhausts
them and causes their death. The dying
and dead cells can be recognised by their
dark colqur and these normally are to be
seen after a blister has been white and
sporing for some days.

When a leaf is invaded by Blister
Blight the invaded cells are weakened and
they lose their ability to resist .entry by
geveral other fungi, including Colléotri-
chum the Brown is .,:.g‘-*_ fungus. So if these
spores fall on the part of a leal weakened
by Blister Blight they are able to enter
after germination. These secondary fungi
cause’ the death of the invaded leaf cells
almost immediately and they then live on
the dead issue. This proves fatal to Blister
Blight as it cannot get its food from dead
cell-.

- - .

The effect of this secondary invasion is
« be seen on most bushes, The blisters
blacken before they become white which
means that the Blister Blight fungus is
killed before producing spores. The
secondary invasion may occur at any stage
in the developient of the blister and its
value is greatest when il oecurs early hefore
Ezobazidium has begun to spore. Its effect
reduce spore production and thereby
reduce the incidence of Blister Blight.

i to

These secondary fungi will not eradi-
cate Blister Blight ; at best they reduce its
incidence. Also they may not prove an
unmixed hlessing for the following reason,

You will note the Colletotrichum and
the other secondary fungi are not parasilic
on the Blister Blight fungus. They follow
that fungus into a leaf and then rob it of
its foodd. They are, therefore, parasitic on
the leaves and there is a risk that they
may invade a greater area than Blister
Blight does. So far we have not found
that to occur on leaves, but there is ground
for suspicion that it sometimes occurs on
young stems,

On the whole I think these secondary
invaders must be regarded as beneficial at
present, but it 4s very improbable that they
will materially reduce the importance of
Blister Blight as a pest of tea. .

Blister Blight gets its food one way
and Brown Blight another. But they both
ged it from the tea bush. We cannotl step
that food hunt bat we can by proper bush
management ensure that the bushes are
not placed at a great disadvantage.

DISCUSSION

Tueg CHAIRMAN on inviling distussion
intimated that questions on any patho-
logical subject not touched upon in ‘the
paper could be raised.




. Mr. Kennern Morrorp said  that
Dr. Gadd’'s address was one of the best
lectures on plucking they had listened to,
and they would bhe in complete agreement
with what had been said. He asked if any
advice could be given on the subject of
stem infections. Should infected shoots he
broken back, and was there any prospect
of damaged shoots, putting out new leaves ?

. Dr. Gapp-said that he had made litlle
or no reference to stem infections in. his
paper. Blister Blight attacked young stem
tissue in exactly the same way that it
damaged young leaves. The Blight nor-
~ mally killed the stem in the region of the
attack and so caused the death of the'entire
shoot above it, but it caused no injury to
the buds below the damaged part of the
stem. Those buds normally would break
later and give rise to new shoots. The
attacked shoots should, therefore, be
braken off just below the damaged area.

During periods very favourable to the
disease, such as occurred in Dimbula
during the last South, West Monsoon,
another type of stem injury occurred,
Young shoots below the plucking table,
inside the bush, were blackened right down
to the base. When he first saw them he
was somewhat alarmed as such damage
.was likely to affect future crop. Later he
was agreeably surprised to hear that the
bushes were flushing well. Those black-
¢ned young shoots were of no interest
_to the pluckers as they carried no flush.
He was of the opinion that such blackeiied
shoots should be left alone to avoid injury
to any surviving bud«; at the base of the
shoots.

Dgr. Gapp also commented on the diffi-
culty of making generalisations regarding
the treatment of bushes under such varying
conditions. The more he saw of the disease

the more he realised the effect of local con-
0

ditions on its severity. He illustrated his
point by referring to pruning. He said that
on St. Coomhs a few bushes had been
pruned each month to ascertain the effect
of Blister Blight during recovery. o'i;ha
bushes pruned in February last year were
almost leafless in August owing to severe
attacks. The conclusion to he drawn 1\5as
that February was a really bad month 1o
ptune in, Yet in August he saw fields in
Dolosbage with an excellent rcover of
foliage and being plucked though they also
had been pruned in February. He con-
sidered local knowledge to be of the utmost
importance, not merely a knowledge of a
district but of individual fields. Some
fields appeared to suffer more than cthers
under what appeared to be very similar
conditions, and ne satisfactory reason could
be given for it. He thought that superin-
tendents with their experience of individuai
fields and knowledge of local climate would
have little difficulty ih applying the prin-
ciples given by the Institute. In cases of
difficulty the Institute would always be
willing to help.

Mr. H. C. Cosens said that on some °

estates up-country there had been a whole-
sale cutting out of high shade to meet the
Blister Blight menace. He asked whether
Dr. Gadd agreed with the soundness of
that action.

Dr. Gapp replied that there appeared
1o be some misunderstanding regarding the
importance of shacde.in the control of Blister
Blight. 1t
disease became prominent
persisted longer in well shaded places. But
when climatic conditions were favourable
to the disease, i.e.,, when there was little
or no sun and the bushes were continuously
wet, unshaded areas were as severely
attacked as shaded areas. The eﬂ‘ect #Of
shade was seer»best when the disease was

1
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relatively of minor importance. Blisters
could then be found in the shaded areas
when the rest of the tea was free. That
was because direct sunshine killed the
spores and helped to dry the dew off
qufcf{ly. The Institute had advocated the
control of shade but not the complete
reinoval of it. By conlrol was meant the
removal of excess shade by lopping to
allow sunshine, when theie was sunshine,
to reach tlie busnes. .He felt sure that the
removal of all shade from tea would not
reduce the incidence of the disease mate-
rially. So, regarding the cutting out of
shade purely as a means of disease control
" he was dead against it.

Mg, ALBaN WIsESERERA asked whether
the Institute advocated ring-barking of
trees before felling. He had seen Grevilleas
felled on many estates without being ring-
barked, and wondered which was the
correct method.

Dr. Gapb said that the guestion of
right or wrong did not arise, If one
wanted to get rid of a tree it had to be
felled. There was nothing fundamentally
wrong in felling living trees. But it was
well known that when trees, particularly
Grevilleas, were felled in tea, some bushes
in their immediate vicinity were likely to
die of Ustulina or Brown Root diseases.
These diseases were almost invariably asso-
ciated with the presence of tree stumps.
He had written an article in the Tea
- Quarterly a few years ago, advancing the
. Idez thax ring-barking smight be.a means
ot diminishing the risk of root disease
following felling,

When a living tree was felled its roots
remained alive for some time and could not
be invaded by saprophytic fungi in the
soil, Spores of certain parasitic fungi
that happened to fall on the cut surface
germinctted and rapidly invaded the stump

and roots without opposition. ‘The fungi
later passed to living tea roots in confact
with the stump's roots. But when a tree
wag ring-barked the roots died first and
the branches later. ‘As soon as the roots
were dead numerous saprophytic soii-
inhabiting fungi invaded them and estab-
lished themselves there. Then when the
tree was felled and spores of parasitic fungi
germinated on the cut surface, the parasites
encountered strong resistanée from the
saprophytes already established there. In
that competition for food the parasites
were ustially defeated and could not estab-
lish themsélves in the roots. The risk of

* their passing to tea was thereby diminished.

The object of ring-barking was to kill
the roots by starvation before felling, in
order to diminish the risk of later occu-
rence of root disease in the surrounding
tea. Where root disease normdlly occurred
after felling, ring-barking was ‘'well worth
trial. _

MR. F. A. Bourke said that a lot of
poor and debilitated tea was to be seen as
individual bushes and as small areas. He
asked whether Dr. Gadd considered that
to be due to Blister Blight as it seemed to
him that such symptoms were more com-
mon than they had been twelve months
ago., . . -

Dr. Gaop replied that Blister Blight
was accused of being the cause. of more
ills than it was really responsible for.
There had been weak busnes in Ceylor

before Klisier Blight arrived. Blister Bllght -

tended to show up such bushes, and ds more
attention was paid to the condition of
foliage more weak bushes were - being
noticed, ‘

The usual symptom of the debilitated

tea bushes was an inability to retain their -

leaves. The bushes had poor foliage and
thin wood. These symptoms could be

[T
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caused by a number of different agencies.
For instance, anything which destroyed the
feeding roots or prevented their free forma-
tion would cause the symptoms. The
amount of water a bush could absorb
tdepended upon the number of its feeding
roots; and there was a balance between the
number of leaves it could carry and the
amount of water it received. One of the
worst destroyers of feeding roots was the
meadow eclworm, Pratylenchus (Angwil-
Inlima) pratensis. That parasite was known
before the advent of Blister Blight. Tt was
the cause of the poor condition of many
bushes, but not of all of them.

The history of many poor hushes sent
to the labnratories could be read from their
frames. They had a few whippy shoots
and very few leaves, But away back in
the past they had heen pruned with a saw ;
the large saw cuts were very obvious. The
wood formed since then had progressively
become worse after each pruning. He sus-
pected that deterioration had begun. when
the bushes were hard pruned. The saw
had heen used on the ‘kill or cure’ principle.
The bushes were neither killed nor cured.
Blister Blight could hardly he held respon-
sible for their condition now,

{(Dr. Gapp has added the following
statement to his reply. Blister Blight. is
doing the greatest damage in areas fre-
quently subjected to mist. There is
evidence from such:areas that the .bushes

have hardly added 2 single leaf to their:

‘permanent fohage since the arrival of
Blister Blight because of the great fre-
quency of mists. Blister Blight may not be
the sole cause of the damage but jt is the
primary agent. Leaves which were fully
developed when the disease arrived are
now fallihg off as a result of their age.
The hushes appear thin because the:-e have
been no leaf replacéments. This type of

+ 0

‘mther factors such

debility is restricted to those fields coversd
by mist on most days ol the year). )

THE CHaIrMAN then asked if any one
present was in a position to answer the
question put by the Director as to thedgss
of crop produced by Blister Blight.

MRr. Wacey referred to the difficuity dn
separating the Blister Blight effect fré

and cultivation,

Dr. Norris said he had stressed this
difficulty in his paper and had referred to
it because one heard various estimates of
loss of crop put forward which he felt had
very little real foundation.

Mr. G. K. Newron thought information
on the question could be gained by a study.
not perhaps of single year records. but nf
pruning cycle records. These should give
some indication of a decline in yield. He
had studied a numher of such records him-
self and could now and again discover

Jindications. not only on individual estates

but on individual fields, where it appeared
that, Blister Blieht was responsible for the
falling off in yield.

Mg, Morrorp said he would like td
suhnort Mr, Newton very strongly on that
point. One of the hest guides in this con-
nection ‘was the records sunerintendents
were asked to keep by the Tea Research
Institute. A comparison of the falling off
in crop where there waé a had attack in a
field against the ficld records-whe:e there
was na attack should give some indication
of the effect of the disease. In spite of
record yields in Dimbula in the past year,
there were clear indications of the loss in
attacked fields.

Mgr. Svovey SauTe sid he thought

there would be considerable unanimity in
regard to loss of crop but it \\ould take a
congiderable time to obtain & direct nnswer

as : weather conditions .
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to Dr. Norris's question, There were other
factors which compensated for Blister
Blight losses. Such 1osses varied from field
to field and district to distriet down to
preg.ically nothing in the low-country.
Changes in cultivation programmes and
differences in plucking also complicated the
picture. Dr, Gadd’s lecture on nutrition
had bedn most valuabie: He would, how-
ever, ask if the time had not come {or a

general survey into the causes of the dete-
rioration of certain tea areas. Very little
liad been said about the meadow eelworm
but his impression was that this was on the
increase, particularly up-country. Other
factors also were concerned and he thought
a general survey such as he suggested
would be helpful.

~ Tue CuamrMaN then called on Dr. Eden
to give his paper. '





