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TROPICAL PLANT DISEASES: THEIR IMPORTANCE

_ AND CONTROL.
By Dr. I, J, BUTLER, G. M. G, .C. L.E., F.R.S.

* Director, Imperial Bureau of Mycology, Kew.

Inthemeat tropical and subtropical plantation industries, such as tea, rubber,
<uuee, cocoan, citrus (ruits, ete., large areas of permanent crops are’ cultivated on
capitalistic lines with uniform and usually white contrel. 'On an estate of
hundreds or even thousands of acres, often under highly mtelhgent supervision
and where the produce -may be worth a great deal of money, it i8 comparatively
easy to get adopted improvements which are the resultsof scientific research,
whether in the control of disease or in any other direction. [t is quite a different
matter, however, when one comes to deal with the crops grown by the indigenous
PEﬂpIe of the tropics for their own use, Their agricultural practices are rigidly
traditional, their standard of intelligence may be low, ‘money is scarce or even
absent, and their crops are raised in small holdings, often subdivided toan almost
.mcredihle degree. I once had occasion to acquire 17 acres for expansion of an
agricultural research station in India and found 30 families and 91 individual
plots represented in this piece of arable land. In such conditions and they are
those under which a great part of the population of the world lives—"the culti-
vator's ways and the sheep’s ways ténd to be much the same®, asan Indian
proverb says, and however wi 1l the traditional agricultural methods are followed,
the cultivator is apt to be helpless inan emergency as, for example, an outhreak
of epidemic plant disease.

It is.not surprising that the earlier plant pathelogists wha worked in the
tropiecs, from the time when Marshall Ward went to Ceylon.in 188) to fight coffee
leaf disease when it was already too late to save the industry from ruin, should’
have concerned. themselves mainly with the diseases of the great export crops.
A study of the reports of fifteen or twenty years ago will show that for practical
purposes, India was the only tropical British possession in which it was the
policy of the Agricultural departments to devote much of their attention to the
crops grown by the peopleof the country for their own use. During the past
ten vears, however, there has heen a considerable improvement in this raspeet in
the British colonies, especially those of tropical Afriea. Most of the colonies
have one, and & few have two, plant pathologists attached to the Agricultural
departments and whereas in several of them there are no plantation of crops, the
needs of the village cultivators are receiving attention. Even in some of the
more advanced - plantation® colonies such as Ceylon and Malaya, the large
plantation industries have now organised their own research departments, leaving
the Government departments of agriculture free to concentrate on the improve-
ment of the local crops and methods of farming.

Such improvements are likely to increuse the responsibilities of the plant
pathologists. New and improved . varicties of ¢rop plants are liable to become
attacked by diseases from which the old ones had become immune through age-
long selection, and more intensive methodsof farming often havea similar result.
The great activity in crop improvement that has been characteristic of agri-
cultural development in the United States and Cannda since the beginning of the
present century, has been accompanied by such an incressed call on the services
of plant pathologists that each of the staple crops has, not one but many men
engaged in the study of the cause and control of the diseases to which it is linble.
As similar efforts are made to improve the staple fooed crops of the tropics
similar needs will be felt. There are clear indications from the work on rice in
Japan that even in a erop such as this, which in India is one of the healthiest of
ull the field crops there arc a number of diseqses capable of hecoming formidabie
obstacles to the introdoes 772l improved virieties,
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I'he two tropical cereals next in importance as food crops, sorghum and the
bulrush millet, nre much more subject to disease than rice, but very little work
has been done on them in the tropics and even the [ull life history of severnl of
the common hulrush millet parasites js unknown. Still less is known of the
diseases of the tropical pulses and other plants of ecnnnmm :mpnrtance except
those thet are grown for exporl, Tlupicnl plant pnthuIng}* has not much to
hoast of in the study and control of village and field crop ﬂlSEﬂSLE the nymber
of muny years of woerk putinto this branch of Agncumlrai sucnce is lﬁﬂ Smnll
to have yielded much result and the difficulty of [.,ettmg the natwe cu'ltw 1tﬂr t{)_
change his ways, as well as his lack of means and general hﬂckwnrdntss has
helped to induce a pessimistic outlook amongst those who are chﬁrgad w:th the
. control of agricultural research and amongst the research workers {hemseﬂves
Mevertheless, not only because there is greal preventable loss of crops [rom
discase in the tropics bhut also becausa a solid knowledge of the pnthology of ef.c:h
crop plant is g necessary concomitant of all attempts at crop 1mprm-emenl
means must be found to surmount these difficulties. Little by little, opénings.
for successful attack on them will appear, and however slow pmgfes's may be at
first, the next filty years are bound to see a great ‘improvameﬂt in the crops and
in the general. agriculture of even the most pnmatwe of the Atrmﬂ:: colonies,
In this advance plant pathologists will have to bear an ever increasing ‘share.

The work 'i"'.rl_'tich has been done in India during the past twentyfive years or
so illustrates some of the problems that the tropical pathologists have to face in
dealing with village and field crops, When the Indian agricultural department
was formed thirty vears ago extremely little was known of the discases of tropi-
.cal plants, though there were a few exceptions, such as sugarcane. The first
work done in the mycelogical branch, therefore, was to make a survey of the
disenses of the more importaut crops, and when many of thése wére found to be un-
described, a more intensive study of afew was undertaken and lasted a number
of years. Two of them, one on paimyra and cocoanut palms and the other on
rice, broke out in epidemic form and had to be dealt with on emergency lines,
invoking the aid of the administrative services and leading in the palm disease
campaign, to legislation of the kind that is familiar in more advanced countries,
where it becomes an actionable offence to own a disedsed ‘plant without repoiting
or dealing with it as prescribed. In the campaign against this disease, which was
exterminating the palmyra in an area where this was the dominanttree and by
lar the most useful, nearly a million diseased pilms were cut out to save the rest.
This and the subsequent legislative action and the discovery that many trees
could be saved by removing the bud sheaths in the early stages of attack have
been successful in preventing the spread of the disease and in keaping it within
manageable proportions. The campaign cost the Government dbout £ 20,000
but the value of the palms cured by treatment was estimated at about £ 23,000 in
1921, and the number saved from infection must run-into millions.

In other cases it soon became evident that the variety of the crop grown was
exceptionally liable to disease either because of inherent suscept:b:hty or be-
cause disease had been allowed to accumulate in the stock and was being trans-
mitted when diseased material was used for planting each successive crop. . In
such cases the agricolturists of the department, each .of whom had a district
under his charge, became invaluable collaborators, both in observing the m]my
flone to particular vnr:etles and in introducing new or more healthy ones.

Then there were the cases where one had to make a ﬂ:rent attack u:‘: the
parasite and try to I{Ill it or to prevent its spores germinating b? the use of
fungicides. This at once brought one face to face w'th the economic limitations
of village agriculture in countries lile Tndia
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little ‘mctunl money at his disposal and can only borrow at exorbitant rates of
interest. '

Copper and sulphur have remained to the present day the chief weapons in
the hands of the plant pathologists in their direct attack on fungal parasites,
In Intliiﬂ' they have been used chiefly on the more valuable orchard and garden
crops or as seéd disinfectants on field crops. ' '
~ The relative infrequence of destructive epidemics of disease amongst indi-
genous crops in the tropics as compared with the great.plantation crops is not
due, 1 think, as is sometimes assumed, to the circumstance that the latter gener-
ally occupy larger continuous areas under the one crop, so that disease germs
can m‘u]t.ilplr and infect more readily.. In India there are large areas of village
lands mainly under a single crop as rice in 70 per-cent of the cultivated land in
parts of Bengal or cotton in 60 per centof Khandesh: Freedom from disease in
these cases is probably mainly due to disense resistance having become, through
long experience, the determining factor in the selection of the varieties grown, the
quality of which is liable to be a secondary consideration and is often decidedly
low. In the plantation industries, on the other hand, quality which will enable
the produce to compete in the markets of the world isso important that hardiness
may be sacrificed. Examples of destructive epidemics in these crops are numer-
ous and are not, as in the other category, usually due to newly introduced
parasites. They are just as often due to an old parasite finding ina new variety
a congenial host They are sometimes also due to the considerable financial
return leading to expansion of-a plantation system into areas not naturally
affording optimum conditionsfor the growth of the plant, so that its environment
may become more favourable to the parasite than the host.

The recent wave of epidemic disease that has ravaged the cotton plantations
of the. Sudan may perhaps find a partial explanation in these considerations.
When the great Gezira irrigation scheme, due in its-inception to the genius
of Garstin and Kitchener, was opened in 1925, it was already established that the
highest guality Egyptian long-stapled cotton could be successfully grown in this
previously arid waste. At the present time approximately, 200,000 acres of irrig-
ated Sakel cotton is grown as the major crop in the gigantic plantation of 00,000
acres under uniform cantrol and cropping, surely the largest arable farm in
existence. During the first five years after the dam was built across the Blue
Nile, cotton worth more than £ 12,000,000 was produced [rom the Gegzira, and
150,000 people had settled where before there wasanly asealtered frmine-stricken
population.

The cotton disease known as blackarm oceurs in all the colton growing parts
of Africa, but it seldom causes much injury to the viarietivs grown by the people
of the tropical regions, and the long sta pled kinds grown in Egypt escape dumage
apparently hecause the climate ol Egypt does not suit the parasite. In the
Egyptian varieties grown in the Sudan it became a formidahle pest, beirg one of
the main factors in reducing the yield per acre [rom 479 1b in 192520 to 129 1h.
in 1930—21. This represents 1 Joss of more than 60,900,000 1b, of cotton on the srea
grown in the Jatter year, worth even ot the low prices then preveiling, more
than £800,000. As the disease is carried mainly on the seed, an elaborate seheme
of seed disinfection with the dust knownas* Abavit B*was earried through before
{he last season's crop was sown, the whole of the seed for this great aréa, repre
senting more than 30,000 bags, heing treated- by specially devised sced dusters.
Vurious other steps were also Luken 1o comibut the disease, and the yvield, when
harvest was completed last spring, was found to have risen ngain to o little more
than 400 1b. per acre, or not fur short of that of the earlier Yeurs,

In this case there is far morg at stake than thie saving of an indostry, however
important, The whole £+ '_"‘iﬁ{}_wnwincc i€ in the balance. | cannot refriin
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from quating o foreign oheerver who visited the Sudan two or three.yenrs: ogdo,
"The Sudan is the Latest thingin Kuropean exploitetion and it is the best," There
hns Been “ ereated o corpsof agrieulturists and entomologists to'destroy the peats
that attack the pative eropa: a group of veterinarians to Inok afterand to improve
the native eattle: and o quite uneivilled hady of biolugists, har:‘tn::._riql:‘;is_!i.stn.
iboratory workers and doctors to fight ntive diseases, Trekking through the
Eand are the Government biologists and entomologists, um:-:rim-:hf.in_;;. destroying
pusts, noting procesees, giving ndviee  You rarely find (hem in the same place
for two wesks running these hardy scientistz do even mors work in the .open
than in their ibovatorices ',

The West Indies present o very different picture from the Sudan..  Theére, in
some of the oldest of the British colonies, generations of plinters and setilers
hitve been engaged in the tropical and subtropical cultivations of lands favoured
by Miture to an unusul degres.  Jamaica is the larzest banana exporter of the
British colonies, having sent out 24,0J0,00) bunches in 193, reépresenting ‘more
than 507 of the total value of her exports  In 1912 the first cases of the now
noturious Panama discase of bananas in the island were examined by S. F. Ashby.
Rigid quarantine measures were promptly introduced by the Director of ‘Agri-
culture, Mr. H. 4. Cousins, impressed by the. ruin from this disease which had
befallen the banana growing enterprise in the Duatch Colony of Surinam bitween
1906 and 1910, As soon as a diseased plant was discovered, it and 1)l the sur-
rounding ones on an area of four chains had to be destroved and the arey fenced
in, Asaresult, spread was slow, the number of cases annually nst surpassing
1041 until 1921, Increase since has been at the rate of about 50 per cent a ve -,
until by 1929, there were ahout 835,009 cases, invelving nearly 140.00) plants.  in
the parish of Portland, the most diseased, some 9100 acres. or approximatelr one-
tenth of the total estimated banana acreage of the island. have now heesn absn-
doned, for it has heen found that commercial banana growing is impossible on
land once infected. and the great United Fruit Company has already abandoned
nearly 100,00 acres from this cause in Central America. The expenditure by the
Government of some £60,000 in Portland no doubt prolonged the life of the
plantations by ten years or more, but in the end has proved unavaili- .

As there is no direct method of fighting this disease which is due to a soil
fungus, attempts to procure resistant varieties are being energetically earried
out both in Jamaica and at the Imperial College of Tropical Agriculture in
Trinidad. Varietal tests have shown that the Cavendish species of banana and
some others are either highly resistunt or totally immune. Botauists both from
Kew and the West indies have toured the world in search of varicties for trial
and hybridisation and thess are grown under quarantine ond inspection at Kew
before being sent on to Trinidad, Very large numbers of crosses have heen made
in Trinidad and Jamica and some of the immune seedlings produced in the latter
island have given bunches which were acceptible to the trade during the past
vear. The Trinidad seedling 1.C.1. (Imperial College No. 1). it cross between the
commercial Gros Michel and a wild specics has also shown remarkable immuni-
ty during six years tests, but the fruit still requires improvement.

It is estimated that within the next five to seven vears at the present rate of
inerease of the disease and the amount of suitable banana land left, the Jamicen
export will begin to decline, and the decline is likely to be rapid unless a sutis-
factory resistant variety can replace the Gros Michel.. The breeding work is
difficult and slow. It is not easy for the stricken farmers to be patient. The
whole population-in the coastal parts of the parish of Portland has been brought
up to the cultivation of the banana before anythine else, and though an alterna-
tive crop of marketable volue is desperatel ~ e will take 4 Tane time ta
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treak "down préjudices in a one crop population. Many of the people have
migrated, but many have remained to make- a living as best they can. 1t is eold
*"_-?Tllfﬂ’-"t to tell them, as there have not been wanting even scientific men to say,
that thése coastal lands, extraordinarily fertile though thev he, are unsuited to
the banana because the damp soil favours attack by Panama disease. The local
Department of Agriculture has never taken that view bat has striven hard to
iﬁgl:tf. the disease, und the extra lease of life that it has given-the industry, though
in<ufficient ‘in Portland, may yet save the banana culfivation of the island as a
whole..
. Inthe exampies selec'ed to 1llustrate the importance and control of the
diseases of tropical plants, there is every gradation in severity from the sorghum
smut which levies 'a moderit= toll of about ten per cent .of the crop on some
miI_]ii}ng of acres in India, to the Panama disease which completely exterminates
the susceptible bananas and precludes replanting within any reasonable time.
The success of the measures which have been adopted 1o control these diseases
also shows every gradation from the complete control which is easv to obtain
bydisinfection-againstsorgh um smut or by growing Cavendish bananas in-Panama
disensed land, to mere alleviation which appears to be all one can hope for, bat is
yet sufficient, ugainst rubber mildew or the root diseases of lim-s. A considera
tion of these measures—ruthless eradication, the complete replacement of sus-
ceptible varieties, hybridisation or selection to obtain resistant plants, budding
ar grafting on résistant stocks, modifications in agricultural practices like stubble
hurr_ﬁng or pre-watering, and finally, the direct attack on the parasite by steeping,
spraying, or dusting—indicates how vgrlie-'ﬂ is the task of the plant pathologist
und how wide must be the foundations of his knowledge if he is to perform it
successfully. The old conception of the Mycologist, student of the fungi that
cause disease as_aﬂéquately equipped to fulfil the duties of a plant pathologist,
dies hard but it is dving. Like bacteriology in the realm of medicine, pure m--
cology is a necessary foundation and the mycologist & necessary collaborator, but
I:e is not equipped either ns a general practitioner or a specialist in particular
diseases, _ _
The practical'man is often slbw_‘tc:- admit that a destructive disease in a plant
is due (o ngencies putside his control, Confronted with such he is inclined to
seck [or explanations other than the true one. He looks first for some disorder
brought about by cultivation or inbreeding, or. meteorological phenomena. Or
he thinks that the soil is unsuitable or hus become exhausted, or that the plunt,
if an exotic, has failed to become acclimatised. [t is often not until all these
have been tested and found wanting, that the true cause is fully realised, Experi-
ence has chown thet it is unfortunately rare to find the explanation of serious
disease in these directions and the dominating {actor is usually the presence of o
pirasite, Fowever much iis activities may be favoured hy seconidary chuses.
Failure 1o recognise the very varied weapous used by modern plant pathology
and undue weight given to the secondary fuctors in the causation of disense huve
Jed, no doubt, to the suggestion which | bave heard that the » mycologist ”, as he
i still called in most ol the British coluniss. may be in dunger of losiag his pusi-
tion a one of the most essential members of sny team of tropical research agri-
culturists. Tn sctual fuet there can be no question that, looked on a8z a member
of u team and relying on the collaboration that must exist between him and the
plant breeders and agriculturisis the plant pathologist is more needed now 1han
ever,. Improvement in the crops of the people und - the quest of guality or the
sutisfanction of market fancies in the pluntation crops can be relied on to be fol-
lowed by increase in disease. Unless plant pathologists well-versed in the putho-
logy of the crop concerned are available—und they cannot be produced at u
moment's notice—the examplés_I have given will be paralleled in every Colony in
the British Empire.—{(Nas-" " o7 (V=32



