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SEICTION^ I.

INTRODUCTION

TRINIDA.D AND ITS SUGAR INDUSTRY.

THE Island of Trinidad is the most southerly of the West Indian

Islands and is geographically and biologically practically a part of

the South American Continent, from which at the narrowest part it

is only separated by a strip of water about eight miles wide.

Its total area is 1,862 square miles and its population about
360,000. It is situated between 10° and 10^ 50' N. latitude and the

climate is tropical. There are two distinct seasons, a dry season from
January to the middle of May with an average of about 3 inches of rain

per month, and a wet season from June to December ^ith about eight

inches per month {see Fig. 1). The total yearly rainfall is about sixty-

four inches.

Trinidad Rainfall. Average for Fifty-Three Years—1862-1914.
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The chief sugar growing districts are the eastern ends of the two
more or less Hat stretches of land that are found between these ranges of

n;ountains (>>cf' Fii; '2i. Tliev may be divided for crnvenience into a

:^

^.„.'v''"''^« 9

Fig. 2.

Fig. 2. —Maj) of the Island of Triniilad showing approximate position of the Mountain
Ranges and the three chief sugar growing districts.

Northern section occupying the very flat low-lying areas on the banks
of the Elver Caroni; a central section occupying the coast lands North
and South of Couva, and in the Couva district running for some miles
inland along the tei'minal spurs of the central hills; and a Southern
section generally known as the "Naparimas," round San Fernando and
Princes Town, in which the land is more undulating than in either of

the two former areas, and the soil irregular but including some of the

most fertile in the island.

The sugar cane is the second most important agricultural crop of the

island (cacao being the first) and the export has varied during the last

20 years from 38,000 tons (of 2,240 lbs.) in 1205 (grown in 1904) to

71,000 tons in 1917 (grown in 1916). The total area under sugar-cane
is roughly 50,000 acres or 78 square miles.

Fifty years ago a large number of small independent privatel^'-owned

estates, each with a small mill, occupied this area. Amalgamation into

large estates and companies followed, as in other parts of the world, and
there are now only fourteen factories of any size in the island. The greater

part of the sugar cane cultivation is in the hands of these companies.

Hand in hand, however, with the fusion of estates and factories has
gone, particularly' in the last thirty years, the rise of a class of small

cultivators, the " cane farmer," or peasant proprietor, wlio owns or

rents a few acres of land on which he grows cane (usually together with
ground provisions) and these canes are sold to the larger factories.
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It is the official policy of several of the largest companies at the
present time, to encourage this form of cultivation, and tlie number of
cane farmers has risen from about six thousand in 1900 to over twenty
thousand in 1918.

HoM^ever desirable such multiplicity of small cultivators may be
from a political, social or financial aspect, it must be recognised that it

makes the organised control of diseases and pests of much greater
difficulty, and has a considerable influence on the methods which it is

possible to adopt for the reduction of disease.

The cane is planted usually in the second half of the wet season
(August to November) and is not cut until the dry season of the second
year following, havin^; thus had about eighteen months growth.
Canes are known up to their first cutting as •' Plant Canes." which are
distinguished as " Wet Season Plants " if originally planted during
the wet weather or " Dry Season Plants" or '-Crop Plants" if planted, as
occasionally happens, during the dry season. These latter have only
about twelve months growth before the first cutting. Subsequent cuttings
take place every year and the canes are kno^vn as " 1st Uatoons" or
"2nd Ratoons" etc., according to the number of times they have been
cut. Canes older than third ratoons are not commonly seen and are
becoming each year less frequent.

All the cutting and grinding has to be done in the dry weather
between January and the beginning of June, chiefly owing to the
impossibility of cartage on the traces or field roads during the
wet weather.

THE BLIGHT.

For many years the growing canes have been subject at irregular

intervals to serious damage by a disease or complex of diseases known
locally as "Blight." This consists, briefly, of a browning and drying up of

the leaves of the cane and a decay of the root system, which results in

more or less complete cessation of growth, an appearance throughout
the field "as if scorched by fire," and a loss ranging from a slight check
in growth to a complete destruction of the crop.

In practically every case of blight the insect Tomaspis saccliarina

(Hemiptera, Cercopidae), known locally as the Sugar-cane Froghopper,
is found in numbers in the damaged areas, both on the leaves in the
winged adult stage, and on the roots where it lives in the young or
nymph stage surrounded by its characteristic white froth (Plate III.)

In addition to the froghopper other diseases, chief of which are

those caused by various species of root fungi, are frequentl}' present in

the damaged canes and have been sometimes considered as responsible

for part at least of the destruction.

The loss varies greatly from 3'ear to year and is difficult to estimate
with any exactness, particularly as it has been found, that many of the

causes of the prevalence of blight are unfavourable conditions which
would have themselves led to loss, even without the presence of the

froghopper and its associated diseases.

Allowing for this, however, the loss in some j'ears is sufficiently

great to warrant the attention that it has attracted and to justify the

continuance of effort towards its understanding and control.
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Gough iu 1910 (1911 C.p. 10 & 23) gave figures of the cosb of produc-
tion of cane per ton on healthy and blighted fields. These were

—

Healthy field ... ... 11.09 per ton.

Shghtly bhghted ... ^1.01-^1.49 per ton.

Badly kighted ... ftl.iDS-eS.SO

This last section obviously does not include fields completely
destroj'ed, as in these the whole expenditure is a dead loss. It is

scarcely necessary to add that while the relative value of the figures

remains, it is no longer possible to produce canes at the cost here given.

Urich (191B C. p. 9) estimates the average damage from 1907 to 1912

as 10 per cent, of the crop, which at the then ruling prices was equal to

a loss of about i'55,000 per annum.

In 1916-17, a year almost free from blight, the export of sugar from
the island was about 71,000 tons. In the. following year it had fallen to

46,000 tons. Nearly 50 per cent, of this drop was due to disease of

which the froghopper was the prime cause. The loss for that year was
therefore about 12,000 tons of sugar worth ^.300,000 at the price then
prevailing.

Further details of the loss will be found in Section III (p. W) which
deals with the history of the disease in Trinidad, but it will be i-een

firom the figures already given that the planters of the island are faced

with a disease which takes a considerable toll of their profits each year

and which has moreover shown little sign of diminishing in intensity

in recent years.

The damage during 1917 was unsurpassed by that in any year with

the possible exception of 1912, and many estates were only saved from
a serious loss on the year's working by the higli price they were able to

obtain for the sugar produced. Should prices again fall to anything in

the neighbourhood of the pre-war figures, damage such as that in 1917

would make it almost impossible for smaller companies to carry on.

INVESTIGATIONS UP TO 1916.

In the course of my work and in the preparation of the following

report I have made free use of the results of previous investigations, all

of which will be acknowledged in their place. It might be convenient

here, however, to summarise the work that had been done and the

position in which I found it in 1916.

The earliest mention of damage at all resembling the present
" Blight " is in a report dated 26th January 1868 by H. Cruger (see

Bibliography at end, Cruger 1892). He describes the condition of the

cane as being " alarming a few months ago " but says that since then
" the canes have recovered nearly everywhere." He describes several

insects attacking the canes but none of these could be identified with

certainty as the froghopper. He mentions a " louse-like" insect on the

roots, but the absence of any reference to the conspicuous froth makes
it doubtful that this was the froghopper.

C. E. A. Francis made in 1878 a " Chemical Analysis of Blighted

Sugar Cane and the soil in which they were grown" (Francis 1881).

He found the cane ash deficient in silica and the soil deficient in lime as

compared with several Antigua soils. Once more there is no definite

indication of the cause of the blight.
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In 1889 the froghopper was first discovered by •!. H. Hart who des-

cribed an outbreak of blight in the Chagnanas district and believed it

iio be due to the ravages of this insect. He also noticed the presence of

root fungus {Marasmius) on the canes on some estates and said that
" on these the attack of the froghoppers appeared to be more pronounced
that on other fields where better health prevailed." He also mentioned
a green mould growing on the insects, which has since been identified

as the parasitic Green Muscardine fungus.

In 1906 attention was once more directed to the problem by a severe

outbreak. Hart (1906) laid more stress on the part played by the root

fungus, and Collens (1906 A. and 1906 B) reported on two outbreaks

in both of which root fungus and froghoppers were associated.

In 1907 O. W. Barrett, who was visiting the island to report on
Cacao Cultivation, published two short notes on the sugar-cane blight

(Barrett, 1907 A. & B.) In these he agreed that Che froghopper injury

to the roots must be considerable, but considered that the worst pest

is the Marasmius root fungus which he believed responsible for over
ninety per cent, of the damage in the C]ouva district in 1907.

The years 1906, 1907, and 1903 were all marked by severe outbreaks

of blight, and, as a result of this, in 1909 the first steps to get regular

investigation of the problem were taken by the recently formed Board
of Agriculture, who appointed a Mycologist fMr. J. B. Rorer) an Ento-
mologist (Mr. F. W. Urich), and, in the following year, an Assistant

Entomologist (Mr. P. L. Guppy) to investigate plant diseases in general

and the froghopper blight in particular.

J. B. Rorer, who worked intermittently at the problem from 1909 to

1918, studied chiefiy the possibility of controlling the froghoppsr by
propagating artificially one of its fungus diseases, the Green Muscardine
(see p. 82). He considered that the froghopper blight and root-disease

were distinct but were sometimes associated and confused.

F. W. Urich who has given part of his time to the investigation

from 1909 to the present date, produced in 1913 a comprehensive
bulletin on the Froghopper, its life history and natural enemies, (Urich

1913 C) and gave various suggestions for its control. He believed in the

possibility of reducing the numbers of froghoppers by agricultural

methods and by encouraging the natural enemies already known in

Trinidad, particularly that known as the Vermilion Egg-parasite

{see p. 65).

P. L. Guppy was appointed Assistant Entomologist in February

1910. In this position he worked until March 1913, when he became
assistant to J. C. Kershaw {see below). In November 1912 he discovered

the Vermilion Egg-parasite {see p. 65) and in January 1913 the Trash-

coloured Egg-parasite (see p. 65). After Mr. Kershaw's departure he

continued to carry out recommendations in connection with the

breeding of the Syrphid fiy until June 1915.

In 1910 the services of Dr. L. D. Gough were obtained and he

studied the problem for one season. In his report (Gough 1911C) he

outlined the fife history of the froghopper, advised the growing of the

Green Muscardine fungus on a large scale to destroy the froghoppers,

and further recommended spraying with kerosene emulsion to kill the

adult insects. He was apparently the first to discover the parasitic

Syrphid fly, the maggot of which feeds on the nymph of the froghopper.

In 1912 the damage" to the sugar-cane was again so severe that the

services of another entomologist, J. C. Kershaw, were obtained, and he

.studied the problem from December 1912 to December 1913. His

.results were published in a series of Circulars {neo Bibliography at end)
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and in his final report he emphasised the importance of control by
natural enemies, and recommended among other things, that an
attempt should be made to breed the Syrphid fly artificially on a large

scale, and that, at the same tniie if possible, a search should be made
abroad to find new enemies, which might be introduced into Trinidad.

He made some careful anatomical studies of the Froghopper and was
the first to show that the Tobago species was difterent from that in

Trinidad.

THE SEARCH FOR PARASITES IN CENTRAL AMERICA.

May 1916-Jln-k 1917.

For eighteen months after the departure of Kershaw, Grui)py

attempted to breed the Syrjihid fly on a large scale, but the work was
found to be impracticable and was finally abandoned in 1915.

Attention was then directed towards the second of Kershaw's
recommendations—that an efficient parasite be sought for outside

Trinidad. In December 1915 it was decided to proceed with this,

unfortunately, however, on a very limited scale, and in February 1916

I was appointed to can-y out this work, with instructions to proceed

to Trinidad, and from there to A'isit such neighbouring colonies and
foreign countries as might be likely to contain fresh parasites of the

froghopper.

As very little was known of the distribution in Central America of

the various species of froghoppers and their parasites, and as conditions

arising out of the European War had already- begun to effect travelling,

it was decided to commence work close at hand. Therefore, alter a few
Wv eks in Trinidad to familiarise myself with the conditions in the sugar

fields there, I proceeded to Surinam (Dutch Guiana) where I was able to

visit sugar fields for a few hours and to nif'ke a hurried study of a

species of froghopper (Tomaspis tristia) reported as slightly injurious to

sugar-cane in that country. A short report on that insect has already

been published (Williams 1917, see also p. 46).

From Surinam I proceeded to British Guiana and spent thei-e f lur

months investigating chiefly two species of Tomaspis, one of whi^h,

Tomaspis flavilatera, Urich, was common in the canes in the coastal

district of Demerara and has since pi'oved itself capable of sevei-e

damage : the second species, at present unnamed, was abundant on a
wild grass {Impernta caudata) in the rubber plantations at Issororo,

North West District, and was studied chiefly on account of its very

close resemblance to the Trinidad insect, from which it is only separated

with difiiculty. A report on the first of these two species has
already appeared ("Williams 1918 B.), the second portion is still

awaiting an opijoi-tunitj' for identification of the insect itself and various

insects associated with it.

From the point of view of the introduction of new enemies into

Trinidad, the investigations in British Guiana had no practical result,

as I found there nearly all the parasites and predators already known in

Trinidad, although attacking different species of froghoppers. The work
indicated that the distribution of the parasites was wider than that of

their hosts and that in consequence it would be necessary to go further

afield in order to find new enemies.

I returned to Trinidad in October 1916 and shortl3" afterwards paid a

short visit to the island of Tobago, twentj'-two miles North-east of

Trinidad, to confirm the report that the froghopper found there was not
the same as the Trinidad species.
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This was found to be correct, but once more tlio few enemies found
A\ ere the same as those already known in Trinidad. {See p. 43)

In December 1916 I visited the Island of Grenada about 90 miles
North of Trinidad, to see some fields damaged by froghoppers, and
found the Trinidad insect, T. saccharina, sevei'ely damaging canes in

one or two small areas in the uplands of the island. A. report on this
outbreak has already appeared (Williams, 1918 A.) In a very hastv
visit no insect parasites were seen and one parasitic fungus, the Green
Muscardine, already known in Trinidad, was found to be present, but
very scarce {see also p. 44).

In January 1917 I left Trinidad for Panama, visiting on the wa\-
La Guayra, Venezuela, where in a few hours ashore a species of frog-

hopper, Tomaspis ijropin-^ua. Walk, was found on grass. This is

closely related to, but distinct from the Trinidad insect.

In the Canal Zone, Panama, I found two froghoppers, Toniaspis
lepidior and an undescribed species, both on grass and both related to
the Trinidad insect, but as weather conditions were very dry and not
favourable to the search for parasites, I left the Canal Zone and went to

Bocas-del-Toro, on the Caribbean Coast, just at the border line of

Panama and Costa Rica.

In this district I spent four and a half months and investigated the
habits and parasites of ten species of the genus Toniaspis. Four of

these were forest inhabiting insects, one fed on the roots of Heliconia,
another on the attaching roots of an aroid creeper, and a third on the
roots of a forest bush, and as these habits were so different from the
Trinidad T. saccharina that it was improbable that their parasites
would be of any practical value, little attention was paid to them.
The remaining six species were grass feeders and two of them were
closely related to T. saccharina. A close study was made of these with
the result that once again nearly all the known Trinidad parasites were
found, including the two specific ones, the Syrphid Fly {SaJpingogaster
nigra)\vh.iQ,h. attacks the nymph, and the Vermilion Egg -parasite {Oligosita
girauUi). Once more the wide distribution of the parasites was
emphasised, as opposed to that of the host insects, few of which seem
to range over more than a few hundred miles. After three months
work in this locality, a new egnj-pn-asito was discovered, a Mymarid.
Anagrus sp. Three specimens of this emerged from some froghoiiper
eggs which had been submitted a month before to a miscellaneous
collection of small Hymenoptera, obtained, by means of parasite boxes,
from grass m which froghoppers had been abundant.

Unfortunately these three specimens emerged on one day during my
absence on a short expedition to find new froghopper localities, and
were all dead when I returned to my headquarters on the following day.
The loss of these specimens was entirely due to an unfortunate
attempt to carry out single-handed an investigation in which at the
very least two people should have been engaged.

Six weeks more were spent in a search for further specimens in the

locality which had produced the first three but without avail, and an
examination of some thousands of small parasitic Hymenoptera already

collected, revealed only two more specimens of this species of Anagrus.
Not only, apparently, is it very rare in this locality, but it is so similar

to anoUier extremely abundant species of the same genus that it wmild
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be scarcely possible to distinguish the two when alive. This abundant
species would not touch the eggs of the froghopper and was probably a

parasite of some species of leaf-hopper.

Under normal conditions I should have proceeded from Panama to

British Honduras as had been arranged, but by this time travelling had
become so difficult owing to the withdrawal of ships, that I reported

that it would be almost impossible to transfer to Trinidad any parasites

that I might discover there, until such a time as travelling facilities

improved.

In view of this and of the indications obtained of the necessity of

going still further afield in the search for parasites, it was decided to

stop this work temporarily at least, and I returned to Trinidad, visiting

on the way Carthagena, Columbia, where I found Toviaspis lepidior.

previously seen in the Canal Zone, and the islands of Martinique and

St. Lucia in the West Indies, in neither of which were any froghoppers

found.

INVESTIGATIONS FROM AUGUST 1917 TO MARCH 1920.

On my return to Trinidad in July 1917, I was instructed by the

Froghopper Committee to continue work in that island, to study the

froghopper from a wide biological standpoint, and in particular to see

if any reason could be found for the great increase of damage by the

froghopper in recent years. It was desirable to find if this was
connected in any way with the increased use of seedling canes less

resistant that the original Bourbon cane, or if the increase in numbers of

the froghoppers was due to the supposed reduction of their natural

enemies by the spread the mongoose, first introduced into the island

about 1870l

The present report gives as completely as possible the results of my
experiments and investigations from August 1917 to March 1920. The
greater part of this time was spent in Trinidad studying the agricultural

aspect of the blight, but in December 1917 I was able to visit the island

of St. Vincent for a few days, to see if the froghopper existed there

but in the time that could be spared, no specimens were found

(see p. 44).

In August 1918 I \isited Barbados on sick leave find while there

took the opportunity of discussing with Sir Francis Watts, Imperial

Commissioner of Agriculture for the West Indies, some of the problems

of soil chemistry involved in my investigations, and with Mr. W. Nowell,

Mycologist to the Department, the question of the relation of root-

fungus and froghoppers in the production of blight. As a result of this,

Nowell visited Trinidad in December 1918 to January 1919 and again in

October to November 1919 to co-operate with me. The results of his

work, have been published in two reports (see bibliography) and he did

much to clear up the complexity of this branch of the work.

It is hoped to issue at a later date a full sj'stematic account of the

species of the genus Tomaspis met with during these investigations, and

a classification of the genus based chiefly on a study of the habits and

an examination of the structure of the genitalia.
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SECTION^ II.

THE NATURE OF THE "BLIGHT."

GENERAL SYMPTOMS.

The name "Blight" is sometimes used in Trinidad, as in other
countries, to describe the insect, in this case the froghopper, supposed to

be the cause of the damage. Thus one hears that ' Ph-ht was present,

but no visible damage has been caused." In the present report, the word
is used in its strict sense to mean the diseased condition produced in

the cane.

Signs of the disease first appear in the cane fields six weeks to twa
months after the beginning of the wet season, seldom, if ever, before
the middle of June and usually not until the middle of July. The
first indication is a slight holding up of the growth of the canes, which
cease to make their former good progress.. A. little later the tips of the
leaves wilt slightly and unnaturally, especially during the hot part of the

day, and narrow reddish-brown streaks begin to appear on their surface.

A close examination at this time will reveal the njmph froghoppcrs in

their froth on the roots (Plate III) and adults sitting during the day
time in the axils of the upper leaves well hidden away. The streaks on
the leaves increase in number and size, particularly on the outer leaves

of the cane, and the whole plant appears from a distance to have a dead
brown colour, frequently described as " as if damaged by fire."' The
diseased stools have nearly always a poor root system and are loose in

the ground and easily pulled xip. while the old leaf sheaths are frequenth"

matted to the stem by various species of fungi. How far this condition

can be considered as a consequence, or alternately, as a predisposing

cause of infestation is discussed later.

The browning of the leaves is caused by the sucking of the adult frog-

hopper, and the damage to the roots by the combined effect of the

nymph and various fungi. The relative pai't plaj'ed b^- each in the final

damage to the cane is discussed in Section IX.

As the older leaves dry up and die the adult froghoppers crowd moi-e

and more into the remaining inner leaves, which in turn may be
destroyed, and as a consequence all except the largest shoots of the

tools die off and decay (Plates IV. to VI.)

Usually however, the first attack of the year does not reach this

state of extreme severity and, as the brood jjasses the canes throw out

fresh health}- leaves which gradually replace the damaged ones and
normal growth is once more resumed.

After an interval of about two months a second attack may occur,

usually, but not always, of greater seveiitj', and after another period of

recovery, a third attack maj' develoii after about the same interval.

Recovery from all these depends chiefly on the original severity of

the attack, on the general conditions of the cultivation, on the variety

of the cane, and on the weather conditions prevailing at the time.

DAMAGE TO THE LEAVES.
Apart from the slight wilting and curling which are usually the first

signs of blight, the main damage to the leaves is caused by the spread

of injury from the points at which the adult fi-oghoppers have inserted

their mouth tube to suck out the sap.

For convenience of reference I have divided the development of one

cifthese aieas of injury into four stages.



PLATE III.

Frogl'.opper nyiii])l;s in t'rdtli al liase ni o uie stool.
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Stage I. (Plate II. fig. la). Within a day or two of the sucking
of the adult froghopper at any point of the leaf the first indication of

injury appears as a pale area surrounding the puncture and elongated
slightly in the diyection of the axis of tlie leaf. This decolourized
area is more transparent than the rest of the leaf and is readily seen
when the leaf is held up to the light.

It increases considerably in size particularly in the direction of the
axis before the next stage is reached, and becomes a long narrow streak
on the leaf, in the centre of which the original punctm^e is sometimes
visible as a small brown spot. The elongation takes place both above
and below the original puncture, but as a general rale is slightly more
rapid towards the tip of the leaf than towards the base.

This first stage streak is seldom more than one-tenth of an inch wide
and may reach three inches in length. A streak 0"5 of an inch long

was 005 of an inch in width. Others from 2'5 to 3 inches long were
about O'l of an inch in width.

Stage II. (Plate II fig. \h). After a few days the centre of the pale

streak becomes discoloured by a reddish brown pigment usually appear-

ing first as a number of small points round the original puncture and
producing a finely mottled effect. This discoloration spreads rapidly

up and down the streak, which becomes red brown tliroughout, while only

the newly invaded tissue round the edge remains pale.

Frequently the red pigment forms very narrow hair-like streaks

which run for a considerable distance up and down the leaf along a
vascular bundle.

The red colour usually begins to appear when the original streak, is

about 1"5 to 2 inches long and, concurrent Avith its development the
injury spreads both laterally and longitudinally, so that the second stage

may reach 5 inches in length and about 0'175 or 0*2 inches in width.

Actual measurements of streaks of this stage are : 1"5 x 0*1 inch (red

pigment just appearing) ;
2"5 x 0"1 (of this length 1 inch was a hair-like

line projecting at the outer end) ; 2'o x 0'175 ; 3 x 0"05 ; 3"G x 0'15
;

4*5 X O'lVo (2'5 of this was a red hair-like streak) ; 5 x O'.l, very long and
narrow, red hair-like line distinct.

Stage III. (Plate II. fig. Ic). In this stage the destruction of the^

tissue round the point of injury begins to be complete, the centre of the

red area dries out and becomes silvery brown in colour and opaque to

transmitted light. This dead area spreads until it occupies the greater

part of the streak, leaving only a narrow border of red edged with pale

green where it is still encroaching on the undamaged tissue. The
streak at this stage is usually more than two inches long and may reach

a length of from four to six inches and a width of from O'lo to 0"25

of an inch.

If the original punctures are close together the separate streaks join

up into large dead areas on the leaf which I have found it convenient

sometimes to record as stage lY, but which i-eally only represents a
number of overlapping streaks of Stage III.

The total destruction of leaf tissue resulting from a single puncture
by a froghopper may thus exceed half a square inch, and as a stool of

cane may have fifty or more adults, each of which will suck at several='=

* Recent experiments show that on an average two streaks develop for each
froghopper per night.
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spots each night [for several weeks, the accumulated injurj' is very cou-

-siderable. A leaf often has as many as a hundred punctures and rough
estimates in the field frequently indicate a destruction of ten or twenty
per cent, of the let^f area, while in bad attacks 50 to 100 per cent, is the

rule rather than the exception.'-'

The rate of spread of the injury from a puncture and the duration of

the different stages is subject to very considerable variation and further

investigation on this line might throw light on the cause of the spread.

The increase in size is quite oat of proportion to the original damage
due to the puncturing of the leaf and removal of the sap, and must be
due to the introduction of some poison, toxin or infection into

the wound.

The first stage is noticeable about two days after the puncture by the

insect and spreads slowh' without any central discoloration for from five

to eight daj's. In rare cases as long as 15 days has been passed without
discoloration. A number of observations gives about seven days as the
average duration of the stage.

Tlie red discoloration of the second stage begins five to fifteen days
.^average seven), and lasts without the death of the centre till fifteen to

twenty-six days (average nineteen days), after the original puncture.

The death of the centre part of the streak defining the third stage

•starts on the fifteenth to twenty-sixth day and continues to spread

slowly until the death of the leaf a month or so later.

On an aveiage the typical first stage is found after four da\'s, the

typical second stage after about two weeks, and the typical third stage

after three to four weeks.

As the brood of adult froghoppers ma3" only last two or three weeks
it will be seen that the injury continues to increase after the adult

froghoppers have disappeared.

In addition to the above symptoms the developing leaves in the
terminal roll receive less nourishment from the damaged plant so that

the new leaves are shorter and narrower than the leaves which would
have been produced by the same plant in normal growth. By measuring
the lengths of the successive leaves some time after an attack this

check can easily be shown.

DAMAGE TO THE STEM.

The damage to the stem is entirely indirect and is due to the

reduction of the food supply both from the injured roots and leaves, and
also near the tip from the spreading of injury from the young leaves

downwards.

The growing jwinf of a cane badly damaged but not killed almost
always shows a red discoloration when cut longitudinally. In a healthy
cane this discoloration, probably due to oxidation, appears some
minutes after the surface is cut, but in the diseased canes it is already

there before cutting. It is most distinct at the nodes where it may take
the form of narrow red streaks extending up and down the vascular

bundles from each node, and it may spread some distance down from
the growing point.

Another symptom sometimes present is the formation of small

pockets of a gummy substance in the young internodes.

A caue leaf is about four feet long and two to two aiid a half inches in width,
tapering towards the tip. Tlie ai-ea of a healthy leaf is probably under 100
square inches.



SECTION H.—NATURE OF THE '* BLIGHT. 23

111 addition the young growing part of the cane still beneath the

sheaths of the green leaves exhibits an unnatural brittleness and liability

to break across in the internodes just above the level of the bud (eye)

and the ring of undeveloped roots. This break occurs frequently in

handling diseased canes for examination and also naturally in severe

cases, and is probably the immediate cause of the complete death of the

growing point frequently found in small and medium sized canes in a bad
attack. In Plates IV and V several of the dead shoots will be seen to

have broken off near the top in the manner indicated.

Length and luidth of internodes. The internodes or joints which
are in the period of most rapid elongation are those bearing the outer

green leaves and those from which the leaves have recently fallen. As
a result of the great reduction of nutrition from roots and leaves during

an attack this increase of length does not take place and the green leaves

of the cane instead of separating from each other at the base, remain
crowded together and form a more or less fan-like arrangement of

leaves spreading at the tip, but close together at the base. This result

is distinctly seen in the tall cane to the left in Plate V. The
same reduction also occurs in the width of the internodes. This reduc-

tion in length and width is most cleai'ly visible in canes of medium size

as the largest canes have more reserve strength and show it less, while

the smallest shoots are killed so rapidly that there is no opportunity for

it to show (See Plate VI).

When the canes begin to recover the still young internodes inci'ease-

in size but those which have matured and hardened during the attack

remain short and considerably reduced in width.

These groups of short and narrow internodes remain visible on the

cane and form a convenient and easily available record of past damage
to the plant. Fig. 3 shows the successive lengths of the internodes in

Fig. 3.

Fig. 3—Diagram of leiigtlis of internocles in cane damaged by two broods of frog-

hoppprs in 1919.

December of a cane which had been damaged by froghoppers in both

August and October. Each of these two checks is visible by the

reduction in the internode length. The second check is more severe

than the first, as it was in this case increased by the advent of drought

at the same period as the second brood of froghoppers—the check thus

representing the combined result of the two.
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Shooting of the Ei/en. When the growing point of the cane is injured

in any way, or ceases to require nourishment, as after arrowing, the
eyes or buds lower down usually start to grow. This is a frequent
accompaniment of the froghopper blight. Shooting usuallj^ starts just

below the level of the maximum shortening of the internodes and may
spread through thfse to those above. This breaking of the buds only
occurs in canes which have sufficient reserve strength to supply the
necessary- nutriment and so is usually seen only in the lai'ger canes of

the stool as in plate IV.

Adventitious Roots. Tj sually as a direct result of the damage to the

root system and of the humidity produced about the stem by the

matting of the leaf sheaths, the dormant roots on the lower parts of the

cane start into growth underneath the sheaths in the attempt to get

more moisture. At first this occurs oialy near the base of the plant biit

as these roots in turn become diseased, it proceeds higher and higher up
the plant until developing roots may in extreme cases be found three

feet or more above the base. This sjauptom, as with the breaking of

the ej'es, usually only occurs in the larger canes with more reserve food

material and although frequently associated with froghopper attack,

may be produced by many other causes.

DAMAGE TO THE ROOTS AND ROOT STOCK.

The root system of a severely blighted cane is almost always, but not
invariably, poor and superficial. Further experiments are needed on the
exact effect of the sucking of the nymph on the roots, but results obtained
so far indicate that this alone does not produce such severe ettects as

are caused by the adult on the leaves. The problem is complicated by
the fact that blighted canes are most commonly seen in heavy poor
soils, which are themselves conducive to a poor root system; and
further that both the unfavourable soil condition and the damage by
the nymphs seem to assist the development of root fungi which invade
the diseased roots and continue the destruction.

In addition to the weak superficial nature of the roots they are

frequently.blackened and dead throughout and even rotting and decayed
and the whole stool can usually' be pulled from the ground without
gi'eat effort.

On the other hand blighted canes are found in some cases with
apparently sound deep root systems. Th^^se are invariably in good
well cultivated soils and such canes always recover with great rapidity

after the passing of the brood of froghoppers.

Tlie ifoot stock, or that part of the cane below the ground is some-
times discoloured by a red staining such as is found in cases of rraot-

disease, but as at present no cane has been found in this condition

without root fungi also being present, it is probable that it is due to

these and not to the uncomplicated attack by froghoppers.

EFFECT ON SAP OF CANE.

The greater part of the sugar in the juice of the cane is manufac-
tured in the leaves of the plant. Severe injury to these leaves will

therefore be expected to have its effect on the composition of the sap.

Fm'ther investigation is needed in this direction, but at present a few
observations have been made which should be summarised here.

The adult is known to suck the sap from the plant and extract the

sugar from it. All this is direct loss to the i'lanter. Gough (1911 C.

p. 11) points out that the blighted canes when they come to the factory

contain less moisture and hence often a higher percentage of sucrose

than undamaged canes, but on the other hand the greater dryness of

the cane renders extraction less effective.
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I have been informed that the sucrose in blighted canes inverts
more easily than in normal canes.

The juice of blighted canes is further considerably more acid than
normal juice. This was first pointed out bv Collens (1906 A & B.).
iind Carmody (1909 B. p. 110) states that "wherever froghoppers are
imusually abundant the cane on closer examination is found to be
diseased from other causes and the juice is abnormally acid." He then
raises the question as to whether the acidity of the juice is due to the
sucking of the froghopper or whether the froghopper is more attracted
to canes which have already a juice made acid from other causes.
Further discussion on this question will be found on p. 126.

Chemical change in the sap is also indicated by the spread of the
red brown discoloration from the point of puncture of the leaves, and
by its appearance in badly damaged canes on the upper part of the stem
particularly in the growing point at the base of the young leaves.

FINAL CONDITION OF DAMAGED CANES.

On Plate IV is shown a very badly damaged stool of cane with the
dead leaves removed, Plate V shows a larger stool somewhat less

damaged and Plate VI shows the component parts of a damaged stool

separated so that the effect on each shoot is more apparent.

It will be seen that the final condition of the stool is largely
determined by the size and vigour af the shoots at the time of injur}', or
by the relative number of shoots of different sizes. The smallest shoots
(Plate VI, C to G) are killed outright in spite of a relatively large root
system ; the medium sized shoots (B) are injured but may recover ;

while the largest shoots (A) are much less injured and retain sufficient

vitality to throw out young shoots {a, a,) at the base, which will produce
good canes if a sufficient growing period remains and good weather
prevails.

It follows that, other things being equal, the larger and more
vigorous the canes are in a field the less will be the probable damage.

If however conditions continue unfavourable and the severity of one
or more broods is sufficiently great, the accentuation and accumulation
of all the above symptoms may result in the complete destruction of the
whole stool. All except the larj^est standing canes are killed, root
fungus spreads with great rapidity on the already damaged stools, the new
shoots fail to establish themselves and the plant, unable to stand the
drain on its reserves, becomes a complete loss to the grower. •

The ground between such stools soon ceases to be shaded and grass
and weeds grow rapidly and assist in smothering and starving the cane
plants, which are finally covered up by a growth of weeds and creepers.

RECOVERS.

If conditions become favourable and the original damage has not
been too severe, a rapid recovery sets in after the passing of the flight of

adult froghoppers.

The younger leaves as they unfold are no longer punctured and
•damaged, but remain healthy and green, and the stool and field gradually
assume a healthier appearance as the proportion of green leaves
increases.

At the edge of a damaged field recovery in this way is noticeable by
the high level of the distinct line made by the brown leaves. The
lower leaves are dead, the middle leaves are damaged only at the tips

which hang down, and the youngest ones are green.
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If the damage has originally proceeded to a stage when most of the

younger shoots have been killed and only the older ones remain with

normal growing points, the latter will recover as described above, but

the field will be characterised by the number of small dead shoots round
the base of the stool. (Plate IV.)

If the damage has been still more serious, so that the larger canes
have had their growing points injured, the recovery will be very uneven
and mostly by the shooting of the upper eyes in these canes, and by
fresh healtbj' shoots breaking out from the old root stock and basal

joints of the canes.

With the continuance of good conditions a remarkable'recovery may
take place, even in cases of severe damage, but the canes never make
up what they have lost and the appearance of such a field is deceptive,

as the new growth of leaves frequently serves to cover up a coiuplete

absence of cane development beneath.

The rate of return to normal growth depends on the original damage
and on the ability of the cane to produce new leaves and shoots.

No special investigation has yet been made of the rate of root

production, but in the absence of root disease this is probably rapid,

and proceeds as usual in step with the development of leaf surface.

A number of observations have been made on the rate of production
of new leaves and these show that a cane plant produces a new leaf every

four to seven days according to conditions and the time of the year,

and as a healthy plant should have 10 to 15 green leaves, it follows

that two to three months are required for a plant to throw off all the

damaged leaves and replace them by healthy ones.

In Fig. 4 an attempt has been made to measure the rate of recovery
by estimating the percentage of efficiency {i.e. green assimilating tissue)

Fig. 4.

pi„_ 4—Diagrams of eflSciency of green leaves of dainagtd ami unilamaged canes

For explanation see text.



PLATE IV.

Stool very badly damaged liy MiLj'at, dead leaves removed.
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PLATE VI.

Stool (lamageil by blight, dissected into coitipoiient parts
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in each leaf from the centre roll outwards at various intervals after ;i

froghopper outbreak. The height of the vertical lines represents the value
to the plant of the successive leaves. A, shows a healthy plant in

which there were ten leaves all of which were completely green.
B, shows a plant one month after being slightly tlamaged by froghopper-^.

The five most recent leaves are quite healthy while the next seven all

have their surface more or less reduced by the brown discoloration of

the streaks, the greatest loss, however, not being beyond 20 per cent.

C, shows a plant at the same period which had been originally

much more seriously damaged and has only four young green leaves
undamaged and the next six damaged up to as much as 80 per cent, of

their surface. D, shows a plant three months after severe damage in

which all but the outermost leaf have been replaced and are quite free

from injury.

The production of new leaves has been estimated by several other
methods with similar results.

A.S the time taken to produce a complete new set of leaves by a
plant is greater than the average time between successive outbreaks
(about two inonths) it follows that a plant damaged in one brood has
not regained its normal vigour on the outbreak of the next attack, which
will account for the greater severity of the damage in second and third

attacks, even when the number of froghoppers present appears to be
more or less similar.

VARIATION IN INTENSITY OF BLIGHT.
It has been pointed out that the blight occurs first about two months

after the advent of the wet season, and then recurs periodically at

intervals of about two months. These times correspond with the
successive flights of the adult froghoppers, the life cycle of this insect

occupying about two imnths. The greatest visible blight however, is

not at the time of greatest abundance of adult froghoppers, but con-

siderably after this. In the broods of 1919, when careful observations

were made on this point, the interval was about two or three weeks.
This is due, as has been mentioned above, to the time taken for the

spread of injury from the original punctures on the leaves.

About the time of the second or third brood the short dry period

known as the Indian summer occurs. If this is severe and long it may
stop recovery and the canes graluallv go from bad to worse. Farther
discussion on this point will be found on p. 96.

The distribution of damage in various years varies greatly. Some-
times the blight is not severe bub widely distributed ; at other times it is

very severe in small well defined areas immediately surrounded by quite

healthy canes. These patches are usually related to the contours of the

ground, outcrops of different soil, different ages of canes, or different

cultivation. In some cases the attack spreads into an otherwise healthy

field from a diseased area alongside. A fuller discussion of these

problems will be found in sections VIII and IX.

SIMILAR INJURIES FROM OTHER CAUSES.
Root Disease and froghopper injury are frequently intimately

associated and the condition called " blight" is usually due to the com-
bined effects of the two. The relative part played by each is discussed
later.

At the same time there are quite distinct and recognizable differences

between the uncomplicated forms of each. The most obvious of these,

apart from the presence or absence of the insect, is the absence of any
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definite streaks on the leaves in the case of root disease. There is only a
severe wilting which may result finally in the death of the leaf. The
visi!)le presence of the fungus is not a proof that it is concerned in the
injury as it may exist in quantities on the stool as a saprophyte, that is

to say living on alread}' dead tissue, and on the other hand it may be
doing serious damage to the roots without any considerable surface

development of mycelium.

In the canes damaged by root disease only, there is a very considerable
shortening in the lengths of the internodes, similar to that caused by
drought, but there is not the same narrowing of the joints that is con-
spicuous in the present blight.

Damage from root fungus does not usually spread over such large

areas as froghopper blight and often appears on a few stools in a field.

The froghopper maj' be abundant in small areas, but the smallest I

have seen included at least twenty or tliirtj' stools.

Another important difference is that root disease, while capable of

rapid increase and decrease in a field,- usually in correlation with
weather conditions, has nothing of the definite periodic recurrence of the
froghopper blight as found in Trinidad.

Sereli Disease. This disease is a serious trouble in the sugar grow-
ing districts of the East. In 1911 Dr. Gough suspected its presence in

Trinidad and sent specimens to Dr. Went in Java. The latter found in
the diseased canes nearly all the known symptoms of a mild attack of

Sereh with the exception of the staining of the vascular bundles (which
was however seen by Dr. Gough) and says " If all these canes had come
from Java I would not have hesitated for a moment and would have
declared them to be attacked by Sereh." As Sereh had never been
recorded outside the East Indies he merely suggests that " Trinidad is

suspect in regard to Sereh and it will be well for planters to keep a
keen look out for any more serious signs of the disease." [West Indian
Bulletin XII p. 558.)

On the other hand a Committee of the Board of Agriculture, who
examined the suspected fields about a year later and found them no
worse and probably better than the year before, was " not prepared to
agree with Dr. Went's conclusions."

There is no doubt that the symptoms induced in the cane by frog-
hopper attacks in Trinidad have a very close resemblance to those
described for Sereh in the East. The shortening of the internodeS,
resulting in a fan-like arrangement of the leaves, the starving and final

destruction of the growing point and the consequent death of the
smaller shoots, the reduction in the size of the leaves, the appearance of
red streaks at the internodes, the developiuent of gum pockets in the
young internodes, and the shooting of the eyes and the development of

adventitious roots, all are common to both diseases. In fact the
illustrations on Plates IV and V showing canes suffering from froghopper
attack in Trinidad might well pass for illustrations of Sereh in Java.

At the same time the final symptom of Sereh, the persistence and
continual increase of damage in infested stools from year to year, the
character that makes it so much to be feared, is not found in Trinidad,
nor on the other hand are the streaks on the leaves, so characteristic of
froghopper attack found in cases of Sereh in the East.

Mr. Nowell and myself have come to the conclusion that the disease
does not exist here, but that a series of similar symptoms are produced
in the canes by a similar physiological disturbance, which however
arises from a quite different cause.
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Leaf Spots. Spots in the leaves of canes are produced in Trinidad
by two fungus diseases, the Ring-spot disease {Leptnsphaeria aacchari)
and the Eye-spot disease {Helminthosporium sacchnri). Both
of these are readily distinguishable from the streaks caused by frog-

hopper injury, by their size and shape. The spots produced by Ring-
spot start as a small purplish red discoloration which later turns brown
inside but spreads equally in all directions, remaining more or less

ro una and very seldom reaching half an inch in length "in the direction
of the leaf axis (Plate II. Fig. 2). It is usually commonest in the
outer half of the older leaves.

The "Eye-spot" streaks (Plate II. Fig. 3) are a dark brownish red
in colour, elongated in the direction of the axis, usually small and closely
crowded on the leaf, where they may join up to form larger irregular
streaks. They also start almost from the first as a discoloured area.

They may be found developing on leaves which have only just unrolled
and in severe attacks cause a browning of all the leaves which at a dis-

tance resembles that produced by froghoppers, but is of a deeper reddish
colour. Up to the present this disease has only been found on one
cane, D. 109, in certain small areas, and seldom appears before the
month of December when all froghopper injury has ceased in
normal years.

Mosaic Disease or Mottle Leaf. A. serious cane disease of unknown
cause in Porto Rico, Louisiana and elsewhere, results in the more or less

distinct mottling of the blade of the leaf with pale yellowish green spots.

This disease has recently been discovered in Trinidad and steps are
being taken to prevent its spread. There should however be no
confusion between this and the froghopper blight as the leaf markings
are quite different in colour (never darker than the healthy leaf) and in

shape and distribution.

Mosaic Disease has been shown in the United States of America,
to be transmitted from one plant to another by certain sucking insects.

Experiments in Trinidad to test if the froghopper is a carrier have so
far given negative results.

hiscct Borers. Failure of the canes in Trinidad is frequently caused
by the damage due to the Large Moth-borer {Castnia liens) and the
Small Moth-borer {Diatrcea spp.). The latter is the usual cause of
" dead heart," which consists of the death of the centre green leaves of

the cane owing to the destruction of the growing point bj^the caterpillar.

The lai'ge borer, which is found at the base of the stem is frequently the

cause of the failure of the smaller shoots in a stool and should always be
sought for before such injury is ascribed to froghopper blight.

-4^t^4^<>"
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SECTioN^ rxi.

THE HISTORY OF THE BLIGHT IN TRINIDAD.

In order to get a proper understanding of a disease that varies

greatly in intensity in difl'erent years and localities it is important to

have an accurate history of the post attacks. From such a record it may
be possible to determine the cause of the prevalence of the disease, or, at

least, suggested causes may be eliminated.

In the present case the records ware originally collected to test the

suggestion that the blight had arisen in the past fifteen years owing to

the introduction of the mongoose, which question will be found

discussed on page 87. They have also been used to trace a relation

between the distribution of the rainfall and the extent of the blight.

{See Williams 1919 E. and p. 96 of present report).

It has been difficult to get a historj' of the blight as few estates have
kept accurate records, and little notice has been attracted except in the

years of severe injury. The published literatui-e has been searched and
also the unpublished monthly reports of the Officers of the Board of

Agriculture. Much information for the year 1912 was obtained from the

replies to a circular sent out by the Department of Agriculture in that

year, and for the year 1917 from the replies to a somewhat similar

circular that I sent to the chief estates.

The dates given are the year in which the crops were growing, not

the year in which they were cut.

1862.

Cruger, writing in 1863 (published 1892) says that in the previous

year a blight attacked the sugar-canes. There was "alarming damage"
about September or October, but the canes recovered by the end of the

year. He also notes that the season was much drier than usual. There
is no mention of any insect that could be identified as the froghopper,

but the time of out-break of the disease and later recovery suggest
identity with the present blight.

1869.

According to Urich (191o C. p. 7) the local newspaper '• Trinidad
Chronicle" for 5tli October 1869 says that "Canes in the ('haguanas
district are attacked by a peculiar disease \evy like a blight."

Once more there is no mention of an insect, but the date corresponds
to the time of greatest froghopper infestation.

1878.

In this year there seems once more to have been a severe outbreak
of disease in the canes. L. A. A. de Verteuil writing to H. Prestoe
(Government Botanist) on 17th November, 1878 says "The blight of
which they have been talking for the last several years has kept one
somewhat anxious. The blight begins to show itself in September,,
becomes worse during the blooming or arrowing season—in October and
November—and then not only makes no further progress, but some of

the canes which evidentlj- had become blighted recover, and new sj^routs

make their appearance." (Hai-t 1894).

On 81st March 1879 Mr. I restoe wrote in a letter that the disease

was due to rotten roots and that " every cane stool that I examined in
one field was infested with the fungus." (Hart 1893).
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E. E. A. Francis in February 1879 reported on some blighted canes
from Orange Grove Estate and the soil in which they were growing. He
found the cane ash deficient in silica and the soil deficient in lime and
in bad physical condition. (Francis 1881).

1873-1885.

According to Tripp (1908) Mr. Hart when speaking of the outbreak of

blight in 1889 (q.v.) stated that the froghopper " had been in evidence
intermittently for sixteen years previous."

Mr. J. P. Bain, a local Agriculturist, speaking in 1916 said that he
remembered froghoppers doing damage thirty-five years before, and Mr.
Sanderson, another old Planter, said in 1918 that he distinctly remem-
bered the froth of the froghopper on the cane roots forty years previously.

1886.

Urich, discussing the outbreak of blight in 1906 (Urich 1906) said that

he distinctly remembered an attack of blight in 1886.

1889.

This is the first year in which we have a record of the froghopper in

association with blight. Hart (1890) reported on an outbreak in

Chaguanas in November 1889. He noted that the effects of the insect are

most severe after a long period of wet weather succeeded by a sudden
drought. He mentioned that the roots were rotten but the cane itself

was healthy and would probably recover with suitable weather, and a

foot-note states that this actually did occur. The outbreak appears to

resemble in every detail those occurring to-day.

Later Hart (1906) stated that the outbreak of froghoppers was followed

in this year by an attack of Trichosphaeria or Rind-fungus.

1890-1892.

This period marks the beginning of the "breakdown" of the old

Bourbon Cane. Various theories have been advanced as to the cause of

the widespread failure. Blandford (1892) attributed it to shot-boi*er

beetles and .says that within the previous two years they had caused a

loss on some estate of 30 per cent, of the crop.

It is now generally accepted however that the breakdown was due to

the introduction of the fungus Coiletotrichum falcatum causing the

"Red Rot" of the stem. Nowell believes that this disetise was introduced

from the East.

1894.

On 14th August, 1894 a special Committee of the Agricultural

Society "viewed with alarm the serious spread of insect and fungus

pests among the canes," and suggested getting the services of an expert

to investigate them. (Hart 1896).

1896.

Urich writing in 1906 said that an outbreak of blight in the Cha-

guanas district about ten or twelve years previous had attracted atten-

tion.

1900.

In August of this year there is the first mention of froghoppers in

•the canes in the letter book of the Manager of Tarouba and Harmony
Hall Estate.



32 FROGHOPPER BLIGHT OF SUGAR-CANE.

Collens (1906 A.) writing of Harmony Hall Estate says "in 1900 a^^

similar disease attacked the canes—the same larvse were present

coincident with similar climatic conditions."

Gaul (1908) says that blight appeared in this year on several ratoon

fields of Woodford-Dale Estate (now part of Cedar Hill). It was con-

fined to the most impervious clay soils where the drainage was poor,

and near abandoned lands. The damas;e(l canes recovered later. (S^c

p. 109 and fig. 27).

1901-2.

In this year Harmony Hall and Tarouba Estates, damaged by frog-

hopper the y.-ar before, produced their record crop.

1904-5.

This was a year of very severe drought and the sugar crop of the
island was the lowest for many years, only reaching 38,240 tons. There
is however no record of blight.

The Recent Series of Outbreaks, 1903-1919.

1906 appears to be the first of a series of severe outbreaks which
continued for many years with greater or less intensify. In view of the

importance of the rainfall in connection with the outbreaks of blight,

Table I has been prepared showing the main features of the season in

each of these years. The total rainfall for the year is given as recorded

at Brechin Castle Estate, as that is found to be more or less representa-

tive of the average rainfall in sugar districts. In Fig. 20 will be found a

more complete statement of the annual rainfall on six estates (including

Brechin Castle) during the same period.

The dates of the various broods in the years 1906-1919 will be found
tabulated in fiig. 25 (p. 103) where their relation to the commencement of

the dry season is discussed.

The figures given for the crop of the Island in Table I are obtained

from the returns published by the Agricultural Society of Trinidad and
Tobago and are in long tons of 2,240 lbs.
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1906.

From the records obtainable the blight seems to have made its first

appearance at the end of August and in September (second brood of
adults) and broke out again in October (third brood).

The flat lands round the Guaracara River in the Naparimas, the
Couva district, and the Northern Section were the worst infested. At
Harmony Hall the Manager reported 80 acres badly blighted by the
middle of September and in mid November "the canes have had a
further check owing to bad weather."

In the Couva District the blight was prevalent throughout Waterloo
Estate in September and there was a "slight recrudescence in old ratoons"
in October. At Brechin Castle according to Mr. Arbuckle "When riding
through the estate the froghoppers when worst (3rd brood) got
entangled in the horses' manes by dozens" and 160 acres were lost com-
pletely. Forres Park Estate lost nearly 250 acres (Sargeant 1907).

At Caroni according to Gilbert (1909) a considerable acreage
suffered very badly. "Some never recovered and the crop was almost
entirely lost." At Orange Grove there was a severe outbreak and Urich
(1906) mentioned the green muscardine as common here in mid -Sep-
tember.

According to Carmody (1909 B) the blight was spread over a larger

area in 1906 than in 1907 and 1908, The crop grown this year was 12,000
tons below that of the previous year.

1907.

The blight appears to have been bad again this year although I have
been able to collect few observations. Apparently it started with the
first brood.

The crop in this year "suffered perhaps more severely than any
previous one" (Tripp 1908).

In the Couva district, according to J. Black, it started at the end of

June to July ; in August "the froghopper pest seems to have absorbed
all the vitality from the ratoons," but by November they had almost
entirely disappeared (J. Knox).

Barrett (1907 A.) visited the Couva district on 18th and 19th July
and reported froghoppers abundant, but believed root fungus to be
responsible for 90 per cent, of the damage.

At Caroni, according to Gilbert (1908), it was again very bad,

especially in the ratoon canes, though none actually dried up as in 1906.

1908.

Urich (1918 C.p.l8) says that this year and 1912 were the most
severe outbreaks that he had seen. Carmody (1909 B) says that the

pest had been "increasing in numbers since 1906."

The damage was apparently much less in the Naparima district and
•Carmody (I.e.) states that the "most serious attacks since 3 906 had been
confined to the Caronj Basin, Couva, and Chaguanas." Wiiterloo and
Exchange both reported blight as prevalent and canes damaged ; but Brechin
Castle produced one of the best yields per acre ever obtained, and three

fields on this estate badly damaged in 1906 and 1907 were free in 1908.

In the Chaguanas district (Woodford Lodge) Urich (1913 C.p.lb)

records Wight in October, November and December.
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The infestation appears to have been greatest at Caroni. Gilbert

(1908) siys that it first appeared in early August in 1st ratoons.

Between ii5th and 29th August 600 acres were affected. It cleared up
slightly at the end of September and then returned worse than ever.

Carmody (1909 B. p. Ill) commenting on the above attack says "the
virulence and concentration within a limited area of the froghopper
attack at Caroui were as surprising as the unexpected abundance of the

larvae of Castnia, and strongly indicate the real cause of the attack."

1909.

There was a considerable reduction in the froghopper infestation this

year and little damage appears to have been done. In spite of this the

crop was slightly below that of the previous years. In this year Mr.
Urich was appointed by the Board of Agriculture to investigate the pest.

The first brood of adults was very early and bj' the 22nd of June
there was a blighted field at Woodford Lodge, and on July 2nd, there

W'Cre trace? of blight at Caroni. (Ui'ich 1910 A. p. 19).

The second brood appears to have been at its height about 18th to

16th August and a few fields at Caroni were slightly blighted in

September.

The third brood appeared in October and on 6th October at Caroni
28,875 adults were caught in 13 lamps (Urich 1910 A. p. 20). Canes were
blighted at Orange Grove, Caroni and Woodfoi'd Lodge, but Waterloo
reported that "Froghopper has been general, but not to the extent of

producing blight, although it certainly retarded growth."

Urich reports adults fairly numerous in canes and grasses at Wood-
ford Lodge on loth January, so that a fourth brood seems to have
occurred in this locality.

1910.
This year also was comparatively free from blight, particularly in the

Couva district, but there is again a considerable drop in the total sugar
crop, which is 5,000 tons belbw that of 1909-10.

The particulars below are mostly from Urich's monthly reports to the
Board of Agriculture.

Slight blight appeared at Woodford Lodge in August, in two small
fields in October, and in November and December in ratoon canes at

Caroni and Woodford Lodge. Froghoppers were caught by thousands
in light traps in December at Woodford Lodge, and continued on into

January but "only in hundreds" where there had been thousands before.

(Urich's report for February 1911.)

From this it seems probable that the three broods were at the end
of July, the end of September, and the end of November, but this does
not correspond with the diagram given by Urich (19 1 3 C Plate VIII) of

captures by six light traps at Woodford Lodge. This shows two periods

of greatest abundance in September and January but does not corres-

pond to his written reports. It may be that the light traps were out
more frequently in some months than others.

The dry season of this year was unusually wet and this may have
causeJ the broods to be more confused.

1911.

There was a marked inci'ease of blight in this year, chiefly in tlie

Couva district, and, as a result of the prolongation of the dry season,
the broods were considerably later than in 1910. According to Guppy
(Rejiort to the Board of Agriculture November 1911) there were three
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distinct broods. The first in July, which was fairly numerous, the
second in September, very numerous, and the third in November which
was excessively numerous.

In the Couva district the damage was considerable. Waterloo
Estate rei^orted in August that the froghopper had appeared "later than
usual, but more virulent than ever." In September it was "strongly in
evidence, but no actual blight." In October "worse than ever before on
this estate. Several fields blighted and complete cessation of growth."
In November it was worse again, but by December "The froghoppers
and blight had disappeared entirely."

At Forres Park 15-20 acres were badlj- damaged, 10 acres less

severely damaged, and some farmers canes blighted. At Brechin Castle
the yield was the lowest for many years and the damage due to frog-

hoppers was considerable.

At Woodford Lodge there was blight in August, September and
October (Urich 1913 C.p. 18).

1912.

In this year occurred what is perhaps the worst outbreak yet
experienced. Damage was severe almost over the whole area under
sugar, the estates in the district round Princes Town being the only ones
that escaped serious injury. Damage was widespread and severe on many
estates in the Naparimas where it had never previously been recorded.

The dry season was very long and severe, lasting from the middle of

December to the middle of May, and the crops were affected by this.

"The first two generations of the year were fairly well marked and
in quick succession, but as the rainfall diminished the overlapping
became more complicated owing to the retarded hatching of the eggs.

The third generation dwindled away to nothing, and by the end of

December froghoppers were in abeyance." (Urich 1913 C. p, 19).

The first brood was earlj' (9-16 July according to Urich) and by mid-
July slight blight had appeared in the Chaguanas district. (Urich loc. cit.)

The second brood was about the first week in September. Urich
(Eeport to Board of Agriculture for September) says that the adults

emerged in tremendous numbers from the beginning of September to

the 14th, when they began to decrease.

This brood was disasti'ous in its effects. Estates throughout the

Naparimas report fields suddenly destroyed. In the Couva district

there was "complete stagration" and "disheartening ravages" at

Waterloo ; "very large area affected" at Ik'echin Oastle and "about 1,000

acres affected" at Esperanza.

At Chaguanas on 10th September the attack was the worst yet seen

and 75 per cent, of the estate was damaged.

In the Northern Section the damage was if jDossible worse and
Caroni reports (see Table II) 1,460 acres badly damaged.

The third bi'ood occurred about the end of October or beginning of

November and appears, for some unknown reason to have been small

and inconspicuous. Blight was caused only in isolated areas, and
nearly everywhere the canes recovered after the second brood.

In October of this year a circular was sent out to all the large-

estates of the Island asking for returns of the areas badly and slightly

infested. These are shown in Table II with similar returns for the year

1917 (another bad year) for comparison.
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The areas given are only estate canes and do not include those under
small cultivators, who in IGIH produced about 25 per cent, of the canes
of the Island.

It will be seen from this table that over 9,000 acres were infested out
of a total under estate canes of about 25,000 acres.

1913.
The blight in this year was very much less than in 1912 and seems to

have been serious only in the Couva district. The crop grown was
13,000 tons above that of the previous year.

In July Waterloo Estate reported "that adults were exceedingly
numerous." In August there was "no extreme blight but stagnation."
In September "considerable damage, but not so bad as last year." In
October "the canes were beginning to recover," and by November the
froghopper had practically disappeared.

TABLE II.

Summary of Damage in the Outbreaks of 1912 and 1917.

Estate.

1912.

Severe. Slight.

1917.

Slight
Estimated
Loss of

Cane.

Northern Section.

Caroni
Orange Grove

Central Section.

Woodford Lodge
Waterloo
Exchange Group
Brechin Castle
Esperanza
Forres Park ...

Southern Section.

Plein Palais...

Harmonj- Hall and Taronba
Reform
Williamsville
Oraignish
Hindustan
Malgretout Group
Cedar Hill ...

Petit Morne ...

Union Hall ..

Picton and AVellington
Hermitage
La Fortunee...

Acres.
1,460

C9

603
164
937
350
290
15

41
125
30

nil

153
40

500
90
171
70
35

5,143

For 19

Acres.
397
75

208
763
623
350
186
30

73
327
110
15

97
190
100
729
192
50
83

4,588

Estates

Acres.
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At Esperanza eight fields were badly damaged and 24 slightly

injured (Urich, Bull. Dept. Agr. XII p. 203.)

The first brood seems to have been at the end of July and beginning
of August, but there are no records that would locate the later broods.

Urich (Bull. Dept. Agr. XIII p. 102) says that the year was "not so
bad as 1912 and this was in a large measure due to the latter part of

1912 having been comparatively more damp than the corresponding
period of 1911."

1914.

There was little damage this year and the crop was again better.

According to Urich (Report for -July) the first brood had issued and
by mid-July most had laid eggs.

The results of light trap captures at La Portunee show large cap-
tures throughout July and the beginning of August. At Waterloo in

.July they were "'already strongly in evidence."

The latter broods were much smaller than in former years but "some
damage and mild blight" was reported at Waterloo in September.

Otherwise very high crops and high returns per acre were reported
throughout the Island.

1915.

In this year there seems to have been no damage except in the
Couva district and the crop is again better than the previous year.

The first brood was early and by July they had "already appeared
and part of one field showed Ijlight" at Waterloo. By the end of August
and September on this estate the second brood was in enormous num-
bers and several fields were badlj' damaged. The third brood does not
appear to have been severe. Woodford Lodge records damage in one or
two spots.

1916.

There were a few isolated patches of blight this year, but the crop
grown was a record one for the island and produced 70.891 tons of

sugar.

The pest was late in making its appearance, "nymphs in large

numbers" were recorded in July at Waterloo, and the first brood
appears to have emerged at the end of July and caused no damage.

At the end of September a number of fields commenced to show
signs of blight at Waterloo and in October it was wide spread.

No other records of damage have been obtained and the third brood
appears to have been of little consequence.

1917.

After a period of four years, during which conditions had been
gradually improving, the year 1917 witnessed the return to an attack of

extreme severity, surpassed perhaps only by that in 1912.

The areas damaged on the various estates are shown in Tabic II

together with the estimated loss of canes.

The loss, which applies to the estates alone and not to small
farmers, is equivalent to about 7,000 tons of sugar and at the price then
prevalent the financial loss was much greater than in any previous year.
The loss on farmer's canes would be at least half this figure, giving a

total loss of about 11,000 tons of sugar. There was a drop in the total

sugar crop of about 25,000 tons, but about half of this was due to other
unfavourable conditions not dependent on the froghoppers.
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The first brood was at its height about the third week in July
;

was vf-ry widely distributed and caused severe damage in the Couva
district, at Woodford Lodge, and slight damage at Orange Grove, but
no noticeable injury was recorded in the Naparimas.

The second brood was at its height about the middle of September
and caused very great damage. In this month and October the blight
spread rapidly in the sections already damaged and injury was reported
throughout the Island.

In the Naparimas, Hindustan Estate reported worse damage than
ever before, Craignish had severe injury. Cedar Hill reported damage
on the red soils, blight was severe at Petiit Morne, Picton and Hermitage
and very severe on Harmony Hall. Reform, Williamsville and Malgre-
tout on the contrary were very little damaged and Union Hall was only
slightly affected and much less so than in the following year.

In the Central district Forres Park and Esperanza were much less
damaged than the estates further North. At Perseverance on the other
hand the damage was so severe that if it had been a separate small
estate as of old, there would have been scarcely enough cane to work
the factory.

In the North, Caroni was very severely damaged, but not quite so
badly as in 1912, and Orange Grove had several fields Ijadly damaged
and a large area less affected.

Hy the end of September the second brood had passed and towards
the end of October the canes began to recover considerably.

The third brood began to emerge at the end of October and in

November, but was extremely small and did little damage. At La
Fortunee, in the extreme South of the sugar district however, damage
was caused in December by adults of either a late third or early fourth

brood and in one field of young canes the adults persisted throughout
the following dry season in gradually reducing numbers.

1918.
Damage was severe this year, but not so wide spread as in 1917.

The most remarkable feature was the rapid recovei-y in many areas
after the passing of the second brood.

The appearance of the broods as shown by captures in light traps
at La Fortunee Estate is shown in Fig. 5 ; on most estates however the
second brood was larger than here.

teo
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The first brood was at its height about the middle of July and by th';

end of July slight damage had been done in a few isolated spots
(Harmony Hall, Plein Palais, Couva district). The brood was over by
the end of July.

The second brood reached its maximum about the second week in

September and caused sudden and wide-spread damage at Couva,
K'aroni and Harmony Hall and in isolated areas in the Naparimas. In
September and the first half of October the canes were suficring

througrhout the Island for want of rain.

By the beginning of October the second brood of adults had passed,
about the middle of the month the weather became much wetter, and,
except in certain very badly damaged areas, a rapid recovery set in.

The fields became greener and there was no further injury.

The third brood in November caused little damage except on one
estate in the Naparimas, and throughout this month and December
recovery was general.

1919.

This year was considerably more free from blight than either of the
two previous years.

The broods were earlier (see Fig. 6) and the first brood was at its

height at the end of June and beginning of July. Slight damage was
recorded at Petit Morne, Woodford Lodge and Harmony Hall.
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DISCUSSION.
From an examination of the above records the following points of

interest will be seen.

(1.) The dates of the broods vary a little each 3'ear and are related to

the date of the commencement of the dry season {see fig. 25 and p. 102.)

(2.) The relative size of the broods varies from place to place
and from year to year,

(3.) The second brood is usually the most injurious, while the third

brood is often unexpectedly small.

. (4.) There appears to be a recmn.-ence of periods of severe damage at

intervals of four or five years. The damage in the years 1906-1919 is

shown diagramatically in Fig. 7, and this regular periodity is well
marked. "WTiether it is accidental or significant cannot be deteiTnined

^i^
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PROGHOPPERS IN OTHER COUNTRIES, AND
LEGISLATION AGAINST FURTHER SPREAD.

In summarising the proofs, of the responsibility of the froghop;)er
for the condition in sugar-cane known as "blight "it is mentioned (p. 123)
that similar damage is known in other countries in association with the
same or other species of froghoppers.

In Central America records of damage are frequent and in nearly
every case the injury is to a grass or cane crop and is caused by a
froghopper of the genus Tomaspis, often closely related to the Trinidad
T. taccharina. The only case known outside Trinidad in which the
Trinidad insect itself has been found causing damage is in Grenada.

A summary is given below of the froghoppers of Central America
recorded as causing damage, or in other ways important in the present
investigation.

THE WEST INDIES.

TOBAGO.

Although only 22 miles from Trinidad in a direct line Tobago has its

own peculiar species of froghojaper. Tomaspis carmodiji, Kershaw
(Plate I Figs. 7 & 8) and the Trinidad T. saccharina has not yet been found
on the Island. The two are however closely related and difficult to
distinguish, but differ in several small points, chief of which are the
structure of the genitalia {see Kershaw 1913 D and F), the ground colour
of the wings, and the range of variation in the markings.

T. carmodyi is darker than T. sxccharina, less variable and does not
have the light form with yellow at the base of tlie wings as in the
variety distanti of T. saccharina.

On the other hand the two cross bands may be nuich reduced and
the whole insect almost unifoi-mally dark brown (Plate I Fig. 8),

a variation not found in the Trinida't species.

All records of T. saccharina from Tobago up to the present have
been mistaken identifications.

Although widely distributed in Tobago T. carmodyi has never been
recorded as damaging grass ur sugar-cane, and in this connection it might
be pointed out that the little cane now grown in this island is mostly in

mixed cultivation with other crops, particularly ground vegetables.

The rainfall is as a rule more evenly distributed during the year
than in Ti'inidad, although the wet and dry .seasons are still distinct.

I visited Tobago from the 9th to the 22nd Noveujber, 1916 and found
the vermilion parasite [Oligosita giraulti) present, and in September
1917, P. L. Guppy found a maggot of the Syrphid Fly (Salpingogaster
igra.) {See p. 67.)

The green muscardine fungus was not seen and has not yet been
recorded.
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GEENADA.

Grenada is about 90 miles North of Trinidad and froghoppers liave

only once been recorded as causing serious injury. This was at the end
of 1916 (a year exceptionally free from damage in Trinidad). A report on
this i.utbreak has already been publislied (Williams 1918 A;.

The insect was found to be the same as the Trinidad species

although previously recorded under a different name by Uhler (189:'5)

and thought to be different.

The outbreak occurred on two estates "Mount Home" and
"Xaingainfoix" in the East and centre of the island. The latter was
not seen but the former showed most of the typical symptoms of a
severe outbreak as seen in Trinidad. One of the fields was in plant
canes after 8 years in pasture. Both localities were in the hills at an
altitude of three to four hundred feet on a soil composed chiefly of

volcanic ash, and all the damaged fields seen were on steep slopes.

No parasites were seen and the green muscardine fungus was only
found on one adult.

Two or tljree pounds of the usual mixture of green muscardine
spores and rice flour were distributed in the fields in the hope of start-

ing an infection, and Mr. Berkel^-, the Manager of Mount Home,
informed me that a number of dead infected adults were found later on.

In the following year (1917) Hutsou (1918) reported that there was
" no extension of the infected area and the infestation has been less

severe than last year."

In m}- report, (I.e.) the wide distribution of the insect in the island

is considered as indicating that it is not a recent introduction. In the
collection of the United States National Museum at Washington there

are specimens from the following additional localities :—Mt. Gay,
Balthazar, and Gx'ande Ance.

ST. VINCENT.
There is a single specimen of the Ti-inidad froghopper Tomaspis

saccharina in the collection of the British Museum of Natural History
at South Kensington, London labelled St. Vincent. It was collected by
H. H. Smith about 1890 and recorded bj' mistake by Uhler (1895) as

Tomasjns incHyen'iiis, a species originally described from Mexico
which is not at present known to exist in the West Indies.

As it became necessary, for quarantine purposes, to find out if the

insect still existed in any numbers in St. Vincent, I visited the island in

I'ecember 1917 and spent three days searching suitable localities in the

southern half of the island ; but not a single speciraen was found.

If still present in the island it must be very rare in the parts visited,

and special quarantine regulations against the island based on the single

specimen at present known would be, in the absence of any further
evidence, undue interference with trade.

BARBADOS.
No froghopper has ever been found in this island and strict regu-

lations have been made to prevent their importation (see p. 50).

Local conditions of rainfall, soil, drainage and agriculture, however,
make it improbable that the froghopper would ever be a serious pest,

<iven if it should be accidentallv introduced.
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ST. LUCIA.

On the 21st July, 1917 I made a close search on grass m the vicinity
of Castries and in the sugar cane fields of Cul-de-Sac Estate and found
no froghoppers.

Mr. Brooks, the Agricultural Superintendent, who is familiar with
the insect in Trinidad, has seen nothing of it in St. Lucia, nor has it

been found by either Messrs. H. A. Ballou or J. C. Hutson in their
entomological visits to the island.

The evidence is inconclusive, but it is very probable that the insect
does not occur.

MARTINIQUE.
From July 15th to 20th 1917 I visited Martinique and made a close

search for froghoppers both in cane and grass. The vicinity of Fort-de-
France, the cane-fields in the district of Petit Bourg in the S juth of the
island, and also round St. Pierre in the North were examined but
nowhere were any found.

Mr. Bovell of the Department of Agriculture of Barbados, also

visited the Petit Bourg district in May 1917 and during an investigation
of root disease of sugar-cane, saw no trace of froghopper.

Mr. P. L. Guppy was also in the island in 1914 and Mr. J. B. Rorer
in 1915 and neither saw any trace of the insect.

Neither the Director of Agriculture, M. Bassieres, nor his assistant,

nor any planter to whom I spoke, had any knowledge of froth on the
roots of the grass.

It is improbable that any sugar-cane froghopper exists in Martinique.

DOMINICA.
The only known froghopper of the genus Tomasjns in the Lesser

Antilles North of St. Vincent is Tomasjns dominicana (Plate I Fig. 14)

described by Distant (1909 p. 187). It is about the same size as the

Trinidad froghopper, but the wings, which are dark brown, are each
marked with five reddish spots.

No locality or date is given in the original descrijjtion but three

specimens in the American Museum of Natural History, New York, are

labelled Long Ditton and Roseau, ISfch to 23rd June, 1911, aiul three

specimens in the collection of the New United States National Museum
in Washington are marked June-July 1913. About 20 specimens in the

collection of the Imperial Department of Agriculture for the West Indies

are marked June and July 1902 and October and November 1903.

Nothing is at present known of its habits and in its structure it does

not very closely resemble T. sacchaHna or the other grass feeding frog-

hoppers. It is possible that it may feed on some shrub as does

Tomaspis rubra in Trinidad.

CUBA.

In 1916 about 700 acres of pasture lauds covered with Paral grass

[Panii'Aim numidianiiin) at La Horqueta estate, eight leagues South-

east of the city of Caniinguey, were dried up and destroyed by a frog-

hopper Tomaspis {Monecphord) hicinctws, locally knowi\ as the ''saUvita"

(Plate I Fig. 18). P. Oarilin (1917) reported on a visit to this estate,

and from his account the following particulars are obtained.

The insect was first seen on September 1910 on sugar-cane in

Perico, Matanzas. In September 1915 it was again foand in abundance
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on sugar-cane. In January 1916 it was reported in small numbers all

o\er the Island by Loftin, and in April of the same year particularly on
grass in Barancou.

The insect is most abundant in the wet months from July to Novem-
ber and particularly so from September to November. The eggs are
laid in the soil and take 12 to 20 dajs to hatch. There are four nymph
stages occupying 32 to 40 days and in the later moults the insect goes
higher up the stem to the angle between the leaf and the stem.

In addition to sugar-cane and the above grass the insect has been
found on Guinea-grass (Panicum maximum), .Johnson grass (Sorrjhum
kalepense) and on A7idroiio(jon muricatus.

The damage to the pastures in the province of Caminguey in 1916
was estimated by Cardin as from $20,000 to |25,000, as even when the
grass survived it was badly covered by weeds. The loss to the sugar-

cane is stated to be not extensive or of long duration and can easily be
arrested by removing the lower leaves and cleaning the field of grass.

As a method of control in the pastui'es a broad hopper-dozer is

recommended, sixteen feet across and three feet high, drawn by two
horses, one at each side, and painted inside with tar to which the
insects will stick.

JAMAICA.

1 have received specimens from Jamaica which appear to be
Tomaspis {Monerphora) bicinctus, the same species that has been
recorded as damaging cane and grass in Cuba, but up to the present
there is no record of actual damage from the island.

Ritchie in his report for the year 1916-17 (Ritchie 1917) mentions a
Cercopid (froghopper) damaging the developing buds, blossoms and
berry-clusters of Pimento trees (Pimenta officinalis) in Jamaica but
it is almost certainl)^ not of the genus Tomaspis and is probably a
Clastopter^^T^.

Tomasjiis jamaicensis is described from the island by Distant
(1909 p. 197-8!, and Monecphora (Tomasins) hasalis by Walker (List

Homopt. Ins. Brit. Mus. III. (1851) p. 683.)

"ANTILLES."
Fabi'icius in 1794 (Ent. Syst. lY p. 48 (4) ) describes a froghoijper

Cercopis coccinea from the "Central American Islands." Tt is said to be
uniformly red without spots. In 1851 Walker (List Homopt. Ins. Brit.

Mus. Ill p. 666) says that it belongs to the genus Tomaspns. Nothing
further appears to be known of its habitat or habits.

CENTRAL AMERICA.

SURINAM (DUTCH GUIANA).

At the end of 1915 damage was caused to the cane on an estate in
Surinanj by a fi-oghoppei\ Mr. J. W. Gonggrijp in a letter to
Mr. F. W. Urich, Entomologist to the Board of Agriculture, Trinidad,
said that " the fields attacked looked as if they had been burnt " and
that the insect "had done a great deal of damage." Specimens sent
proved to be a species different from the Trinidad froghopper, and have
been identified by Mr. Urich as Tomnspis trisiis {see Plate I Figs. 16 & 17).

On the 19th May-'= I passed through Surinam on my way to British
Guiana and was able to spend a few hours at Marienburg Estate where

* In my report (Williams 1017) 'June" is printed by mistake for "May."
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the outbreak liiid occurred. A short report has iih-eady been pubUshcd
(Wilh'ams 1917). Very little damage was apparent at the time of my
visit and the most interesting feature was that the froghoppor differed

considerably in habits from T. saccharina. The nymph stages in the

fi-oth were not on the roots but were all on the stalk of the cane above
ground, usually under the leaf sheaths of the cane from three to four

feet up from the ground. In this connection it is interesting to note

that in Tomaspis qupi^iji, the only froghopper that we have in Trinidad

that is structurally related to T. tristis, the few nymphs so far dis-

covered have been above ground on the stalks of grass. {See p. 64.)

Tomaspis tristis is also known to occur in ]5ritish Guiana but so

far has not been reported from sugar-cane, nor has T. gup'pyi in

Trinidad yet left its native host plants.

BRITISH GUIANA.

A froghopper, Tomaspis flavilatera, Urich (Plate I Fig. 5) had been
known on sugar cane in British Guiana since about 1909. From that

date to 1916 small areas of some of the estates on the East Coast of

Demerara were frequently heavily infested, but no serious damage seems
to have occurred and the insect, ranked as a very minor pest of cane.

Short notes had appeared by Bodkin and Moore (see bibliography) but

it \\as not considered of sufficient injportance to warrant any special

investigation.

In 1916 I visited the country in a search for parasites and sum-

marised the work up to that year and the results of my own investiga-

tions in a subsequent report (Williams 1918 B).

The insect resembles very closely in habits the Trinidad sugar-cane

froghopper and both eggs and nymphs were found in similar situations.

A curious difference in the habits of the adults was however that in

British Gjuiana these spend the greater part of the day sitting on the short

succulent grass which grows by the moist drains through the cane fields,

and do not hide themselves in the axils of the leaves of the growing cane

to anything like the same extent as the Trinidad insect does. Advantage
was taken of this habit to reduce their numbers by catcthing the adults

during the day with strong cloth nets which were swept along the drains

by small boys. In this way several thousand could be caught in a day

by one boy at a cost nmch below that of the previous method of hand
collecting the nymphs. During September 1916 one estate caught

588,540 adults in this way at a cost of two cents (Id.) per hundred.

Forty-six per cent, of the individuals captured by this method were

found to be females.

In 1917 H. W. B. Moore (1918 p. 12) continued his investigations and

made the important observation that the eggs were laid in the ground

as well as in the dead trash. " In one case a piece of earth about ^ of

an inch long, I in width and | in. thick had stuck in it over 60 eggs."

The insect remained of very little consequence until May 1918 when

it suddenly appeared in enormous numbers in three widely separated

districts.

G. E. Bodkin (1918 A.) reported the great increase of the insect and

warned planters to keep a strict watch for its appearance, and in a later

report (1918 B.) he stated that the insect " has demonstrated that it is

perfectly capable of doing immense damage." He was of the opinion

that the"^ sudden increase was due to abnormal climatic conditions, chiefly

heavy downpours of rain which caused the soil to become waterlogged

and the canes to become backward and stunted. The froghopper then

finished up the already weakened plant.
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Moore in his Annual Report for 1918 (1919 p. 7-13) gave a fuller

account of the outbreak and came to similar conclusions. He con-

sidered that the abnormally wet weath<!r of the first six months of the

year was the cause of ihe serious infestation. The soil became water-

logged, grasses and weeds grew apace, and could not be kept within

b( unds, and as a result of this the canes had already sufifercl before the

froghoppers appeared. Mocre made further observations on the eggs.

which he recorded as abundant in the loc^se soil of worm castings, and
also pointed out the close relation between the abundance of the

insect, the severity of the damage, and the texture of the soil, the canes

on heavy clay soils being in every case more damaged than those on the

lirrhter soils.

No serious attack seems to have occurred in 1919 but the conditions in

l-Jritish Guiana at present resemble very closely indeed those prevailing

in Trinidad about tlie year 1906 when the insect, after being of small

consequence for many years, suddenly demonstrated its power ; it is to

be hoped that British Guian i will not experience a series of attacks

"similar to those which have occurred in Trinidad since that year.

COLOMBIA.
In 1913 Vargas Vergara published, a shoit note on the damage done

by Tomas])is bogotensis {see I'laty I Fig. 10) in Colombi.i. He stated

that for many years the pastures in the Tocaima and Casai Viejas

region had suffered severely from the ravages of this insect, locally

known as "el mion'. Tocaima is about 30 miles W.S.^Y. of Bogota

a id is about 190 miles from the Tacific ; Casas Viejas I have been

unable to locate.

Since that date several inquiries have been received by Mr. Urich as

to methods of control and the use of green" nmscaidine. so that

apparently the damage still continues.

BAN\MA.
No froghopper of the genus Tomaspis appears to be of serious con-

sequence in this country. In the collection of the U. S. National

i\Iuseum of Washington are three specimens of Tomaspis lepidior.

Fowler (Plate I Fig. 11) labelled "Panama, injuring gi-ass. Dr. A.

Precindo" and Urich (1913 C. p. 8) mentions that Mr. A. Busck found

the same species on cane where it was well known to the natives.

Of n;iore importance from an economic point of view is a froghopper

of quite different habits and relationships, an undescribed species of

the genus Clastoptera which I found in Panama and Costa Rica damag-
ing the flowers of cacao {Theohroma cacao).

The insect is scarcely one third the size of Tomaspis saccharina and
the nymphs live, several together, in masses of froth on the flower

stalks of the cacao. The flower is killed and drops off, and in heavily

infested trees as many as 75 per cent, of the flowers were destroyed in

this wa}-. It is only the fact that the cacao tree usually produces a

large excess of flowers that prevents the insect being a serious danger
in the localities where it occurs.

The cacao froghopper was also of particular interest as the froth was
found to contain the larvae of a fly [DrosopJiila sp. ) not previously

known as a froghopper parasite, {see p. ). A fuller account of this

insect is in preparation and will be published later.
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BRITISH HONDURAS.
In 1883 in a report on "The Colony of British Honduras" p. 35-56,

Sir Daniel Morris mentions a froghopper damaging tlie sugar-can \'\

that Colony. He describes the white froth on the cane roots which
appears about the end of July and from which the mature insect
emerges in August. "While affected in this manner the canes bee >ins

stunted in growth but even afterwards with the mature insects they are
not free from injury, as the fly attacks the leaves and cau-;es them to be
spotted and eventually to die off. Tlie lower leaves appear to wither
first, but the upper are soon attacked and sometimes so severely as to

cause the whole to fall off, leaving nothing but the bare canes standing.
Even among the canes not severely attacked the joints are short and
poor. About the end of September and October the fly disappears. The
canes after a time, relieved from the attacks of the fly, make very f lir

growth, their joints become long and full and they continue to devel jp

until cutting time. The fly is more severe in damp and wet lands, in

lower portions of fields, than in dry powdery lands."

Urich (1913 C. p. 8) suggests that the insect is probably T. postira.

which is known from British Honduras and which has been recorded
as damaging sugar cane in Mexico. (See below.)

Since the above was in print I have had the opportunity of examining
specimens collected in British Honduras by Mr. W. R. Dunlop, according
to whom the insect continues to do severe damage to sugar cane.

The insect is not Tomasins postica but is very close to T.jugata
Fowler, known from Guatemala and also to T. cnntigna from Honduras.

MEXICO.
According to Urich (1913 <_'. p. 7) damage in the state of Vera Cruz,

Mexico by the froghopper Tomaspls postica (Plate I Fig. 13) has been
known since 1880. It usually injures tlie grass lands and pastures, but
in 1903 it was found to attack sugar-cane also. In August and
September the adult insects are in abundance, as well as later during
the dry season in October and after, causing considerable damage to the

pastures. It was controlled by burning the pastures in April and May.

Mr. Urich visited Mexico in 1911 and a short report was given to the

I'oard of Agriculture at the meeting in January 1912 (Ball. Dept. of
Agr., Trinidad and Tobago Vol. XL No. 71 p. 298). He stated that the

froghopper was abundant on cane and grass in low lying damp ground,

and was less numerous on porous friablj sjilo. I ^ was not so c^iniuju

as in Trinidad, which he considers as due to the absence of boucans
(rows of unburied trash) in the fields.

No egg parasites were found, but a Beduviid bug {Castolus plagiati-

collis) was found feeding on the adults. This was introduced into

Trinidad but unfortunately did not survive {see p. 81). The green

muscardine fungus was common on the adult froghoppers and in a later

report Urich (i913 B. p. 249) further records a fungus of the genus
E)npusa which was also killing the adults.

U. S. A.
A froghopper, probably Tomaspls {Moneepltnra) bicinctits, has been

found in the Louisiana district on sugar-cane but has never done any
appreciable damage.

In the New York district, Timothy and other grasses have been

damaged by two small froghoppers Philaenus Uneatus and P. spumariiis.

Felt (olst Kept. State Entomologist, New York p. 87) recommends
rotation of crop to prevent further damage.
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DAMAGE IN OTHER CONTINENTS.

In England Aphrophora sp. has been recorded as damaging roses
during June and July (Gardener's Chronicle LXV (1919) p. 122) and
other species of the same genus occasionally damage pastures.

In India Cosmocarta relaia is a serious local pest in Mysore and
Cooig on .]ak (Artocarpus inteq rifolia) (Fletcher, South Indian Insects

p 495) and Machcerota planitae makes calcareous tubes on cotton and
frequently stunts its growth {Revieio of Applied Entoynology IV. A.

p. 225).

LEGISLA.TIOX AGAIN'ST THE SPREAD OF THE FROG-
HOPPER IN THE WEST INDIES.

The onh' two islands in the West Indies that have brought in.special

quarantine regulations to prevent the introduction of the froghopper are

Barbados and St. Lucia. The text of the orders in question is given in

full below.

BARBADOS.

Order

Made by the Governor-in-Executive Committee under Sections

45 and 46 of the Trade Act 1910 (1910) 6, prohibiting the
importation of Sugar-cane, etc., from South America,
Central Amei-ica, British Guiana, Trinidad, Tobago, Grenada
and St. Croix, and prescribing the conditions under which
plants, etc., may be imported from such countries :

—

1.— (1) Sugar cane or any part thereof or any other plant of the

order Gramineae or any part thereof, or any growing plant of any other

order, or any soil or earth or any goods, packages, articles, coverings or

things in which the said sugar-cane or any part thereof or any other

plant of the said order or any part thereof or anj- growing plant of any
other order may be or may have been packed or otherwise contained

shall not be imported or brought into this Island from the following

places, viz :—South America, Central America. British Guiana, Trinidad

Tobago, Grenada and St. Croix.

(2) Any plant of the order Gramineae or any part thereof or any
plant of any other order or any part thereof in which it is possible for

any insect pest of tlie sugar cane to be introduced into the Island (used

as food or ije'^ding for any animal) on board any vessel arriving at

Barbados, from any country mentioned in the preceding sub-section, shall

before such vessel enters the careenage, be thrown over-board and the

deck of such vessel be washed.

(3) Manufactured articles, dried seed or grain, dried stems or

leaves of any plant of the order Gramineae such as barley, guinea corn,

maize, rice, rye, o^ts, wheat and hay or any other article which, in the

opinion of the Superintendent of Agriculture is not likely to introduce

the Iroghoj^per, (Tomaspis varia Fabr.), the giant moth borer, (Castnia

licus, Drury) or any other insect pest of the sugar-cane shall be

exempted from the operation of this order.

2- If the Superintendent of Agriculture is satisfied that there is an
outbreak of any fungoid disease or any insect pest in any country, he

may, if he think fit, fumgiate or disinfect, or both fumigate and disinfect

or order the destruction of any plant or part thereof or any article or

thing in which it is possible for such fungoid disease or insect pest to

be introduced into this Island. The destruction of any such plant or
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part thereof, or any such article or thing, shall take place in the presence
of and in accordance with the instructions given by the Superintendent
of Agriculture or his Assistant. Should the importer decline or refuse
to destroy any such plant or part thereof, or any such article or thing
in the presence of, or in accordance with the instructions given by the
Superintendent of Agriculture or his Assistant, the Superintendent of

Agriculture shall have such plant or part thereof, or any such article or
thing destroj'ed, and may recover the cost from the importer in a
summary manner before a Police Magistrate.

3. This order shall not ap[)ly to any of the above-mentioned articles

when imported by and for the Superintendent of Agriculture of Barbados,
or the Imperial Commissioner of Agriculture for the West Indies for

scientific pur)30ses, with the previous consent of the Governor-in-Execu-
tive Committee

; provided that the Superintendent of Agriculture of

]3arbados or the Imperial Commissioner of Agriculture for the West
Indies so notifies the Comptroller of Customs or the Colonial Postmaster.

4. The order made by the Governor in Executive Committee, on the
'2ord day of May 1912, is hereby repealed.

Made by the Governor in Executive Committee this 21st day of

!N'ovember, 1912.

J. A. BURDON,
Colonial Secretary.

ST. LUCIA,

A Proclamation

To prohibit the Importation of any plants, &c., belonging to the

Natural Order Graminaceae [sic] from certain places.

By His Honour Reginald Popham Lobb, Esquire, Companion of

the Most Distinguished Order of St. Michael and St. George
The Officer Administering the Government of the Island of

Saint Lucia and its Dependencies, &c., &c., &c.

"R. Popham Lobb,

Administrator (Acting).

By virtue of the power in me invested in that behalf by section three

of the Plants Protection Ordinance, 1909, No. 12, and of all other powers

enabling me in that behalf, I, Reginald Popham Lobb, The Ofl&cer

A(hninistering the Government of the Island of St. Lucia by and with

the advice of the Executive Council of Saint Lucia, do hereby absolutely

pr.ihibit until further proclamation, the Importation into this Colony of

any plants, cuttings, fruits or any parts thereof belonging to the Natural

Order Graminaceae that may have come either directly or indirectly from

Trinidad or Grenada.

Provided that this prohibition shall not apply to any of such plants,

cuttings, fruits or any parts thereof which are imported under licence

given by the Governor and subject to the provisions and conditions of

such licence. _
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And I do hereby order that this Proclamation shall come into force

on the day of its first publication in the Saint Lucia Gazette.

Given under my hand and the Public Seal of the Island

of Saint Lucia at the Government Office, in the said

Island, this twentieth day of September, in the

Year of Our Lord One thousand nine hundred and
seventeen and in the eighth year of the Reign of

His Majesty King George the Fifth.

By His Honour's Command,

B. P. E. BULSTRODE,
Chief Clerk, Government Office,

God Save the King.

Note.—The above Proclamation is i-ssued to protect the St. Lucia

sugar industry against the introduction of a small insect known as the

Froghopper which is capable of doing very serious damage to sugar-cane

cultivation.

The sugar-cane froghopper lives on almost any kind of wild grass as

well as si^ofar-cane, and it has therefore been necessary to include the

whole of the grass family known as Graminacese within this Proclamation.

The Graminacese is one of the most valuable and extensive Order of

plants, and comprises between 3,000 and 4,000 species. To it belong

the cereals and pasture grasses.
.

The importation therefore of such plants as sugar-cane, bamboo,
wheat, barley, rye, Indian corn, millet, Guinea corn, rice, .Job's tears,

and all grasses, are prohibited except under the conditions of this

Proclamation, from the places mentioned in the said Proclamation.

-#>-
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THE TRINIDAD FROGHOPPER.

NOMENCLATURE AND SYSTEMATIC POSITION.

Tlie Trinidad froghopper is a member of the family Cercoindce of the
Hemiptera-Homoptera. The family includes all the insects which are

known typically throughout the world as " froghoppers," " fioth-hoppers,"
" spittle insects," " frog-spit," and "cuckoo-spit," in each case the name
being derived from the white froth which surrounds the young insect

and its ignorantly supposed connection with the spittle of various

animals.

The Trinidad species belongs to the geiuis Toinaspls which in its

present accepted sense is confined to the American Continent, but
relaied genera in Europe and Africa can scarcely be accurately

distinguished.

It was first discovered by J. H. Hart in November 1889 and identified

as a species of the genus Thomaspis [sic] (Hart 1890 p. 126).

In 1895 P. R. Uhler named specimens of the same insect found in

Grenada Totnaspis pictipennis Stal, an insect previously known only
from Mexico.

In 1906 in an unsigned article in the ' Agricultural News " p. 330 it

is referred to as " perhaps T. bicincta."

In 1909 Collens (1909 B.) reports that s[)<.'cnnens sent to the Bureau
of Entomology, Washington D.C. had been identified as Tomaspis
postica Walkei", an insect originallj' described from Mexico. In later

references this name was sometimes written as T. poHticata.

In 1909 Distant described the insect, from specimens sent to the

British Museum, as Tomaspiti saccliariiia. a new species found in

Trinidad, Grenada and St. Vincent.

In 1911 specimens sent to Prof. E. I). Bali by Urich were identified

as Toviasjns varia (Urich 1911 A.), an insect described from French
Guiana by Fabricius in 17H7 and never recorded since.

The present position is that we know the names T. postica, T. picti-

pennis and T. hicincta to be mistaken, and the use of the name T. varia,

though possibly correct, implies that the same insect is found in French
Guiana, which is not known and is, in view of recent work, improbable.

Under the circumstances the name T. sacclmina has been adopted as

that liable to cause least confusion.

DISTRIBUTION AND ORIGIN.

Tomaspis saccharina is at present only known from the West Indian

Islands of Trinidad, Grenada and St. Vincent. The record of the last

locality is based on a single specimen in the Biitish Museum.

The small island of Patos between Trinidad and the mainland of

Venezuela was visited in June 1918 but no specimens were seen there.

Gough (1911 C. p. 22) gives Tobago and Demerara as additional localities

but both of these are mistaken records.

In Trinidad the insect is found throughout the island w'herever the

canes or grasses necessary for its food can be found, in the hills and

on the plains, in the cultivated as well as the uncultivated districts, and
in the cocoa districts as well as those given over to sugar-cane.
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It is of some importance to decide whether the insect is native to

these islands or is an introduced pest. Kersha\v (1913 C. p. 8) considered
that it was indigenous to Trinidad for tlie following reasons :

—

" (1.) There are at least four species of the genus in the island.

" (2.) It prefers various native grasses as food plants to canes.

''
(3.) It has at least two egg parasites and the nymphs are killed

off to some extent by the larvae of native Hover-flies (Syrphidae.)

"(4.) There are very commonlj' one or two large parasitic worms in

the abdominal cavity among the viscera of the adult frog-

hopper, and these worms also occur in other Homoptera here."

On the other hand in a letter written in August 1916 Mr. Kershaw
suggests that I should search for parasites in Argentina "because of

rumours of much forage Ijrought thence to Trinidad some 30-40 years
ago," which would imply that he still thinks it possible that the insect

might have been introduced with the grass from that country.

Urich (1910 C. p. 4) says that there i-s no doubt that it is indigenous
to Trinidad, but gives no evidence in support.

If it should be an introduced pest it must have been here at least

£fty years {see Section III.) but in addition to the arguments for its

being native given by Kershaw''' we now know that there are closely

related species in the various surrounding countries. Tobago has T.

carmodyi, British Guiana has a species very closely related to T.

carmodyi in the North-West-District and T. Jiavilatera on the Demerara
and Esseqnibo coasts. At La Guayra, Venezuela, I found yet another
closely related species, Toinaspia propinqiia Walker, and others occur

at intervals of a few hundred miles along the coast.

It seems to be the rule rather than the exception in Central Amei'ica
for the species of the genus Tomaspis to have a range limited to a few
hundred miles at most.

In view of these facts it is difficult to find any reason to suppose
that T. saccharina is not native to its present habitat, and it is probable
that it occurs in the neighbouring mainland, which, however, up to the

present has not been visited.

On the other hand its occurrence in Grenada and St. Vincent is more
probably due to accidental transmission in comparatively recent years.

ADULT—DESCRIPTION AND VARIATION.

Tomaspis saccliarina Distant 1909. (Plate I, P'igs. 1-4).

General appearance : Length 7-9 mm. (^-^ inch), width across folded

wings 3"5-4".5 mm. (^-J inch). Forewings dark brown with two narrow
transverse bands of a lighter colour and sometimes parts of the base of

the wing also light.

Head, pronotum and scutellum dark bronzy brown. Face and
prothorax and a sublateral band on each side of the abdomen beneath,
Blackish bruwn. Legs dark blackish brown except at base of front and
mid tibiae and base of femora of hind legs, which are lighter. Abdomen
above and beneath red-brown in the male and brown in the female.

Vertex broader than long, rounded in front, centrally carinate and
longitudinally depressed on each side before the eyes. Face compressed
centrally, longitudinally carinate, somewhat regularly rounded to

clypeus. E^'es black. Tegmina less than three times longer than broad.

*I cannot quite agree with the word "prefers" \n No. (2).
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Variation. The markings of the wings are of two quite distinct

types, a light form and a dark form, each of which is slightly different

in each sex.

Dark Form. (Plate I, Fig. 3 female. Fig. 4 male) (Type form of

Distant 1909). The ground colour of the wings is a dark chocolate brown,
across which run two narrow pale brown bands. The front band, at

about one-third the wing length from the base, is narrowest towards
the hind margin of the wing and expands slightly towards the
base of the wing near the costa, giving a curved appearance. The
second band, at a little more than two-thirds the wing length from the
base, is narrower, straighter and also slightly expanded on the costa.

The outline of these two bands is more distinct in the male than in the
female and the colour is paler cream in the former and a more yellowish
brown in the latter. Beyond the outer band the wings are slightly

more hyaline.

Light form. (Plate I, Fig. 1, female and Fig. 2, male) (Varieties

A. & B. of Distant 1909 and Var. distanti and var. tricolor oi Lalleniaiid.

1912 p. 97.) The ground colour of the wing, and the outer band are

similar to the previous form, but the whole basal third of the wing is

light with the exception of an oblique brown streak which runs across it

along the claval suture. The markings of the male are again more sharply
defined and paler than those of the female. The internal light basal
portion of the wing {the clavus) of the female of this variety is very
distinctly darker than in the male.

Although each of these two forms is subject to slight variations,

they are always readily distinguishable from each other and for some
time I suspected that we had to deal with two related species. An
examination of the genitalia however failed to show sniy constant
difference, and as they were later found to interbreed quite readily they
probably repres'ent Mendelian varieties.

Both forms are found side by side, but the light variety is usually

more abundant than the dark form. This excess is in most places slight

(up to fJO per cent.) but in the district round Sangre Grande I have
alwaj's found a very large excess of the light form, the dark one being
quite uncommon. Table III shows the proportions in specimens
(Mptnrod afc random by hand or light ti'aps. There is no reason to

sui)nose that one variety is more likely to be captured than the othei.

TABLE III.

District.

Northern Sugar Area...

Central Sugar Area
Southern Sugar Area
Sangre Grande

Observations of specimens seen pairing in the field showed in 20
cases both sexes of the same variety and in 16 cases opposite forms.

Occasionally a variety is found in which the eyes are bright red

instead of the normal black. AVithout special search I have seen six

such specimens in the course of three years. It is not an immature
stage as the insect normally develops the full black of the eyes before

leaving the last froth formed by the nymph.

A similar variety has also been seen in other species e.g., T.Jlavilateru,.

T. puhcscens and an unidentified related species in Panama.

PKOPORTION OF SEXES IN THE FIELD.
The two sexes appear to be in more or less equal proportion in the field.

Urich (1913 C. p. 18) says that 51 per cent, of the adults in the fields

during the day are males.

Lii/lu
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Goujrh (1911 C. p. 17i found a slij^ht excess of females (2,098 males to

2,259 females) in adults captured by hand in the fields but points out
that light traps had been recently used in the field which would reduce
the nuujber of males, and in addition the greater activity of the latter

sex makes them less liable to capture by hand.

In adults caught in -.i net by sweeping the canes and grass at dusk I

found only HI per cent, of females but in this case the greater activity

of the male has an opposite effect and makes them more liable to leap

up into the passing net.

The proportion of the sexes actually in the field at any moment will

also be influenced by the relative length of life of the two. Towards the

end of the brood the longer living sex (in this case the female) will

gradually predominate.

ANATOMY.
The onl}' important studies on the anatomy of the froghopper have

been made by Kershaw. He describes the breathing svstem of the

nymph (1913 C.), the mouth apparatus of. the adult (1913 H & 1914), the

alimentary canal (1914), the reproductive system (1913 G.) and the male
genitalia (1913 D.)

The salivanj glandu : In 1913 H he describes the mechanisui of

the sucking of the sap and also of the supply of saliva to the setae which
pierce the leaf. The salivary glands open by two flexible ducts into a

syringe or pump, by means of which the saliva is forced out when
required on to the setse of the mouth, down which it flows into the

wound in the plant. "It is supposed that the saliva flowing into the

wound made by the setae tips prevents the coagulation of the sap or aids

its free flow. Be this as it may, the saliva is full of enzvnies (ferments)

and since it is sucked back into the stomach along wi^ the plant sap,

it aids in digestion."

Later (Kershaw 1914 p. 70) he says that the salivary glands differ

slightly in the nymph and adult. They consist of a great length of coiled

chitinous dnct situated entirely within the head, which he believes to

act as a reservoir ; and twelve tubular glands, eleven of which are longer

than the body and somewhat coiled or recurved in the abdomen among
the fat body, the twelfth is shorter and thicker and lies partly within the

head. The secretion of the glands appears to be neutral or faintly alkaline.

The above descriptions are quoted in view of the possible importance

of the saliva in setting up the destruction of the leaf round the puncture

of the adult by some toxic or enzyme effect.

The rest of the alimentary canal is described fully by Kershaw (1914)

including a remarkable enfolding of a portion of the mid-gut and

malpighian tubules by a lateral pouch at the juncture of the oesophagus

and mid-gut, which he considers is an arrangement for getting rid more
rapidly of innutritions liquid in the food in the oesophagus.

Beproductive System : In 1913 G. p. 95 and plate on p. 104 Kershaw
describes the reproductive system of both sexes. In the female each

•ovary consists of about 20 egg tubes and each tube produces usually

three eggs or a probable total of 120 eggs for each female. There are a

pair of collcterial glands operiiug into the oviduct and a bursa-copulatrix.

In the male there is a single accessary gland attached to each duct.

HABITS OF ADULT.
The adult after emergence remains inside the froth chamber formed

by the nymph for some hours until the chitin has hardened and the

-colour developed. Emergence has been noticed more frequently in

the early morning, but this may be due to the fact that search has most
frequently been made at that time.
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Shortly after changing to the adult the insect voids a small quantity
of white semi-solid excreta. Kershaw (1914 p. 68) had this analysed and
fouid 36 per cent, water, 20 per cent, organic matter and 44 per cent,

eali'ium potassium phosphate with minute ti'ace of iron.

During the heat of the day the insect remains hidden away among
tile grasses or in the vipper axils of the cane plants into which position

it invariably gets by backing down the leaf, so as to be head upwards in

its hiding jjlace and, as a result, more free to escape by jumping if

necessary. Apparently little or no feeding is done in this position.

In the late afternoon and early evening the adults gradually leave

their hiding places and come out on to the leaves. This takes place

earlier or later according to the condition of the day. On wet cloudy
overcast days they begin to come up about 4.30 in the afternoon and
have been seen in thousands sitting on the leaves by 5 p.m. On hot clear

days they seldom start to move until 5.30 an i are usually mostly out shortly

after six. In this country the sun sets about 6.45 in July (first brood)

and about 6.15 in October and November (last brood).

During the daytime adults can only be c lught by hand individually

from the axils of the leaves, but once they have come on to the leaves

they can be caught by thousands with nets {see p. 146).

A.S soon as it becomes dusk the adults (males especially) begin to tly

about. Nothing is knowi of the distance that they can fly, usually it

appeal's to be small. In order to test the hour of the greatest flight five

light traps were put out in a field on the 9th .luly 1918 and the insects

caught were removed at the end of each hour. Fig. 8 shows the results,

from which it will be seen that the greatest flight was in the first hour
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of darkness with a gradual and regular reduction throughout the night,

and further that over half the total were caught in the first three hours.

In the early morning the reverse process takes place to that in the
evening and by 7.30 a.m. to 9 a.m. according to the brightness of the
day, all the adults have returned to their hiding places in the axils of

the leaves.

Feeding takes place at night and the amount of sap sucked out by
one insect is extremely large. Dm-ing the whole time of feeding drops
of liquid excreta are ejected from the anus at a rapid rate. According
to McLeod (1908 p. 554) a drop of excreta is produced every 12-13
seconds. '' A single insect under observation extracted and voided

^ drachm of clear liquid in one hour." With fifty froghoppers per stool

each sucking tor eight hours during the night about one and a quarter
pints of sap would be removed from each stool during the night. This
drain would last from two to four weeks in bad attacks.

Kershaw fl913 G. p. 100) notes that the excretion tested by two
different methods showed no trace of sugar while sap extracted directly

from the leaves was found to contain plenty. The absence of sugar in the
excretion probably accounts foi the fact tliat no "black blight" fungus
growth appears on the infected plants as is the case with tlie cane-fiy

(Deljihax).

At this point it might be mentioned that, in company with a planter,

I tasted an adult froghopper, and we agreed that the taste resembled
that of grass and was not unpleasant. ^

Pairing appears to take place at all times of the day and night. Urich
considers (1918 C. p. 17) that the female pairs shortly after emergence
and both Urich and Kershaw state that the males probably only pair

once. More evidence is required on this point as, should it prove to be
true, the use of light traps in the fields might be of greater consequence
even if only mules are destroyed thereby.

Egg laying takes place usuall_\ at night. In captivity the eggs may
be laid in any material that can be pierced by the ovi]:)ositor of the

female, as for example in damp blotting paper, but in the field the eggs
are laid in two definite situations : (1) in the dead partly decaying
moist leaf sheaths near the ground, or (2) in tlie ground itself.

The eggs are laid two or three at a time at short intervals and a total

of from forty to one hundred can be laid b.v one female. Kershaw (1913

G. p. 95) from dissection considers that 120 is the maximum number
that can be laid and thar they are matured in three batches.

THE EGG.
Description. The egg is about 0*75 mm. long by about 0*25 mm.

wide (0'03 x O'Ol inches). Three times as long as wide and more pointed

at the anterior end than at the posterior. For the first few days it is

yellow in colour, but a dark longitudinal streak gradually develops at its

anterior end leading from the tip to about half the length of the egg and
broadest near the anterior end. This is the hatching lid which breaks

away from the rest of the shell and allows the 3'oung insect to emerge.

Kershaw (1913 G. p. 96) has described in detail the internal structure

of the egg and the position of the "egg Ijurstei" which is used by the

young nymph to force up the hatching lid.

Position. In the dead leaf sheaths of the cane and grass the eggs

are inserted head-end upwards and slightly projecting outward in a slit

made by the ovipositor of the female in tlie tissue between two vascular

bundles. The trash chosen by the female is nearly alwaj'S that moist

partly-decayed trash which is attached to the stem within a few inches

of the ground. Eggs are also laid in a similar manner in the earth round
the base of the stool. In British Guiana T. fiavilatera has been found

by Moore (1919 p. 9) to lay also in this situation, particularl3', he

believes, in the soft earth of worm casts.



SECTION V.—TRINIDAD FROGHOPPKR. 59

Duration. The egg stage lasts for a minimum of about two weeks
in favourable moist conditions, to a maximum of six months or more
when the dry season intervenes.

There is some other factor concerned with the hatching which is not
yet understood, as in many cases thousands of eggs laid by the third

brood in October and November do not hatch to produce a fourlh brood,
even though two or three months of wet weather follow, buL stay at an
early stage of development during the remainder of the wet season and
throughout the dry season and then produce the enormous first brood
which sometimes occurs in certain localities. There is some evidence
that this may happen even with eggs from the second brood.

In this connection Kershaw (1913 G. p. 99) gives some interesting

but confusing results obtained by Guppy showing that eggs collected in

December 1912 and kept dry for four months (till April '21st, 1913) did
not hatch regularly on being moistened, but irregularly over an interval

of from fourteen days to two months, and at the end of this period there
were still two healthy eggs not yet hatched.

THE NYMPH.
Descriiition and Moults. There has been some disagreement between

investigators as to the number of moults of the nymph. Urich (1910
C. & 1913 C.) considers that there are three moults after hatching
resulting in four nymph stages. Gough on the other hand (1911 C.

p. 13-14) describes five nymphal stages and Kershaw (1913 G. p. 97)

recognizes the same five stages but points out that the young nymph
moults as it hatches from the egg leaving behind the first skin, so that
there are six moults, the last of which produces the adult insect.

I have been unable to distinguish the last stage mentioned by
Kershaw and Gough and consider that there are five moults including

that in the egg, and the last one which produces the adult insect.

The four nymph stages after leaving the egg are shown in Fig. 9.

/ B \

Pig-. 9.

Fig. K—Tlie four nymi>h stages of the froghopper.
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Stage I. (Fig. 9 A.) Total length 1-2 mm. Pale yellowisli browu
with a faint reddish mark on each side of the abdomen. No traces of wing
rudiments on hind margin of either meso or meta-thorax. Antennae five

segiBented, lengths of segments in millimetres :— 1, 0"03
; 2, 0*0B ; 3, 0'03

;

4, O-O? ; 5, 0-04 ; Total length of antenna 0-15 mm.

Staffe II. (Fig. 9 B.) Total length 2-6-3-6 mm. Pale yellowish
brown in coloin-. Hind angles of the meso and meta-thorax very
slightly produced indicating the rudimentary wings. Antennre six

segmented. Length of segments in mm.:— 1, 0*08; 2, 0'06 ; 3, 0*08

;

4. 0-0.5 ; 5, 0-05; 6, 0-06; Total length of antenna 0-40 mm.
Stage III. (Fig. 9 C.) Total length 4-5*5 mm. Head and thorax

pale brown distinctly darker than the rest of the body. Wing rudiments
quite distinct but scarcely longer than wide at the base. Antennae seven
segmented. Lengths of segments in mm. 1, 0'13

; 2, O'll ; 3, 0'15
;

4, 0-09 : 5, 0-08
; 6. 0-07 ; 7, 0-08 ; Total length of antenna 0-72 mm.

Stage IV. (Fig. 9. D.) Length 6-5-8-0 mm. Head, thorax and
wing rudinaents brown, abdomen yellow. In nearly mature specimens

the colour of the adult shows through inth-elegs, body and wings. Wing
rudiments longer than broad at the base and reaching to the third

abdominal segment. Antennte eight segmented. Length of segments
in mm. 1, 0-20; 2, 0-16; 3, 0-30; 4,0-18; 5,0-20; 6,0-10; 7, 0-14;

8, 0-12. Total length of antenna about 1-38 mm.

HABITS OF NYMPH.
The nymphs suck the sap from the roots of the food plant at and below

the surface of the ground. They may be quite exposed on the surface,

(Plate III.) but more usually prefer the conditions and the soft roots

developed under heaps of trash lying on the surface. In well broken
soil the greater number seem to be at a depth of from two to four inches

but many descend still lower than this and may be found occasionally

as deep as eight or ten inches below the surface.

Above the ground they are sometimes found feeding on the adventi-

tious roots of the cane beneath the leaf sheaths, and in such a position

they have been seen over two feet from the ground. This refers to the

feeding and developing nymph; when full fed, however, those below
ground normally come up to some point a little above the surface where
they make a final froth chamber in which to moult to the adult. In most
cases there is no feeding when in this position and the froth must be

made fi-om reserve material.

These last moulting chambers are usually only a few inches above the

surface on some grass blade or cane stalk, but they have been seen as

high as three feet from the surface. After the adult leaves this chamber
the froth dries and retains its shape for some da^'s.

THE FROTH.
The froth round the n^-mph is one of the remarkable characteristics

of the Cerc02nd(P or Froghoppers. It consists of a gummy liquid

secreted by the alimentai';\- canal, in which air bubbles are blown by

the insect by means of its breathing system, which opens ventrally into

a chamber formed beneath the abdomen by the overlapping sides of

the latter.

The nymph may readily be watched protruding the end of the

abdomen from the froth to take in a supply of air and then withdrawing

it into the froth and forming a bubble beneath the surface.

The gummy substance which gives the excreta of the nymph its

viscosity and tenacity is, according to Kershaw, a mucin or a mucinoid

and is produced in his opinion by the antei-ior portion of the malpighian

tubes (Kershaw 1913 C. p. 3). He states that "if part of a nymphal
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tube is placed in alcohol the contained niucinoid shrinks and coaTuLites
and can be dissected out as a very pale yellowish substance. If this
coagulated material is then placed in water it quickly swells and beconi"s
viscid, pale bluish, translucent and just as capable of being drawn out
into viscid threads as the untreated material fresh from the tubes."

On the other hand Uriel) (1918 V. p. 28) quotes Gilbeau (American
Naturalist 1908) as saying that the mucilaginous substance is secreted
by hypodermal glands known as the "Glands of Batelli."

Some of the froth was submitted to the Government Laboratory Ijy

Mr. Kershaw in 1913 and Mr. Shrewsbury reported that "The frofcii

held for four days finally, breaking down to about O'l cc. of a clear straw
coloured liquid, with a decided earthy odour, which consisted mainly of
a solution of sodium and potassium chlorides. A small amount of
organic matter was also present, the nature of which has not so far been
determined. There is no evidence of the presence of any protein.
Numerously active moving protozoa were present in a minute amount of
sediment left adhering to the side of the tube. These were mainly of
two types, one oval and the other eel-shaped."

Kershaw (1914 p. 60) states that in addition there are "numbers of
crystals, those of calcium oxalate are numerous, uric acid, leucine
pellets and urates are also present."

The froth is of veiy considerable value to the nymph as a protection.
Contained in its cavities is sufficient air to supply the Jiymph for some
considerable time, vyhich allows it to survive immersion or temporary
water logging of the soil, and also makes it immune to destruction by
poisonous gases as found by Carinody and Kershaw (Kershaw 1913 C).
The covering also keeps the nymph moister in times of drought and
excessive heat. It also acts as a protection against contact insecticides,
which have to be of very great strength to kill the nymph unless the
froth is first removed.

Perhaps the greatest value of the froth to the nymph is the protection
it affords it from the thousands of predaceous insects, particularly ants,
that are continually wandering over the ground in a tropical country.

On one occasion in British Guiana the ants during the night gained
access to my laboratory table, entered iny breeding cages and killed all

adult frogboppcrs and other insects (including Syrphid flies) that I had
there, but the froghoiiper nymphs remained untouched.

On another occasion in Panama I found a large army of huntinf^
ants spread over a plot of grass which I knew to contain froghopper
nymphs. After they had passed, I made close search and found not
an insect living except the froghopper nymphs in their protecting froth.

FOOD PLANTS.
The froghopper attacks, so far as is known, any species of grass

(Gramineae) and has be*en found on related plants. Foodplants actually
recorded are

:

GraminecB
Sugar cane (SaccJiariun officinale.)

Indian corn (Zea Main.)
Rice. (Orijza sntiva.)

Savannah Grass. {Paspalum conjtir/atam and P. compressum,)
Para Grass. {Paniciim muticum.)
Bamboo Grass.

Bermuda Grass (Cijnodon dactylon.)
Kell}- Grass {Rotthoellia exaltatus.)

Cyperacece
Scleria melaleuca.
Razor Grass {Scleria reflexa.)
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Cane is by far the most seriously damaged of these plants but reports

of damage to corn, rice and other pastures have been made.

Rice. Damage has been reported once or twice on hill-rice or

upland rice and in one case investigated the nymphs and adults were
present on the rice in some numbers but the damage was almost
negligible. The lowland or wet rice is never likel_y to be seriously

damaged by froghoppers as the conditions at its roots are quite unsuited

to the nymph.

Corn. Blight has been frequently reported on corn but in every_case

investigated the damage has been complicated by the presence of other

insects, particularly the small moth-borer {Diatroea s})}}.). On a few
occasions the froghopper has, however, been responsible for considerable

damage.

Pasttires. In other countries (e.r/. Cuba, Colombia, etc.) pastures

seem to suffer nmch more than canes from the attacks of froghoppers.

In Trinidad the reverse is the case and on onl^' one occasion, was an>

considerable damage done to pastures. This was at Harmony Hail

Estate, in September 1918, on land that had recently been in cane and
had been thrown out owing to the continual damage by froghoppers.

LIFE CYCLIC,

The egg stage of the froghopper lasts from fourteen days upwards,
the nymph stages occupy five to seven weeks and the adult may live as

long as a month. Under normal wet season conditions a single complete
cycle takes slightly under two months.

In the wetter parts of the country, in the mountains, forests and
cacao districts, breeding goes on throughout the year and nymphs and
adults may be found at any time. In the drier portions, in which the

sugar districts are situated, there is an almost complete standstill during

the four or five months of the dry season.

With the coming of the wet season about May or June the eggs, which
have been held up by the dry weather, hatch out and the first nymphs
are usually reported in the sugar districts a week or two after the first

rains. These produce the first flight of adults at the end of June or

•during Jnly, about seven weeks from the date of the first rains {see p. 103.)

Eggs from these produce a second flight of adults about two months
later, varj-ing in different years from the end of August to the beginning
of October, and from these again a third brood in October to December
and rarely a fourth in December or January. Each of these broods in

succession is less definite in its limits owing to the varying dates at

which eggs are laid by the females and individual variation in the leiagth

of the egg and nj-mph stages. At the same time the broods up to the
third are almost always quite distinct and recognizable. Figs. 5 and 6.

show these broods of adults in 1918 and 1919 as indicated by captures in

light traps.

The fourth brood is very seldom of any considerable size even in

years when there is quite sufficient wet weather after the third brood for

it to develop, from which it must follow that many eggs laid by the
third brood, and possibly in some cases by the second brood also, fail to

hatch that year but hold over until the coming of the next wet season.

There has been some disagreement as to the manner in which the
insect passes over the drj' season but most authorities are now convinced
that in Trinidad this is spent in the egg stage. At the same time there
is no doubt that in the moister spots in the dry sugar districts the
insect can continue to breed in small numbers, but these are never
sufficient to account for the enormous numbers of insects which some-
times appear in the first brood.



SECTION V.—TRINIDAD FROGIIOPPER. G'.i

Moore (1919 p. 12) is strongly' of the opinion that in British Guituia,

with their froghopper, the dry season is survived by a few individuals

which continue breeding in the more favourable moist locaHties. It,

nmst however be remembered that conditions in the cane fields in

liritish Guiana even at their driest season are never comparable with
those of Trinidad. The dry seasons are shorter and less severe and the

fields are low-lying and capable of being irrigated, and as a result it is

seldom that there are not in every field moist spots in the drains where
lireeding can continue.

Kershaw (1913 D. p. 3) dissected a number of eggs during the dry
season and found them all in the same stage of development ; the

primitive band had formed and invaginated, and the embryo had
segmented but no appendages had been formed.

Although there is no doubt that the drj' season in Trinidad is

generally passed over in the egg stage, there are some exceptions, to one
of which attention must be drawn here.

Throughout the whole of the drj? season (January to April) of 1918,

following the severe blight of 1917, adult froghoppers were found in

considerable numbers in a field of young plant canes in the Naparimas.
The numbers were not large, varying from two adults to every throe

plants in March to one adult to every seven plants at the end of April.

During the months of March and April there was only I'l inches of rain

on this estate. At the beginning of April adults were noticed pairing.

This continuation of normal activities of the adult through )ut

extremely dry weather is very unusual, and is recorded here chieHy in

the hope of an explanation being forthcoming later.

OTHER FROGHOPPERS IN TRINIDAD.

There are four species of the genus Tomaspis known in Trinidad :

T. rtibra, T. pubescens, T. guyp^ji, and one unidentified. In addition

two other genera, Clastoj^tera and Cephisns are also represented.

Tomaspis rubra (Plate 1, Fig. 19) is a species considerably larger

than T. saccharina, dark brown with two transverse yellow bands. T'le

same insect is recorded from the mainland and Grenada, but all the

specimens seen from the mainland (Venezuela, Britisii Guiana, Surinam)

have the hind band as wide as the front one, whereas in the Trinidad

and Grenada specimens the hind band is definitely narrower.

The insect feeds in the nymph stage on the roots of the Christmas-bush

(Eupxitorwm odoraturn) and according to Urich (1913 C. p. 29) the eggs

are laid in the rootlets of the food plant. The insect is generally

common in the cacao and bushy districts of the island, and is of no

economic importance except in so far as it is sometimes mistaken for

the sugar-cane froghopper.

Tomaspis pubescens Fabr. (Plate 1, Fig. 15) is about the same size

as T. saccharina but greenish black in colour. The female is distinctly

more pubescent than the male. Trinidad specimens are distinctly

smaller than those from British Guiana and Surinam.

In habits it closely resembles the sugar-cane species. It feeds on

various species of grass, but prefers very moist localities by the banks of

streams in the wooded parts of the island. The froth formed by the

nymph is nuich firmer and more glutinous than that of T. saccharina.
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It is attacked by many of the parasites of the sugar-cane froghopper

including the Syrphid fly, the vermilion parasite and the Mermis worm
{see later). In British Guiana I found nymphs of this species on the

roots of sugar-cane in some small cultivations in the forest but in

Trinidad it has not been seen on cane. It has never been recorded as

causing any injury and, in so far as it acts as an alternative host for

parasites of the sugar-cane froghopper, and so tides them over periods

when this is scarce, its presence is rather of value than the reverse.

Tomaspis guppyi, Urich. This species first described bj' Urich

(1913 C. p. 30j is very closely related to T. tristis, known to damage
sugar-cane in Surinam. In Trinidad however, T. guppyi has never

been found on cane and is indeed extremely rare, being apparently

confined to the south-western promontory in the district of Point Fortin,

Erin, Chatham, and Piilo Seco. It is a large species, dark brown in

colour with six orange sjDots on each wing running across in two irregular

bauds. The two sexes are similar.

The first nymphs were discovered in Januarj' 1917. on the Erin-

Point Fortin road. Only three were found and two were in froth masses
on a coarse grass (Pa^ncum sp.) six inches to a foot above the surface of

the ground. The other was on a young bamboo shoot among the same
grass. The habit of forming the froth above the ground is in close

agreement with T. tristis in Surinam. The froth contained a large

amount of solid matter and was rather calcareous in appearance,

esi^ecially on the outer surface where it had dried a little.

One of the nymphs was almost full-grown and showed the markings
of the wings of the adult. It emerged five days later.

Tomaspis sp. On 26th January, 1919 I found two nymphs of a

froghopper on the clinging roots of an Aroid climber in the forest at an
altitude of about 2,000 feet on Mt. Tucuche. It was not any of the

known Trinidad species, but no adult was found and the nymphs died

without emerging. Nj'mphs were found in similar situations in British

Guiana and Panama and no doubt all three are related. The latter

species will be described in a subsequent report.

Clastoptera sp. The Casuarina or "Whistling pine" trees in

Trinidad are frequently heavily invested with the white liquid froth

masses of a species of Clastoptera. Urich (1913 C. p. 29) identifies it as

Clastojjtera laenata, Fowler. The species is of particular interest as the

froth masses frequently contain the larvae of a fly Drosophila 2)aradoxa,

Lamb (1918) which destroys the n^-mph of the froghopper. No member
of this group of flies, usually confined to decaying and fermenting
vegetable matter, had previously been recorded as parasitic.

Although there is no possibility of transfen-ing this parasite to the
sugar-cane froghopper, it is of interest as indicating a possible new
}. roup of parasites which might be searched for elsewhere. The
Drosophila is in turn parasitised by a Chalcid which has also been bred
from the common Drosophila found in decaying bananas.

The Casuarina is an introduced tree in Trinidad, but the same frog-

hopper is found on a number of local bushes, and also on Hibiscus and
Pigeon pea.

Cephisus sp. Adults of a species of this genus (probably C. siccifolia)

have been captured on several occasions in light traps in the sugar-cane
fields in the Naparimas, and also at light in a house in San Fernando.
Nothing is known of their habits in Trinidad, but in British Guiana I

was informed that the nymphs were found on Krythrina (Immortelle).
This tree is abundant in Trinidad, but is confined to the cacao districts,

and the insects caught on the sugar estate in question probably^had
some other host plant.
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PARASITES OF THE EGG.

The Vermilion Parasite {Olignsifa girauUi, Crawford).

This egg-parasite was first discovered by Guppy in December, 1912
and was described by J. C. Crawford (Canadian Entomologist XLV
(1913) p. 311-312) from specimens sent by Urich.

It is a minute Chalcid about 0-6mui. (one-fortieth of an inch) in
length, with the body bright vermilion-red except for a band round the
base of the abdomen which is wliite.

This insect lays its eggs in the eggs of the froghopper and its grub
feeds inside the froghopper egg on the contents, which suffice for the
complete development of tlie parasite.

Its development is complete within about thirty days (Qrich 1913 D.)
and the female as soon as it has emerged can proceed to lay eggs
without the iiecessity of pairing with a male. In fact in Trinidad the
male has up to the present never been seen, but in Panama I obtained
one or two specimens of it in a locality where females were very
abundant.

The parasite appears to bo able to carry on its life cycle throughout
most of the year in localities which are drier than is necessary for the
breeding of the froghopper, and specimens may be obtained in the dry

' season in spots wliere the froghopper lias temporarily ceased to breed.

It is on the other hand probably adversely affected by heavy rains.

There have been no observations on the percentage of parasitism in

the field, but Kershaw under artificial conditions was only able to obtain
an infestation of about five per cent.

It is very probable that it has some alternative host, as it exists

commonly in localities where the froghopper is rare. I have been able

to get adults to oviposit in eggs of leaf-hoppers (Jassidis) but so far have
not succeeded in breeding it through in these eggs.

It is common throughout Trinidad in all suitable localities and
abroad I have found it in British Guiana, Tobago, Panama, and Costa
Rica, parasitising various species of the genus Tomaspis.

In Panama it was very abundant, and, as mentioned above, males were
found, but the discovery of it over such a wide range leaves no doubt
that it is native to Trinidad and is not likely to increase naturally much
above its present limits.

Urich (1913 A & D) has made attempts to introduce it into the sugar-

cane fields by bringing grass from other localities where it is known to

be common, but while the method is theoretically correct it has not
been possible yet to demonstrate an^' practical result following from it.

The Trash-Coloured Parasite {Faraphelinus tomaspidis,

Howard).

This parasite was also discovered by Guppy in January 1913 in the

Princes Town district and was described by Howard in 1914 (Proc.

Ent. Soc. Washington XVI (1914) p. 81-82). It is a uniformly brownish
insect of about the same size as the vermilion parasite, and like it, lives

during its larval life on the contents of a single insect egg.
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Since Guppy found the original three specimens, all of which were

females, this insect had never been bred again from froghoppev eggs.

I obta'ned one female by sweeping grass at St. Clair. Port-of-Spain, on

IBth April, 1916 and two specimens, a male and a female, by sweeping

grass in a trace among the canes on Caroni Estate on 2nd January
1917. The male had not previously been seen. There is considerable

doubt as to whether or not it is a regular froghopper egg parasite. If

the original recoi-d is correct it must destroy froghopper eggs

occasionall}', but it is probable tliat iionnally it is parasitic on the eggs

of grass-hoppers, as the other species of the genus are known to be.

Paraplielimis xijyliidii was described from Hawaii from the eggs of

a gi'asp-hopper Xijjhidiuvi varie])eiinc, and species of the genus

XiphicUum are abundant in the traces in Trinidad. These are probably

the regular host of the Trash-coloured parasite. Waterston (Bull. Ent.

Besi'drch VIII. p. 43-58) has given a full account of the genus Paraphe-
linns with a list of the known species and describes as new P. ferhinsi

that I found associated with froglioppeis and Xijihidinm spx>. in

British Guiana.

A species of the same gemis as yet .undetermined was also found

in Tobago.
Panama Egg-Pahasite (Ancujriis sp.)

While in Panama I bred three specimens of an Aiiagrus (Mymaridce)
from the eggs of a froghopper cL sely related to the Trinidad species.

Sjiecies of this genus occur in Trinidad but their separation is extremely

difficult. Up to the present they have not been found attacking frog-

hopper eggs here.

Thrips.

On two separate occasions I have found tlnips of the genus
Haplothrips destroying the eggs of froghoppers.

The first of these was in Pnitish Guiana in July and August 191^
when an adult thrips was reared from a larva found in a breeding tube
containing only dead trash and froghopper eggs.

The second occasion was in I'anama in June 1917 when under
similar conditions an adult Hajylotlniits s^j. was found in a tube that

contained trash with froghopper eggs that had been in the tube a month.
An examination showed all the eggs to be dead, dried up and half empty,
just as if sucked, so that it is almost certain that the thrips in the

larval or adult stage had been feeding on them.

The species of the genus Hcvplothriiys are usually vegetable feeders

but some have been recorded as predaceous in other parts of the world.

It is probable that most species are omnivorous and can take either

animal or vegetable food as the occasion arises.

Several species are abundant in the grass in the traces in

Trinidad in the localities infested by T. saccharina and may
exert a small controlling effect, but up to the present I have_not found
them on the cane in the field.

Ants.

Urich (1913 C. p. 26) expresses a belief that the eggs are carried oflf

by ants of the genus Monomormm.

Fungus.
Kershaw (1913 I. p. 9) mentions that there is a fungus that'completely

tills up some froghopper eggs, but he is doubtful if it kills then or only
attacks them when dead.

PARASITES OF THE NYMPH.
BlIlDS.

A full account of the bird enemies of the froghopper will be given
when dealing with the enemies of the adult on p. 70.
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Of the seventeen birds tliere recorded as feeding on the adult only
three have been proved to eat nymphs. These are :

—

ICTKRID.E.

(1.) Trinidad Boat-tail {Qnisqualus luc/iibria.)

(2.) Golden Head {Agelaiuft ictcrocephalus.)

MnIOTILTIDvE.

(3.) Manicou Bird (GeoUih/pim aequinoctialis.)

Other birds doubtless also take them occasionally, but the froth in
which the nymphs are enclosed must serve as a partial protection.

The Boat-tails have a habit of following the ploughs and diggers in

the field, in the manner of crows in England, and obtain many nymphs
in this way.

The Syrphid Fly. {Salpiiigogaster nigra, Schiner). *

This fly, the maggot of whicJi is parasitic on the nymphs of the
froghoppers, was first noted by Gough in 1910 (1911 C. p. 18j and first

bred to the advilt stage by Urich (l'.ir2 D.)

The adult fly (Fig. 11.) is about two-thirds of an inch (14-16 mm.) in
length and nearly one inch (20-22 mm.) across the open wings. Ic is

blackish brown in colour except for a narrow band behind the
thorax ,two spots on the side of the abdomen, and the bases of the tibiae

of the legs, which are yellow. The front border of each wing is suffused
with dark brown.

The abdomen is long and joined to the thorax by a long stalk

(petiole) which gives the fly a close resemblance to some species of wasps.

The inost complete record of the life history has been given by
Guppy (1913). According to his account, the egg is about "TSmm. long
elongated and shining white in colour. It is laid in the frotli. The egg.

stage lasts about two to two and a half days.

The footless maggot which hatches out destroys the frog-

hopper nymph hy piercing its inti^gument and sucking out the contents.

This stage lasts about nine days. According to Guppj' one maggot
destroys about 30-40 froghopper nymphs during its development.

Fig. 10.

Fig, 10—The .Syr[»lii(l Hy ; pu|)a.
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The maggot is frequently seen in tlie froth of the froghopper and is

confused with the nymph by overseers and boys collecting and destroying

the latter. This should never occur as, apart from the absence of

legs, it is quite a different shape, long pointed cylindrical ; of a different

coloui', semi-transparent shining white ; and has a characteristic habit

of drawing in and out the front end of the body.

The pupa (Fig. 10) is dull brown in colour with four dark markings
on the dorsal surface which are irregularly V-shajjed, and a rather

darker lateral streak edging the lighter ventral surface. It is about

I'O cm. in length by 0'4 cm. in breadth and is invariably situated head
downwards attached to some grass stem or twig near the ground.

A pupa that I found on 18th June 1916 emerged on 27th June,

which indicates a pupal stage of at least nine days. Another which
pulsated on 4th March 1917 emerged on the 14th of the same month,
which gives a duration of ten days, 'i'he complete life cycle is passed
through in 20 to 22 days.

The adults fly chiefly in shady places and are to be found throughout
the year in the traces through the forests and cacao plantations in the
moister parts of the Island. In flight they hang down their legs in a

manner which gives them a still closer resemblance to the wasps which
they mimic in form. According to Uuppy (1914 B. p. 10) they feed on
the pollen of a small white flower, but will readily eat sugar and w;i*:er

Fig.

Fig. 11.
11—'Ihe Syrpliidfiy; adult.

in captivity.^The males seem to be more abundant in the field than the
females. Ker.shaw dissected an a,dult and found about 350 eggs in the
ovaries. Guppy (unpublished report for October 1914) states that he
obtained an average of 150 e^'gs each from four females in captivity
between 1st and^ 15th October, and later (unpublished report for
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November 1914) he obtained 210 eggs from one female in sixteen days,
142 of which were laid in the first ten days. Guppy also found that
eggs from unfertilised females did not hatch.

In the moister parts of the island the insect breeds throughout the
year, but in the cane fields it is seldom, if ever, seen before the beginning

• of the wet season, and usually does not become common until the
second or third brood of froghoppers are in the nymphal stage (August
to Octuber). The first adult was seen in the cane fields in 191B on 17th
June and in 1919 on 1st July. By October and Novenjber it is usually
pejssible in thickly iiifested fields to find a Syrphid maggot on almost
every stool, and on one occasion in November 191fS I found four maggots
in fifty froth masses examined.

It is not known how or in what stage they survive the dry season in

these localities or to what extent restocking takes place each year by
migrations from the nioister districts.

Up to the present the Syrphid fly has been found on T. saccharina
in Trinidad, T. pubescent in Trinidad and British Guiana, T. fiavi^ateta
in Bi-itish Guiana, T. carmodyi in Tobago, on another unidentified

species of Toinaspis in the North- ^^'est District of British Guiana, and
en two unidentified species in Costa Rica.

In addition to these localities where the host is known, it is recorded
from Mexico, Guatemala, Panama, and Brazil, which indicates a very
wide range in which it probably parasitises many other species of the
genus Tomaspis.

It is in its turn destroyed by enemies, the chief of which are

appai-enbly spiders. Guppy in Tobago found a larva which pupated and
from the pupa three Oligochaete worms emerged. 1 submitted one of

those to Mr. P. S. Welch of the University of Michigan and he identified

it as an immature specimen of one of the Enchytraeidce {Olifjochaeta).

He suggested that as no similar worms have ever been recorded as

parasitic on insects their position as parasites of Salinngogaster should

be questioned until further corroborating evidence is obtained.

In view of the value of the Syrphid fly as a froghopper control, and
of its scarcity in the cane fields during the earlier broods of the froghopper,

Kershaw recommended an attempt to breed it through the dry season in

large numbers so that specimens could be liberated early in the wet
season in the localities likely to be infested with froghoppers. During
1913 and 1914 Guppy attempted to carry out this suggestion. In

October 1914 he distributed 400 eggs, in November 500, and 200 in

December. Dining the dry season however the difficulties were so

great, with the funds and assistance available, that the work was finally

abandoned. He has given (1914 B.) an account of these experiments, in

which he mentions tlie impossibility of obtaining sufficient froghopper

nymphs during the dry weather to keep alive more than a very

limited number of Syrphid maggots, and also the difficulty of saving the

auult flies fiom the persistent attacks of spiders.

The method, even if it were possible and successful from an economic
point of view, suffers from the disadvantage that it would have to be

repeated evei-y dry season.

Ants.

It has been mentioned above (p.,t60) that the froth of the nymph
protects it almost entirely from the numerous species of hunting-ants

which infest the ground in the cane fields.
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Toad-Bugs. Gah/iu/idce.

Urich (1913 C. p. 25) noted that in captivity some Toad-bugs killed

froghopper nymphs which wen; given to tliem free from froth. In the
field it is very probable that their covering will protect the nymphs from
these predators as well as from the ants.

FossoRiAL Wasps.

A very close search has been made for species of mud wasps or
burrowing wasps that might store their nests with the froghopper
nymphs. They are known to do this in Europe with the nymphs of

another genus of froghoppers, but so far in Trinidad and Central America
none have been found.

The Mermis Worm.

This is a long narrow hair-like worm which is sometimes found coiled

up in the abdomen of the nymph froghopper, occasionally also in the
adult. Kershaw, who is the first to report it (191r') C. p. 8) says that two
may be present in the same insect.

A single worm may reach three inches in length when uncoiled and
when lai'ge is distinct!}' visible through the skin of the abdomen of tlie

nymph which is usuallj' swollen.

Nothing is known of its life history after it leaves the body of the
froghopper. It is not sufficiently common to exex-t any check and I

have only met with it on two occasions (1) Union Trace, near Mayaro,.
in the forest district in a nymph of T. imbescens 27th March, 1916 and
(2) in nymphs and adults of T. saccliarina at Craignisli Sugar Estate in
August 1918. Urich (1913 C. p. 26) records it also in nymphs of T. rubra..

Similar worms are known in many other insects including mantis,
beetles, grasshoppers and flies, occasionally in abundance as in one
recorded case where 60 per cent, of a swarm of grasshoppers in Mass.,
U.S.A. were infested.

According to N. A. Cobb they may remain in the ground after
emergence from the insect host for as long as two j-ears before becoming
adult. They are often parthenogenetic and the female may lay as many
as several million eggs.

The Green Muscardine Fungus.

This fungus grows readily on nymph froghoppers in captivity and
is occasionally found on them in the wild state. It is however of very
much greater importance as a parasite on the adult and will be discussed
more fully under that heading.

ENEMIES OF THE ADULT FROGHOPPERS.

Birds.

Kershaw (1913 B.) mentions having found froghoppers in the stomach
of a Tick bird {Crotophaga ani) and Urich (1913 0. p. '24) lists in addition
the Scissors-tail Fly-catcher.

As a result of a number of stomach examinations, I have found
seventeen birds which feed on froghoppers (Table lY) and there are still

a few which are suspected of eating them, but up to the present have
not been proved to do so.
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TABLE IV.

List of Trinidad Birds Proved by Dissection to eat

Froghoppers.

Fam. Mniotiltid-?o (Wood Warblers).

(1.) OeoOilypis aeqmnocfialis, The "Manicou" Bird.

Fam. Hirundinid^ (Swallows).

'(2.) Atticora cijanoleuca, Whits Breasted Swallow.

Fam. Fringillida" (Finches or Grass-Birds;.

(3.) Volatinia jacarina, Small Black Finch.

Fam. Icterid^ (American Orioles).

(4.) Icterus xantliornis, Common Corn-Bird.

(5.) Molotlirus atronitens, Lazy Bird.

(6.) Agelaius icterocephalus, Golden-Head.

(7.) Leistes guianensis, Ked Breast.

(8.) Quisqualus lugabris, Boat-Tail.

Fam. Tyrannid^ (Tyrant Fly-Catchers).

(9.) Fliivicola pica, Washerwoman.
(10.) Aru7idinicola leucocephala, AVhite-headed Widow.

(11.) Elainea pagana, White-crested Fly-catcher.

(12.) Myiarchus tyranniilns, Foolish Fly-catcher.

tl3.) Tyrannus melancholicus, Grey headed Keskadee.

(14.) Milvulvus tyrannus, Scissors-tail Fly-catcher.

Fam. Dendrocolaptid^e (Wood Creepers).

(15.) Synallaxis cinnamomea. Marsh Giouiti.

Fam. Caprimulgid^ (Night-jars).

(16.) Podager nacunda, Nacunda Night-hawk. ,

Fam. Cuculid^ (Cuckoos).

(17.) Crotophaga ani. Common Tick- Bird.

(1.) Geothlypiis aequinoctialis, Gmel. The "Manicou" Bird. This
is not common on the sugar estates. I have only seen three specimens,
one at La Fortunee, 18th July, 1918 and two at Harmony Hall 10th

October, 1919, all of which had in their stomachs remains of adult

froghoppers, and one of the latter had in addition the remains of a

nymph.

Other food included a caterpillar, small beetles, grasshoppers and
winged ants.

The bird is olive green above, yellow beneath, with the top of the

head grey and a black band across the front of the head and eyes
resembling a mask.

I have not found it nesting.

(2.) Atticora cijanoleuca. White-breasted Swallow.

Several species of swallows are commonly seen flying over the cane
fields, and no doubt most eat froghoppers occasionally. This however
is the only species in which remains have so far been found. Other
food included ants, beetles, small flies, and the remains of a soldier-bug

(lleduviid.)

According to Leotaud (1866 p. 90) this swallow remains in Trinidad
throughout the year.
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(3.) Volatinia jacarina. The Small Black-Finch or Black Dancing
Grass-bird. Tliis is one of the commonest small birds in the cane fields,

of a shining blue-black in colour and easily recognised by its habit of

perching on a small bush or twig and suddenly rising in the air a few
feet to perform dance like gyrations in the air before returning to tlie

same perch.

Unlike most other finches in Trinidad this bird feeds to a considerable

extent on an insect diet, although still remaining chiefly vegetarian.

One shot at Caroni Estate on 28th September, 1917 contained only seeds

and beetle's wings. Another shot at Harmony Hall on the 27th October,

1917 contained one froghopper and seeds, a third shot at Williamsville

Estate on 11th June, 1918 contained several froghoppers, the remains of

a small beetle and some seeds, whila a fourth shot at the same time

contained also froghoppers, beetles and seeds.

It nests on or within a few inches of the ground usually in a tuft of

grass or low bush. Nests have been found in August and November.

(4.1 Icterus xantliornis. The Common Corn-Bird, Yellow Corn-

Bird, Yellow Plantain Bird or Carouge.

Thip golden bird with black head, neck, wings, and tail is one of the

most conspicuous birds on the sugar estates.

One shot at Harmony Hall on 20th October, 1917 contained one

froghopper, a beetle, two caterpillars, and some vegetable remains.

Another shot at La Fortunee, 11th July. 1918, contained a froghopper,

2 moths (one probably the lai"ge moth-borer of sugar-cane) and some
small beetles.

This bird builds a stocking-like nest about one foot in length which
is a conspicuous object hanging from the top of a tall tree or clump of

bamboos. In the sugar district'; these ne^^ts are usually solitary and
twenty teet or more above the ground, but on one occasion I found one
on a low bush, in the middle of a cane field, that was not more than
seven feet from the^ ground.

The birds appear to nest thronghout the wet season and one pair

may produce more than one brood during that time.

According to Leotaud it feeds on seeds, berries and insects.

(5.) Molothrus atronitens. Lazy Bird.

This bird is occasionally seen on sugar estates. It is shining blue-

black in colour and in habits (whence it derives its popular name) it

resembles the cuckoo in England, as it lays its eggs in the nests of other

birds, chiefly those of the house wren.

The stomach of one shot at Harmony Hall on 1st Jul}-, 1919
contained three froghoppers, one small weevil, one small plant-eating

beetle, and some broken seeds resembling corn, the latter forming the
chief contents of the stomach.

(6.) Agelaius icterocejiliahis. Golden-head, or Rice-Bird.

This bird is usually seen in the neighbourhood of water and is often

common round the ponds in the cane fields. It is black or dark brown
with a golden yellow head.

It occasionally eats froghoppers along with general insect diet. One
shot at Williamsville on 13th August, 1918 contained beetles, (including

Metamabius), moih.?, and some doubtful vegetable remams ; one shot at
La Fortunee 12th September, 1918 contained some small beetles and
three seeds ; while a third shot at Harmony Hall on 30th June, 1919
contained about 20 adult froghoppers and one nymph, a small brown
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beetle and traces of vegetable matter. It nests in the reeds and grasses

growing in the shallow water round the edges of ponds. Nests have
been found in July and August.

(7.) Leisfes grdanensis. Soldier Bird or Red-Breast.

This bird is confined to the savannahs and pasture lands. It is

blackish brown with a brilliant red breast.

One shot at C'raignish on 18th June, 1918 contained the remains of a

froghopper, a grasshopper, a caterpillar, and a beetle ; another shot at

Harmony Hall, 2nd June, 1919, contained no froghoppers biit nmnerous
remains of small beetles (including two weevils) and about ten small

Hemiptera.

It nests in a tuft of grass on or within a few inches of the ground and
is often seen in large flocks in ihe pastures. Nests have been found in

August and have been reported by Dr. Shannon in December.

(8.) Quisquahis lugubj-is. Bo it-tail, Golden-eye, 'Barbados' Black-
Bird or Pen-Bird. (Fi-?. 12).

Fig. 12.

Fig. 12—Ttif Ti-iniilail Boat-tail (Qiusqwt'ns lugubris). About two-fifths natural size.

This is one of the most abundant birds in the neighbourhood of the

buildings and pens of a sugar estate. It is shining black with the iris of

the eye golden yellow. AVhen in flight and occasionally at other, times,

the tail feathers are arranged in the form of a "V, from which it derives

its popular name of "Boat-tail."

It feeds on a variety of insects and other small fry. One shot at

Harmony Hall 20th October 1917 contained a froghopper, some beetles,

many small insects and the remains of a small lizard. Another shot at

Caroni, 30th October 1917, contained twenty or thirty froghoppers and

a few beetles; while a third shot at Wellington Estate on 9th July 1918,

contained 8 adult and 2 nymph froghoppers, 8 spiders, 5 white-ants

(Termites), a grasshopi^er and a cockroach.

It nests in trees, usually well out of reach, and is particularly fond

of tall palm trees (Palmiste) or the wild pines (Bromeliads) growing on_

other large trees.
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FiK. 13
Fig. 13.

-Tlie "Wnshci-woman {Fluvicola pica).

Ahout half natural bize.

(9.) Fluvicola pica.

Washerwoman or "\Vido^^•

.

(Fig. 13.)

This black and white
bird is generally common
throughout the sugar

districts.

One shot on 30th Octo-

ber 1917 at Caroni Estate
contained the remains of

about ten adult froghop-

pers and some small
beetles.

It makes a covered
nest with the opening at

•one side in low bushes,
tall trees and on telegraph
posts. It nests through
the greater part of the
wet season and rears I

believe more than one
brood in the same nest.

(10.) Arundini-
cola leucoceiihala.

The'white-headed
Widow. (Fig. 14.)

This bird is in

habits closely
similar to the last.

One cock shot at

Brechin Castle on
19th November
1917, contained

two froghoppers

and other insect

1 emains, chiefly

beetles.

A hen shot at

the same time ¥is- 14-

contained one Fig. 14—The AVhite-lieaded "Widow {Arumlinicola

fvoohouner and leucoccphala.) About half natural size,

miscellaneous insect remains, mostW beetles. A third shot at Williams-
ville on 11th June 1918. contained several froghoppers and small beetles.

The nest is almost indistinguishable from that of the previous species

and is found in similar situations throughout the wet season.

(11.) Elainea yagana. White-crested Fly-catcher or Tillon.

This bird is not uncommon in the sugar districts and is fond of

settling on telegraph wires and ]3rojecting branches of trees.

One shot at Hamiony Hall on 26th July 1919, contained five or six

froghoppers, one small beetle and three seeds.

According to Chapman (Bull. Amer. Mus. Nat. Hist. VI. 1894 p. 38)

it feeds as much on fruits as on insects.

I have no record of its nesting, but according to Chapman (I.e.) a
female was lading in April.

(12.) Myiarchus tyrannuhis. Foolish Fly-catcher, or Black-billed
I'etchary.
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One of these was shot at La Fortunee Estate on 11th July 191S and
'Contained one froghopper and two siuall I'cd and green t'luits.

I have no other certain record of it in the cane fields. According to

Leotaud it is fairly common.

(13.) Tyrannus melancholicus. Grey-headed Keskadee.

This is one of the commonest birds in the sugar districts and is

frecjuently seen seated on the telegraph posts or wires along the road or on
the topmost branch of some small bush. It differs from its town relative

the Common Keskadee in the grey instead of black head, in the absence
of the white streak over the ej-e, and in its quieter habits. It does not

utter the loud "Keskadee" of its relative.

One shot at Caroni on '28th September 1917, contained the I'emains

of a number of dung beetles (ScarabcBidce}, two weevils, a Chrysonielid

beetle, one moth and one butterfly. Another shot at Caroni on yOth
October 1917 contained several small beetles, including one Scarabaeid

and one weevil, and four adult froghoppers.

This bird is one of the chief enemies of the Large Moth-borer
[Castnia licus) in the cane fields and on one occasion one was seen to

• catch and eat a dragon fly.

It nests in bushes and trees usually over ten feet from the ground,
but occasionally less. It has been seen nesting in May, .Tune and July.

{U.j Milcn-
liisti/rainiiis.

Scissors -tail

Fly - catcher,

or Swallow-
t a i 1 F 1 y -

catcher (Fig

If).)

Diu'ingthe
wet season
this is one of

the most
abundant
birds in the

cane fields
and is with-

out doubtthe
most impor-
tant bird
eneiMy of the

froghop[)ei'.

In colour

it is black

and wliite
with a slight

yellow crest

in the male,
. and the long
outer tail
f e a t h ers of

-this sex make
it a con-
s p 1 c n o u s

object.

Fig. 15.
Fig. 15 -The Scis.sors-tail Fly-Catcher {Milrulus tin-annus^. Aljout half nat.n-dl size.
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It is a migrant and does not breed in Trinidad. Normally it arrives

here from the mainland of S. America in June and leaves in October..

The birds seem to congregate in the fields which are infested with
froghuppers and are in this way particularly valuable in destroying the
first brood.

In 1918 the first individuals began to appear towards the end of May
and nearly all had departed by the end of October. In 1919 the first

were seen on 15th June ; by the 27th June they wei'e present in

thousands. By the beginning of October they had begun to leave,,

but stragglers were seen up to the 24th November.

It is interesting that a field of young plant canes in the Naparimas
had, quite abnormally, adult froghoppers present in it throughout the
dry season of 1918, and in March of that year four Scissors-tail Fly-
catchers apjieared in it for about two weeks and were busily engaged in

eating the froghoppers.

One bird shot on 4th July, 1918 at La Fortunee Estate contained
seven adult froghoppers, several small Elaterid beetles, other small
beetles, four winged-ants, and pieces of a small millipede.

One shot on 12th August, 1920 contained seeds in addition to insects.

(15.) Sijnallaxis cinnamomea. Marsh Giouiti. Marsh Rootie, or Kri-
kri-kri.

This and several related species of Si/nallaxis are not uncommon in
the cane fields.

They have active wren or tit-like habits and their sharp grating cry

has given rise to the local name of "kri-kri-kri".

A pair were shot at La Fortunee on 4th Tuly. 1918. One contained
two froghoppers, two spiders, several small beetles, and various insect

remains too small to identify. The other one contained one froghopper,
one ant, one red-mite (Trombidiiim sp.) and various small beetles and
insects.

It nests in bushes and low trees, seldom above ten feet from the
ground and occasionally quite low dawn, only two or three feet from it.

Its large retort-shaped nest, made of interwoven twigs, is a
conspicuous object but well protected ngainst intruders.

This species or related ones have been found nesting in February,
June. July. September and October.

(16.1 Podagcr nacunda. Nacunda Night-jar or Night-hawk.

This is a fairly large species of Night-jar with a conspicuous white
bar across each wing, white beneath and a white collar.

According to Leotaud it is probably a migrant, remaining from July
to October. I have seen it in the cane fields at the end of June and in

July and again in October 1919. It starts fiying early in the evening
almost as soon as the sun has set.

One shot at Harmony Hall on 29th June 1919 at 6.45 p.m. (sun set

about 6.30) had already in its stomach 26 adult froghoppers, one
Metamaaius weevil, one Scarabseid beetle, one Elaterid beetle and two
winged ants.

The birds rest on the ground during the day and a flock of about
six which I observed kept close together usually near one particular spot.

On one occasion (4th July 1919) when the flock was disturbed during
the day time, a close examination was made to see if they were nesting..

No eggs were found, but on the spots where they had been lying were
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several droppings containing many insect remains. These were examined
and found to contain large numbers of beetles and other insects, but no
froghoppers.

It is possible that the froghoppers are chiefly eaten during the early

part of the night when they fly most {see p. 57), and that these drop-

pings represented the remains of the food taken later.

(17.) Crotophaga ani. Common Tick-bird. INIerle corbeau. (Fig. 16.)

This bird is frequentlj' seen in the cane fields, particularly in the

neighbourhood of small copses, but, it is said by planters not to be so

common as formerly.

K e r s h aw
examined
the stomach
of one bird

and found
four froghop-

pers, other

insects and
some seeds

of a weed.
One that I

.shot at Caroni

on 4th Oc-
tober ]917
contained
s e V e r a 1

beetles
(including
(^assidae and
Chr i/some-
lidce) several

large bugs
{Coreid(S),
and four spiny

caterpillars
;

another shot
on 6th No-
vember 1917
at Caroni
among canes
badly i n-

fested with
hundreds of

froghoppers,

contained a Fij

large grass-

hopper, a large spider, a large black Corcid bug, a small green L'cntalomid
bug, several small grasshoppers and only one froghopper ; a third shot in

the Oropuche Lagoon on the 12th October, 1919 contained one large

red-bodied grasshopper.

Mr. T. I. Potter tells me that he has seen one of these birds kill a
smaller bird just escaped from captivity.

The stomach contents indicate that, while capable of eating frog-

hoppers, the Tick Bird prefers larger prey, particularly grasshoppers. This
conclusion is confirmed by dissections made in the cane fields in Porta
liico. Wetmore (lairds of Porto Rico, Board of Couunissioners of

Agriculture, Porto Rico. Insular Experimental Station Bull. 15 (1916*

p. 60) found after an examination of 41 stomachs that 91'o per cent, of

Fig-. 16.
11} —The T'\.cV-h\\d {i'rotopluifjti ani).

About two-fiftlis natui-al size.
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the food was animal and Orthoptera (grasshoppers and crickets) formed
over 40 per cent. In sjiite of the popular name of the bird no cattle

ticks were found in all these stomachs.

The bird nests in lai-ge bushes and trees and frequently also in the

clumps of prickly "Black Roseau." The nest is usually over ten feet

above the ground and several birds ma3^ lay in one nest. Nests

containing eggs have been found in February, July, August and
September.

In addition to the above, several other birds in the sugar districts

are believed to eat froghoppers, but up to the present have not been
proved to do so. The most important are :

—

HlRUNDINID^a:.

Chelidon eryilirogaster. Red-bellied Swallow.

Stelgidopten/^r urcr^iygialis. Yellow-bellied Swallow.

Tanagridje.

Tacliijiihonus rufus. Parson.

Tyrannid^e.

Pitangus stdphuratus. Common Keskadee.

Caprimulgid^.

Chordeilcs acvtipeiuiis. Long-winged Night-hawk.

Nyctidromus albicolUs. Common Night-hawk.

These will be further investigated as occasion arises.

Lizards.

There is no doubt that lizards destroy large numbers of froghoppers

and in certain conditions are among the most important enemies.

Lizards are however not very common in the cane iields in Trinidad,

and, according to the general opinion of planters, much less so than
formerly'.

Kershaw (1913 I p. 10) says '• I have never found lizards abundant
in the cane fields in any other countries even when very numerous in

grass and waste land adjoining." With this I can agree, with the
qualification that in Trinidad they seem to be even less plentiful than
elsewhere.

The general reason given for the scarcity of lizards in Trinidad is

the introduction of the mongoose, and while this may be so, it must be
remembered that many agricultural practices, particularly burning the
trash and good continual ciiltivation, will have as great if not a gi-eater

effect on their numbers.

Waterloo Estate, after a campaign against mongoose in 1917,
imported, with the assistance of Mr. Urich, about 1,500 lizards, but no
definite results could be seen as, although there was a large reduction
in the froghopper infestation in the next two years, there was also a
distinct change in the agricultural methods in use on the estate, and in

addition the reduction of froghoppers was general throughout the district

and not confined to the area where the lizards were released or even to

the estate in question.

It has also to be remembered that lizards, while eating froghoppers,
\\ ill also destroy many other insects and spiders that would in turn eat
Iroghoppers.

An accurate investigation of the food of lizards in the cane fields is

much needed and will be started as soon as possible. Pending this I

am inclined to think that the importance of lizards as a control has been
over estimated.

According to Urich the commonest lizard of the cane fields is Ameiva
.iitrina7nensis.
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Progs and Toads.

The comparative scarcity of these animals in the cane fields has also

been put down to the introduction of the mongoose. Although this may
be partially true {see p. 88) once more the effects of agricultural processes

must not be overlooked, and in the case of these animals the mo.-:t

important factor is increased drainage which reduces their breeding places.

In some moister localities they are still common and frequently vi-it

the light traps to catch the adult froghoppers attracted thereto.

As with the lizards an accurate investigation of tlieir food is needed
before definite conclusions can be drawn.

Grasshoppers.

There are several species of predaceous grasshoppers in Trinidad th it

eat froghoppers and other insects. These belong to two genera
Xiphidiiom (Conocephalus) and Pflugis.

Xiphidium (Conocephalus) is represented in Trinidad, according to

the latest revision of Rehn & Hebard (Trans. Am. Ent. Soc. XII. p. 225)
by the two species, saltator and versicolor.

The former of these is the most abundant and is often in very large
numbers in the traces through the cane fields, l)ut much less common
among the canes themselves.

Fig. 17.

Fig. 17—A predaceous Grasshopper [Xiphidiuvt snUator).

It is a medium-sized long horned grasshop[)er. green wich a brown
streak along the back. The ovipositor of the female is long and projects

beyond the wings which are frequently reduced in length (Fig. 17.)

In addition to froghoppers it eats many other insects including

caterpillars, small Hymenoptera, and smaller specimens of its own
species. It also takes vegetable food. In J^ritish Guiana a closely

related species was found to eat the developing flowers of rice, and in

Hawaii X. variejiennc is partly vegetarian although also a valuable

destroyer of the injurious leafhopper. Closely related species are

abundant throughout ("entral America but always seem to prefer grass

to sugar cane as a place to live.

Although most active during the day tiie adults are frequently found
in light traps put out in the cane fields during the night.

The eggs of this grashopper are laid four or five together in slits in

the de-id leaf sheaths of grass and canes, but are easily distinguished

from those of froghoppers by their nuich larger size and cylindrical

shape. The eggs of X. varicpennc in Hawaii are parasitised by
Paraphel'uiHS xipliidii and the eggs of the Trinidad species are probably
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an alternative host (if not the regular host) of Faraphelinus tomaspidis,

t]ie Trash -coloured Egg-parasite, supposed to destroy the eggs of the

f) oghopper.

The adult Xiphidium are caught and stored up as food by the

burrowing wasp Splicx iclineumonicus.

Pjliif/is is represented in Trinidad by P. mantispa an active green

grasshopper, smaller and more slender than Xiphidium, which however
also prefers the grass and bush to the canefields. It is nothing like so

common as Xiphidiiim and is of comparativelj' little importance as a

check to the froghopper.

Related species of the genus are widely distributed throughout
Central America.

Ants.

.As has been mentioned above, the froth covering of the nymphs
makes them almost immune to the attacks of hunting ants.

.The adult however, in spite of its ability to jumii and fly, frequently

falls a prey to the various predaceous ants that are found in the cane

fields.

The following species of ants have been found preying on adult

froghoppers :—
Anochetus inermis, Andre, in Trinidad (Urich 1913 C. p. 26.)

Solenopsis geminaia in Trinidad (Urich 191.8 C. p. 26.)

Soletiopsis tenuis in Trinidad.

Pseudomyrma elet/mis in British Guiana.
Monomorium sp. in Trinidad.

Ectatomma ruidiian, Roger, in Panama.
Monomorium carhonarium F. sub sp. eheniurn, Fore), in Panama.

I am indebtedto ]\Iessrs. C. T. Bruce and W. C. Crawley for the

identifications.

In addition to destroying adult froghoppers these ants kill many
other useful and injurious insects in the field and some also carry away
froghoppers infested with green muscardiue, thereby preventing its

spread. Froghoppers are particiilarly liable to be destroyed by ants

when affected with fungus diseases, which make tliem !ethai-gic for some
time before killing them outright.

Fireflies (Lampyrid-e).

On one occasion it was reported to me by a planter that he had seen

a candle-fly" on his table the previous evening eating an adult frog-

hopper which had been attracted in to the light.

On another occasion I was given the larva of a similar species which
had been found in the froth of a nymph froghopper. Unfortunately the
larva was dead before I received it.

These Lamp3'rids and their larvae are known to be predaceous and are
common in the cane districts, but it cannot be said to what extent they
are a serious enemy of the froghopper.

The firefly or candle-fly referred to here is the small soft bodied
beetle wilh the single liglit beneath the end of the body, and not the
large hard click-beetle, locally known as "La Belle" which has two green
lights in front and a yellow one beneath.

Phorice (Diptera).

Ke'shaw (1913 I p. 10) reports finding some small flies of the genus
i'hora emerging from dead froghopper adults, but was not able to
determine whether or not they had attacked the adults before death.
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On two occasions I have found similar flies associated with frog-

hoppers. Once in British Guinna when they were found in captivity
destroying dead nymphs of a Clastoptern. sp., and the second occasion
was in Panama wlien they were found emerging from dead adult frog-

hoppers of the genus Tnviaspis. On neither of these occasions was it

possible to say that the froghoppers had not been dead before being
infested.

Phoridce are known as parasites, but further investigation is needed
before it can be said if the above is of this nature.

Soldier Bugs (Reduviid^e).

These insects are general predators and many of them occur among
the grasses and canes where fr.ighoppers are found. Their value as
enemies of the froghopper is difficult to estimate in view of their wide
range of food.

Several species are not common in Trinidad and the following have
been found in the cane fields :

—

Sirthenea stria. F.

liasakios liamatus. F.
4ti

Narvesus carolineiisis. Stal.

Saica recurvata, F.

Numerous other species are found in other countries associated with
froghoppers. The most important are the following :—

Heza peramata, a large species found in British Guiana hiding in the
axils of cane leaves and destroying adults of Toniaspis Jiavilxtera.

Zelus mimus, a smaller species common along the edges of the drains
through the cane fields in British Guiana where it was on several

occasions seen to eat froghoppers.

Castolus plagiaHcoIlis. The Mexican Bug. (Fig. 18.)

When on a visit to Mexico in September 1911 Mr. F. W. Urich sent

to Trinidad eggs of this bug which was found preying freely on frog-

hoppers in Mexico.

Fig. 18.

Fig. IS—The Mexican Bug (Oasto/ us p/a</ti(tirolh's), (From F. W. Uiich).

The eggs were hatched out by Mr. Guppy and the insect kept breeding
in captivity until March 1914 (Urich, Bull. Dept. Agric. XIII. ]). 102.)

At intervals several thousand were released in the fields but con-
ditions were apparently unfavourable as none was ever recovered.
Urich suggests that they wore killed by spiders.

In Mexico the eggs were destroyed by a species of Telenomus
(Urich 1918 B. p. 247.)

Repipta taurus. This small red Reduviid was very common in the
Bocas-del-Toro district of Panama in the first half of 1917 and was
frequently seen feeding on adults of Tomaspis.

At one time I intended sending specimens to Trinidad but lack of

communication made it impossible at the time and the few specimens
I brought back with me died on the journey.
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The eggs of this bug are erect, almost cylindrical, flattened at the sides,

very slightly narrowed towards the upper end and then expanded at the

cap'. Tliey are about i-2niin. in height by 0'44ium. in width. Colour

dark red brown with a nan-ow %\hite rim at the margin of the cap. The
upper end (the cap) is covered with a pale brown mealy secretion which

is produced to a shght j^oint in the middle. The eggs are joined together

and to the substratum by a colourless guaj. The exposed sides of the

egg are miniitely punctate. They are laid in two closely approximated

rows, the eggs in one row alternating with those in the other.

They are laid on grass stems and twigs and hatch in about

sixteen days.

Some experiments were made on the efi'ect of cold on the eggs with

a view to the possibility of sending them to Trinidad in cold storage.

Eggs laid between 14th and 24th Maj- were put into a domestic ice

chest on the latter date and kept there till 4th June (11 days). They
were then removed to nornjal temperatuie and hatched on 16th June.

They thus took about 26 days to hatch, of which 11 days were in

cold storage.

The adults eat many othet*' insects besides froghoppers and are also

to certain extent cannibal. They are capable of giving a severe prick

with their proboscis and one that pierced my finger produced intense

pain, worse but less lasting than a wasp sting, and the mark of the

injury persisted for over ten days.

Zelus rubidus was a larger bronze and yellow Reduviid not uncom-
mon in the Bocas-del-Toro district of Panama, and several times seen to

feed on Tomaspis sp.

Spiders.

A certain number of froghoppers are caught in the bush in the webs
of the orb-weaving spiders but these are not common in the cane field.

The most important group of spider enemies are the Atiidw or jumping
spiders which are much more abundant among the canes and ace

frequently seen with adult fi-oghoppers in their jaws.

The only specimen so far identified was a Scopocira sp. from
Panama.

The spiders are in their turn destroyed by ants and fossorial wasps,

and are also killed in large niimbers when a field is burnt.

Pi ED Mites (Acari.)

Froghoppers and other insects (grasshoppers, u)Osquitoes. flies, etc.)

are frequently found with small I'ed mites attached to their bodies,

wings and legs. One or two up to as many as seven or eight may be
attached to a single insect.

In Trinidad they appear to be most common towards the end of the

wet season and I have found them also on other species of froghoppers
in British Guiana and Panama.

Nothing is known of their history, and it is doubtful if they have
a,n\ serious effect on their host.

Urich (1913 0. p. 2B) gives their name as BhijncJtolop}tit.i sp.

The Gkeen ^Iuscardine Fungus.

{Metarrhizhim Anisoplite, Sorokin.)

This fungus which is one of the most important natural enemies of
the froghopper was noticed by Hart in 1889 at the time of his first

discovery of the insect. It was mentioned again in 1906 by Urich and
Collens in connection with the outbreaks in that year, and has since
continued each year to be more or less effective as a check on the frog-
hoppers, particularly on the later broods.
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The fungus, which is one of the £/i^omop//^/«on^ce«, attacks the living
froghoppers by hyphae from a germinating spore entering the body
apparently either through a spiracle or throu^'li the thinner parts of the
skin. The mycelium gradually fills up the body and the insect becomes
lethargic and dies. The mycelium tlien appears on the outside of the
body piercing at first cliietly through the thin connective tissue between
the abdominal segments, and fastens the insect to the substratum.
In the exposed places the fungus begins to produce its characteristic
dull olive-green cylindrical spores, which are formed in chains on the
ends of special erect hyphie and are from 0-004.')-0"0070nuu. in length
and 0-0023-0-002.5 mm. broad.

From the time of oi'iginal infection of tlie adult to the time of its-

death may be from two to six days and spores usually begin to appear
about two or four days after this. The insect when killed by this fungus
usually has the hind legs stretched out behind and crossing over one
another and is either in the axil of a leaf, or attached to the surface of a
leaf (usually on the upper surface) near its base (cp. symptoms of

Empusa fungus below).

The fungus is very much more abundant on adult froghoppers than
on the nymphs and indeed in the fields I have found it extremely' rare

on the latter. Many thousands of infected adults have been seen in the
last four years, but less than one dozen infected nymphs.

Gough (1911 B.) says he has not seen naturally infected nymphs
and he had great difficulty in infecting them artificially, chiefly he
believed owing to the protective froth, but Roier found that they could
be infected as well as the adults.

Among the adults a very large proportion of the infected specimens
are females. The following figures show this.

Locality. • Males. Females.

(Urich B. D. A. XI. p. 360) 9 38

Brechin Castle 19. XI. 18 3 16

Caroni 29. X. 18 3 7

Reform 18. IX. 18 . 9 20

Total 24 81

This may be due to the greater activity of the males causing the
spores of the fungus to be shaken off more readily.

It has also been observed that the infected females have usually not
laid their eggs, a fact which considerably increases the practical value
of the fungus. On the other hand the specimens dead and dying
from the fungus fall an easy prey to predaceous ants and are often

carried away by them before they have time to dissemi nate their spores.

The fungus usually appears in the fields in small quantities on the
adults of the first brood. The first specimen seen in the field in 1918
was on 12th June and in 1919 on 27th June. -On the second and third

broods however it is usually widespread and occasionally is responsible
for the death of the greater part of the brood. Its increase appears to

depend chiefly on the moisture present in the fields, and in [)eriods of

drought (e.g. the "Indian Summer", which sometimes comes in September
and October) it does not spread. This is possibly one of the ways in

which the rainfall brings about its important effect on the prevalence of

blight in the different seasons, {see ]). 96)

The Green Muscardine fungus is not confined to Trinidad, but is

known throughout the world on many different hosts.
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Stevenson (1918) gives its natural distribution as Russia, France,

United States, Mexico, Trinidad, Hawaii, Porto Rico, Samoa, Philippine

Islands, Java, and Queensland, and says that it has been introduced

into Mauritius. Cuba and Argentine.

To the natural distribution I can add British Guiana, Panama and
Grenada, and to the countries of introduction, Barbados and Colombia
should be added. From the high degree of humidity in the fields of

British Guiana it might have been expected to be common there, but
only a single infected specimen was seen during my visit in 1910. It is

possible that it is reduced by the continual heavy trade wind blowing
inland from the sea.

It is also known to attack a large number of other insects, Coleoptera
(including Rhinoceros beetles attacking palms, and hard-back beetles),

Lepidopfera (including the grabs of the small Sugar-cane Moth-borers),

Ortlio'iiterd (including earwigs and cockroaches), Diptera (a sjjecies of

Stomoxijs is recorded by Kershaw) and Heniiytera (Reduviids, leaf-

hoppers and froghoppers).

Urich (Bull. Dept. Agr. XI. p. 844) says that it did not attack the

Mexican bug (Reduviid) that he found feeding on froghoppers in Mexico,
but I found a Reduviid in Panama killed by it.

From the Trinidad point of view the most important of these
alternative hosts are the caterpillars of the small Moth-borers of Sugar-
cane (Diatraea spp.) and the hard-back beetles.

Practical Vne of the Fungus. The fungus under favourable conditions
destroys such a large proportion of the froghoppers that attention was
at an early stage drawn to the possibility of producing it artificially on
.a large scale and introducing it into the cane fields in time for the early

broods.

It was previously known by experiments in Europe that, unlike m ;st

entomogenous fimgi, it would [grow well on artificial media, and Rorer
in 1909 and Gough in 1910 took up the problem of producing it in

quantity. Thej- both found that it produced abundant spores on potatoes,
yams, peas, rice, various artificial culture media such ai bouillon- igar,

and horse-dung agar and also on cylinders of sugar-cane. On the latter,

however. Gough (1911 C. p. 19) found that it grew but produced no spores.

In 19J8 I a'tempted to cultivate it on '"filter-press cake", which is a
residue obtained in the manufacture of sugai', but found that on this

also it would grow slowly but produced no spores.

Experiments along these lines r. suited in the making of large cabinets
about six feet high by about three feet square, designed by Rorer, in

which were a dozen or more trays of cooked rice which could be
sterilised and innocula'^ed with the green muscardine fungus. It is not
the purpose of the present rep irt to describe these in full (for this st-e

Rorer 1913 A. &. B.). From one of them about 80 lbs. of a mixture of

rice flour and spores could be produced and this was spread by various
methods in the field.

The Usine St. Madeleine had in 1916 twelve of these cabinets in

operation and produced 1,230 lbs. of the spore mixture which they sold
to their subsidiary estates at 31 cents per lb.

Distribution in the Field. The simplest, most laborious and least
wasteful method consists of catching adult froghoppers in tubes containing
spores and then allowing them to escape after sufficient time for infection.
The second method emphasized by Gough, consists of putting small
pieces of infected rice or potato in the upper axils of the leaves of the
canes in such a position that they would probably come into contact
with the adults.
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The most wasteful method, and at the same time that requiring

least labour and so applicable to a large ai'ea, consists in blowing the

mixture of spores and rice flour over the infested fields in the late after-

noon or evening by some form of hand or rotary blower. This method
was developed by Korer, who at the end of 1912 dusted about 508 acres

on one estate with about 636 lbs. of mixed rice flour and spores at a cost

of about 25-28 cents fl/--l/2d.) per lb. for the mixture, or about 40c.

])e}i acre (these prices could not now be repeated).

In this connection it might be mentioned that if the distributor of

the spores gets much of the mixture in his face it may set up a form of

hay-fever which is extremely unpleasant. I myself was incapacitated

for two days by this after shaking a bag of spores over about two acres

of a cane field.

Yet another method of distributing the spores experimented
with by Gough and Rarer and later by myself consists in attracting the

adults during the night by means of lights to trays containing the

spores with which they become covered. For further particulars of

this method see under " light traps" (p. 146.)

The final test of these various methods adopted to spread the infesta-

tion of the green muscardine fungus, must always be the result obtained,

and in this connection it must be admitted that it is extremely difficult,

if not impossible, to estimate accurately the effect of such treatments.

There is nearly always a considerable natural infestation in a field and
it is difficult to separate this from the results of artificial introductions.

Under suitable conditions there is little doubt that appreciable results

can be obtained but should the conditions alter, as for example when
the weather turns dry, the whole expense of the treatment may be lost.

Eorer and Urich in 1912 distributed spores on a field at Orange
(irove and found later an average of 92 dead adults per stool. ( Urich.

Bull. Dept. A(jr. XI. 71 p. 860).

At Golconda Estate in 1918 we were able to produce an infection of

the first brood which was light but at the same time considerably

greater than most first brood infections. On the other hand in July

1918 I distributed spores in a field at Williamsville Estate where only

one or two dead adults could be found, and thi-ee weeks later a close

search failed to reveal a single infected specimen. Conditions were
somehow unfavourable, and not only did the artificial infection fail, but

even the natural infection that was starting passed away.

Some estates distributed spores regularly for several years. Others

have never made any attempt to supplement the natural infection.

Estates in both groups have suffered severely and other estates in both

groups have escaped.

The method is so dependant on external conditions that it becomes
a form of gamble. The outlay is however sn.iaH'' and could easily be

covered by most estates by the saving of a few tons of sugar. The
method is also technically difficult, the wrong fungus may be grown in

the cabinets by acc^lent. particularly if sterilization of the cabinets has

been faulty, while distribution in a high wind or in fields alieady heavily

infected naturally, will result in a loss of tlie material prepared.

I believe that further investigation could be profitably made on the

use of green muscardine fungus, but the method can never be made to

appeal to those who are looking for a certain cure with next to no
expenditure of time and trouble.

*'J'lie Usiiie Ste. Madeleine in 1!M8 sp.'iit just over two thousiuul ilollar.s on the

production of green muscardine fundus.
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The Empusa Fungus.

This fungus, a species of a well known group of insect parasites, is

very much scarcer in the fields of Trinidad than is the green

muscardine.

The insect, when attacked by it, usually remains attached to the leaf

blade high 'ip on the upper or under side well away from the base of

the leaf. This would indicate that the death of the insect occurred at

night time when it was out sucking and that it was more sudden and less

preceded by lethargy than when caused by the green muscardine. The
insect when dead is also in a more natural position than with the latter

fungus and the hind legs are not stretched out behind.

The appearance of the fungus shortly after the death of the frog-

hopper is a soft moist jelly-like mass of fungus mycelium between the

body of the insect and the leaf. At this stage the spores are shot off

and then the fungus dries up leaving the dead adult attached to the leaf

by a brown net-like palisade of dried hyphse.

Nowell examined the fungus in its. moist stage and found the

characteristic sj^ores of Emjiusa and also a number of minute motile

bodies probably Protozoa.

The first reference to the fungus is by Urich (1913 C. p. 27) who says
" it was active last year I^191'2j and in several districts quite a large

number of adult froghoppers were killed by it. It was particularly

prevalent in the Princes Town and Naparima districts."

Mr. E. E. Fabien, Manager of Cedar Hill Estate says that in October

1912 a large number of the froghoppers on that estate were destroyed by
it, and .J. McPherson. Manager of Ben Lomond Estate, wrote at the end

of 1912 in an unpublished circular "since the beginning of November
1912, while we were getting showers of rain daily, a natural fungus was
very prevalent and destroyed large numbers of froghoppers. When the

fungus attacks them, they leave the heart of the cane and walk up into

the sun at the top of the leaves where they remain until they die."

Since 1916 I have found it in the cane fields on various occasions

which are as follows :

—

Date.

9. X. 16

25. X. 17

26. X. 17

16. XL 17

22. XL 17

1. IL 18

19. XL 18
31. XII. 18
6. I. 19

20. L 19

28. X. 19
4. XL 19

5. XL 19
End Nov. & beg. I

Dec. 1920
J

The last record refers to a very sudden epidemic which occurred on:

the unusually late third brood in 1920 after a wet November. Several

thousand dead specimens were seen on four or five different estates but
the greatest outbreak was at Cupar Grange. Of eighty-three specimens
collected at the latter locality 58 were males a.nd 25 females ; this excess

of males is the opposite of what is found w'ith the green muscardine
fungus.

Records of Empusa Fungus.
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It will be seen that the fungus has never been found before October
but may persist for a short time into January.

The rate of infection of adults as indicated by laboratory experiments
is extremely i-apid. Healthy specimens were confined in a cage with
diseased ones on 4th November, 1919 and one was dead and showing
distinct signs of Empitsa fungus thirty six hours afterwards on the
6th November.

Unfortunately this Empusa, unlike the green muscardine, can only
be cultivated with very great difficulty off the host insect, and even in

this it is exceptional as most other species of Empusa cannot be
artificially cultivated at all.

Acting on some suggestions of Mr. Rorer I made an attempt in 1917
to cultivate the fungus and carry it over the dry season in order to

distribute it in the beginning of the following wet season.

On 17th November, 1917 I inoculated from an infected insect two
culture tubes of agar and six potato tubes. By the 8rd December
(sixteen days) one of the potato cultures had a thick mycelium growth
and was shooting off spores on to the side of the tube. By 15th
December several other of the potato cultures were producing spores, but
those on the agar had failed to do so.

Transfer cultures were taken on fresh potato tubes from these spores,

but they gradually died off and failed to produce a further supply of

spores. It is probable, that in order to carry on the culture, alternate

generations at least would have to be grown on the insect to keep up
the vigour of the strain.

The fungus, or a similar one, has been recorded in Mexico on frog-

hoppers by Urich (1913 B. p. 247). In Trinidad nothing further is

known of its liabits or any other hosts.

HYPEHPARASITES.
Under this heading will be considered those animals which prey on

the enemies of the froghopper, and by reducing their numbers allow the

froghopper to multiply.

The Mongoose.

Since its introduction into the West Indies about 50 years ago the

mongoose has been a subject of debate and dispute.

It was originally imported without the slightest atteuipt to get first

an accurate estimate of its food, and after being greatly praised for

,\ears for its effective destruction of rats, it has grtulually become the

scapegoat which receives the blame for every outbreak of every pest
in the West Indies, among which must be included the froghopper at

present under consideration.

As mentioned on p. 18. I was in 1917 instructed by the Froghopper
Committee to find out if possible to what extent the mongoose was
responsible for the recent outbreaks of frogh3p2:)ers.

In order to do this, two lines of work were necessary (1) to get an
accurate history of the outbreaks of froghopper blight in Trinidad and (2)

to get an accurate knowledge of the food of the mongoose.

The history of the blight so far as can be ascertained has been given
in Section III.

The investigation of the food of the mongoose was started in 1917
and carried on for a year, the results being published in a separate
report (Williams 1919 A.)

With these facts we can proceed with the original inquiry.
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According to Urich (1914 D.) the mongoose was first introduced into-

Trinidad about the year 1870 tD some estate in the Nap irimas. The
animals arrived in a ship from India and some escaped in Port-of-Spain.

Other importations took place daring the next twenty years or so, but it

was not until 1898 that any adverse opinion was expressed as to its

desirabiiity. In this year the Trinidad Field Naturalists Club resolved

that its importation should be prohibited.

Urich. writing in 1914 (1914 D. p. 6) says "There is no authentic

record of how many animals reached the Naparimas, but evidently the

mongoose did not survive there as up to now comparatively fesv have

been reported from that district." This is also confirmed by figures

given of the numbers destroyed in the Northern and Southern sections

of the island. From 1902-19i;:5 a Government reward was given for

dead mongoose and over 30,000 were destroyed in the island north of

Couva. while forty-three were destroyed in the Naparimas and none

further South {Proc. Agr. Snc. Trimdad .f- Tobago, XIII. p. 131.)

The mongoose ha^ been abundant in the Northern district for about

20 years, in the Central district for about 10 years, and has only recently

become common in the Southern section. '

In order to show more accurately the variety and proportion of the

food of the mongoose, tlie tables showing the total contents of 180

mongoose stomachs is reproduced here from my previous report and
also the final balance sheet, where the foods of no practical importance

are eliixiinated. In this table all the useful animals destroyed are

printed in capitals and all the injurious ones in italics.

TABLE V. -The Contents of 180 Mong-oose Stomachs.

Vertebrates

Insects

Other Arthropods

Vegetable Matter

Common ILU
Spiny Rat
.MIS<'ELLAXE01S BIRDS
DOMESTIC FOWE
KowE Ei;(;s

JJZAKDS
Snakes
FR0(.S

TOADS
Fisli

(Irasshoppe i
•<

Molt Crickets ...

Crickets

Cockroaches
Stick Inserts

Moths
Caterpillars

Fly-grubs
Plant Bvgs
Lamellicorn Beetles

Lamellirorn Gridis

CARABID GRCBS
Weeril.s, adnlts

Weevils, grubs
Miscellaneous Beetles
Ants

SPIDERS
Scorpion
Centipedes
Millipede
Tick
Crab

Hiilf a dozt-n fruits.

A little coconut.

26
2;

14
10
•2

17

18

14

14

6

535
1)

3
54
1

3
2
27

•2

43

7
44
7

7
46
3

44
1

14

1

1

One feed of yam.
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TABLE VI. BALANCE SHEET.

Credit.

?8 Rats.

About GOO injurious insects.

3 Crabs.

Dekit.

26 Birds.

17 Lizards.

29 Frogs and Toads.
44 Useful insects.

44 Spiders.

The evidence incriminating the inonfroose is as follows :

—

(a) The froghopper blight in Trinidad has been apparently more
abundant in the last fifteen years, within the time that the mongoose
has been to any extent widespread in the island.

{h) There is a general of)inion among all the older planters in the
colony that wild birds and lizards are much less common nowadays in

the cane districts than formerly, and as many of them eat froghoppers,
their reduction would allow the froghoppers to increase.

(c) The mongoose is known to destroy lizards, frogs, toads and birds.

{d} In most countries where the mongoose has been introduced it

has acquired a reputation for destroying birds and lizards and causing
outbreaks of insect pests.

On the other side the following observations can be made.

(a) Although outbreaks of blight have apparently been commoner
within the last fifteen years, we have accounts of blight of a similar
nature many years before the mongoose was introduced, and outbreaks
definitely known to be due to the froghopper so soon (1889) after the
introduction of the mongoose that its influence cannot have been
concerned. Further the outbreaks of blight even in the last twenty
years have not been correlated with the spread or numbers of the mongoose.
In 19U6 there were serious outbreaks in the Nuparimas. ;iltlioui;h the
mongoose was still mre in that district.

(L) Many other causes during the past fift\- years have tended
towards a reduction of animal life in the cane fields. incLeased
population, spread of cultivation and destruction of forest areas. are noi
the least of these. Better drainage has reduced the number of breeding
places for toads and frogs, better cultivation and the reduction of abandoned
land destroy breeding places for birds and lizards, and last, but not least,

the practice of burning the canes before cutting and of burning the

trash after cutting, fortunately less frequent now than formerly, both
desti'oy a considerable proportion of the animal life in the cane fields.

If it is held that injurious as well as useful animals and insects are

thus destroyed it must be pointed out that the injurious insects breed

more rapidly than birds, lizards and toads and hence recover more
quickly and cause damage before their slower breeding enemies have
again become efficient. •

(c) Although, as shown by Table V and my previous report the

mongoose destroys birds, a large proportion of these are domestic fowls,

which do not concern the present enquiry, and of the others many are

not insect-eating.
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Several planters jjave remarked to me on the great reduction in

ground-doves as a proof of the ravages of the mongoose, but this bird

does not eat froghoppers, and in my own experience it is one of the

commonest bu'ds in the ("aroni district, where the mongoose abounds,

.and though lai-ge tloeks of tliem are to be seen on tlie ground there,

tliirty-six mongoose stomaelis from this estate did not contain the traces

of a single bird.

The mongoose cannot climb and has to confine its attention to birds

which nest or feed on the ground, and it will be seen from the account

of the bird enemies of the froghopper (p. 70) that the chief of these are

not ground-nesting birds. The most important of all—the Scissors-tail

Fly-catcher—does not breed in Trinidad, while the others mostly nest in

bushes and trees well away from the ground. The only two which nest

within reach of the mongoose are the Black-finch and the lied-breast.

both of which are of little importance, and yet at the same time cannot
be considered rare in the cane districts. In addition the mongoose eats

rats which are able to climb and destroy the eggs and young of many
tree-nesting birds {see below).

The destruction of lizards and toads is a more serious charge and it

is hoped to start an investigation of the food of these in the coming year.

At the same time attention must be drawn to the figures given in

Table IV of my report on the food of the mongoose (Williams 1919 A.

p. 184). The number of lizards, snakes, frogs and toads found in thirty-

six stomachs at Caroni, a locality for many j-ears heavily infested with

mongoose was in each case greater than the number found in forty stomachs
from the Southern district, where the mongoose has only recently

become numerous. Although the excess is not great, yet it is entirely

contradictory to wh;it would be expected if the mongoose had been the

chief factor in the supposed reduction of these animals in recent years.

(d.) Trinidad, and other covintries to which the mongoose has been
introduced, are bj' no means the only places in the world which have
suffered from insect pests of recent years, nor are they the only countries

which complain of a reduction of natural wild life.

As a result of these considerations one is forced to the conclusion that

the inoiiijoose although dovhths'i Hiide-dirubfe, and ponsihly to a very limited exttnt

contributory to recent outbreul:^ of pests, is not the one cause, nor is it eren one of

the most important causes, of the outbreals o/froyhojjper blight in Trinidad.

Two yjohits of interest in connection with the mnngoose have been
settled since m}' report in 1919. The centipede whicli was found repre-

sented in fourteen stomachs was identified bj^ the Imperial Bureau of

Entomology as Scolopendra angidata, Newport.

I submitted to the same Bureau some preserved skins of mongoose,
with the idea that their destruction might be encouraged and made
more profitable if a market could be found for the skins. The reply,

which was as follows, is not encouraging.

"I submitted the skins of the mongoose to the Imperial Institute and
asked them to make enquiries as to their market value. They have
written to me to say that the replies they have received are very
unpromising and indicate that the skins have no commercial value. One
firm stated that they would come into competition with ordinary squirrel

skins, etc., and might possibly be valued at |d. (1 cent) each."

•
Rats.

On several occasions rats have been found to destroy the nests and
eggs of birds, and in this habit they have the advantage over the
mongoose in that they can climb trees and reach the nests of tree and
bush-living species.
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On one occasion the nesfc of a tick-bird was found with a rat in it

and the eggs broken. This nest was about seven feet from the ground.

On another occasion a rat fled from the nest of a giouti on our

approach and on examination this nest was found to be damaged and
the eggs broken.

Birds.

In addition to the good that insectivorous birds do by eating the

adult and nymph froghoppers, it must be recognised that by destroying

the enemies of froghoppers they may to a certain extent cancel out their

previous value. Thus the tick-bird {Crotophaga ani) has been found to

eat spiders, grasshoppers (including Xifliidium) and preying mantids.

The boat-tail {Quisqualus luguhris) eats lizards which would in turn

eat the froghoppers. The grey-headed keskadee has been observed

eating dragonflies, and the common keskadee has several times

been reported killing lizards. In fact, with regard to the latter bird,

Mr. Urich has put down the comparative abundance of tree lizards in

Grenada to the absence of our common keskadee.

Lizards.

Even the lizards are not above reproach in the matter of their food.

On more than one occasion they have been seen to eat jumping spiders,

and dragonflies have been found in the stomach of a large species. A
more accurate investigation of the food of lizards is needed.

Snakes.

Urich (1913 C. p. 24) reports that the snake Scytale coronatum eats

lizards, but that it is not very common on the sugar estates and he

tliinks that it is disappearing.

Grasshoppers. (Xiphidmni.)

In captivity young XipJiidium have been found to eat miscellaneous

small Hymenoptera including the vermilion parasite. In the field their

diet is probably somewhat similar.

Ants.

Ants, like all general predators, do not distinguish between insects

that are, to the agriculturist, useful or injurious. They have been
observed killing jumping spiders {AttidcB) and young XipJiidium.

FossoRiAL Wasps. {Spliegidce.)

Sphex ichneu7nonicus makes burrows in the soil in various parts of

Trinidad and British Guiana, particularly where the soil is light and
sandy, and stores them with the adults and nymphs of the grasshopper

Xiphiditim. Other wasps make mud nests and store them with spiders.

They are in turn preyed on by other parasitic wasps and I have seen

hunting ants removing the grasshoppers from the burrow of the Sphex.

Spiders.

These have also to be sometimes included among the hyper-parasites.

They have been said to be responsible for the failure of Urich's "Mexican
Bug" to establish itself here, and Guppy fomid that in captivity they

destroyed his Syrphid flies to such an extent that breeding these on a

large scale was impossible.

Oligochaete Worm.
Under "The Syrphid Fly" p. 69 will be found particulars of a worm

believed to be parasitic in the pupa of this fly. It was found in Tobago
by P. L. Guppy.

GiBELLULA Fungus.

This is an entomogenous fungus which destroys spiders. On several

occasions I have found it on jumping spiders in the cane fields. The
spider dies attached to the leaf and is covered with a mass of fungus
hyphse which are raised into vertical projections bearing spores.
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THE PARASITE COMPLEX.
In the above pages an outline has been given of the various parasites

and hyper-parasites with which the froghopper is associated in the cane
fields. In Fig. 19 an attempt has been made to show in diagramatic

form the way in which all these animals and fungi are inter-related. In

the centre the froghopper is shown and in the first ring round it are all

its natural enemies grouped according as they feed on the egg, nymph or

adult. In the outermost ring are the hyper-parasites or enemies of the

enemies, and in the intermediate ring are shown other hosts or foods of

the parasites and hyper-parasites. The arrows indicate that the animal
at the feather of the arrow destroys the animal at the tip.

Pig. 19.

Fig. 19—Diagram illustrating the Parasite Complex centring round the froghopper.

A careful study of this diagram will show the extraordinary complexity
of the relationships and the great difficulty of deciding whether any
jsarticular animal is valuable or undesirable.
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Thus it will be seen that birds eat froghoppers, but they also eat

lizards, which in turn eat froghoppers. The mongoose cats birds, which
eat froghoppers, and as such it is undesirable. But the mongoose also

«ats rats, which eat birds, which eat lieards, which eat spiders, which
eat Syrphid flies, which eat froghoppers. What conclusion can be drawn
from this ?

It is hoped that an examination of this diagram will disillusion those

who speak of the "Introduction of New Enemies" as if it were a remedy
the obviousness of which was only exceeded by its simplicity and
certainty of success.

SECTION^ V^II.

THE ROOT DISEASE OP SUGAR CANE.
It is not the purpose of the presenb report to give a complete account

of the root-fungi of sugar-cane. Such a work is best done by an

experienced mycologist. Only a sufficient outline will be given here to

enable the planter to recognise the chief root-fungi, in order that he can

realise for himself the part they play in the production of blight.

For most of the technical information in this Section I am indebted

to the writings of Nowell, .Johnston, Bancroft, South, and others

mentioned in the bibliography at the end.

FUNGI CONCERNED.
We have apparently two distinct groups of fungi attacking the roots

of cane in Trinidad (1) The Marasniius type and ('2) the Odontia-

Himantia type.

Quite recently Carpenter (1919) has described a root fungus Pythinni

sp. causing a form of root disease in canes in Hawaii but no search has

yet been made here for this fungus.

Marasmliis type. The most obvious visible sign of the presence of

this fungus is the matting of the leaf sheaths, particularly near the base

of the stem, by a white, dried-paste-like mycelium (Plate VII). This is

the vegetative part of the fungus and grows in living or decaying tissue

according to conditions. The spores of these fungi are produced on
small mushrooms or toadstools (Plate VIII) which are however not

frequently found. The various species concerned differ in small details

such as the size of the mushroom, the^number of rays beneath the top

and the colour of the stalk, but all are apparently more or less similar

in effect.

The Odontia fungus in its vegetative stage also mats down the basal

leaf-sheaths of the cane, but on pulling them apart a feathery fungus is

seen (Plate IX) which when examined with the microscope is found to

contain numerous minute stellate crystals. This form is found between

the matted sheaths only, in positions hidden from the ligiit, and has been

known as Hiinantia stellifera.
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On the outside of sheaths infested with this fungus is found a closely-

felted granular surfaced fungus in which numerous spores are produced
(Plate X). Two closelj' similar species of this type have been described
as Otlontia Sarxhari and 0. saccharicola. It is the opinion of Nowell,
Johnston and Stevenson that this is the fruiting or spore pi-oducing

stage of the previous feathery Himantia fungus. From my own
experience in the field I can testify to the constant association of the

two forms, often in such close proximity as to leave almost no doubt as

to their identity. On Plate X a few strands of the Himantia type will

be seen near the top where the surface sheath has been removed
exposing the fungus that has developed in the darkness.

DISCUSSION AND SYMPTOMS.
The recognition in the field of these two types of fimgus is a com-

paratively easy matter, but the determination of the amount of damage
done is extremely difficult. The fungi are " facultative parasites," that

is to say they can exist quite readily on dead and decaying matter
(suprophytically) but under certain conditions they become parasitic,

in^ade the still living tissue and destroy it. "When parasitic, these

fungi grow in the roots and root-stock of the canes, cause the death and
decay of the smaller roots and the staining of the tissue of the larger

roots and root-stock.

A cane with its roots damaged by such an attack ceases to grow,

and even in moist weather shows symptoms of a shortage of water.

The leaves curl inwards at the edges and wilt and become paler in

colour. The internodes of the upper part of the cane do not elongate,

the leaves remain crowded together, and adventitious roots are thrown
out at the base of the cane underneath the matted leaf sheaths in an
attempt to obtain the required moisture. If conditions remain favour-

able to the fungus these small roots become in turn infected and the

stool may die out completely.

Only rarely does the infection spread above ground to any extent

inside the cane and commonly when conditions become favomable
quite healthy shoots are put out by diseased root-stocks.

The disease may attack a few isolated stools in a field, or the greater

part of a field, but outside Ti'inidad it does not appear to destroy such
large areas as is found to be the case with the blight in this island.

The conditions which determine the extent of parasitism of the

fungus are not well understood. The amount of ^isible fungus present

in the fields is no measure of the amount of damage. The injury always
shows most severely in dry weather, particularly when this occurs at an
unusual time of the year. Thus it is more conspicuous after severe dry
spells in September to November in Trinidad than in the normal
dry season.

The dis-ease is known in all the chief sugar-growing districts of the

world (W. Indies, Louisiana, Java, Hawaii, Queensland, S. Africa etc.)

and it is usually found that any condition which adversely affects the

vitality of the cane will reduce its resistance to the fungus. Thus
previous insect or fungus injury, starvation due to poor soil, heavy
badly-aerated or waterlogged soil, and also aciditj' due to injudicious use
of chemical fertilizers in soils deficient in lime, are all found to increase

the damage done by these species of fungi.

There is great need of more critical experiments on this subject.

Johnstone and Hai'tman (1919) have studied the influence of soil acidity,

moisture and soil temperatures on a fungus Thielavia basicola which
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PLATE L\.

Myceliiuii oi Himantiu Root-fungus.





PLATE X.

Fruiting stage of Odontia Root-fungus.
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causes the "root-rot" of tobacco in certain parts of the United States.

After carefully planned experiments in which they were able to vary the
conditions one at a time they found that the most important factor was
the temperature of the soil, and that at 20° C. (68° F.) the fungus is an
active parasite and rapidly destroys the roots of the tobacco plant while
at 30° C. (86° F.) it has little or no influence and the plant grows
vigorously. A series of experiments of this nature could not fail to

throw important light on the problems in connection with the root

disease of sugar cane.

ROOT DISEASE IN TRINIDAD.
In Trinidad the two types of roob fungus are to be found throughout

the sugar districts, one or other, and occasionally both, being present in

almost every field in small quantities. On the whole the Odontia type
is more abundant than the Marasmias. The former can be found in

the fruiting stage at almost any time in the wet season, but the

fructifications of the latter are not common. They have however been
found as early as the 10th June, and as late as the 30th December, and
probably occur at all times in the wet season under suitable local

conditions, which appear to be provided by a saturated atmosphere after

comparatively dry weather.

There are at least two species of Marasmius on sugar-cane in Trinidad
in one of which the stalk of the mushroom is white and in the other

purple- black.

Root fungi have been seen attacking plant-canes just sprouting and
occasionally damage well-grown plant-canes, but it is on ratoon canes
that they are most abundant and that the injury is most severe.

The difference between uncomplicated root fungus attack and the

Trinidad blight, and the possible association between the two are

-discussed in Section IX.

-<€r-^
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SECTXON^ Ylir.

THE FACTORS INFLUENCING THE PREVALENCE
OP BLIGHT.

From year to vear and from ^\'eek to week—from district to district

and from field to field, the blight varies in intensity. It is the piu-pose of

the pi-esent section to discuss the influence of the factors of the environ-

ment that vai-y with time and locality. and so produce these local

difi'erences in the extent and severity of the injury.

These factors may be conveniently grouped under four sub-headings :

—

(1) The j)hysical cnvironme)it, or those factors such as rainfall,

temperature, soil and contours of the land over which man has little or

no control.

(2) The cujricultural jJt'ocesscs such as drainage, tillage, rotation,

manuring, etc., by utilising which the planter can make the best of his

given physical environment.

(3) Tlie characteristics of the cave itself which vary in different

varieties and produce greater or lesser resistance to injury.

(4) The direct effect of the niimhcrs offrocfhoppers present and the

effects of root fungus and other diseases on the cane in weakening
resistance to further attacks or preventing the recovery from past injury.

The methods by which these various influences may be utilised to

prevent or control blight will be discussed in Section X. Here we are

concerned chiefly with the degree of relation between the environment
and the damage.

RAINFALL.

The quantity and distribution of the rainfall during the year is

probably the most im[»ortant single factor in the environment of the
froghopper.

From the vei'y first the connection between rainfall and blight has
been noticed, and Cruger in I860 considered the blight as due to "a want
of rain at a cex'tain period." Other observers have at intervals recorded
their opinions, some believing that an excess of rain favoured blight,

others that it was due to a deficiency, and others again that rainfall had
no effect.

In 1919 I made a special study of the rainfall in relation to blight by
comparing it in good and bad years and on good and bad estates. It

was shown first that there is no relation between the total annual
rainfall and blight (see Fig. 20), but that there is evidence that the
distribution of the rainfall has a distinct effect.
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Fig. 20.

Fig. 20- Annual Rainfall on six Trinidad sugar estates 1907 to 1918 with the total

crop for the corresponding period. Note the absence of relation between the two.

The conclusions reached were summarised as follows, (Williams 1919

E. p. 167) :

" (1) Alternation of wet and dry periods during the growth of the caue
is an important factor in determining the prevalence of blight.

" (2) A. long dry season followed by unusually heavy rains in June or

July is frequently connected with wide-spread blight.

" (3) The most important climatic condition however appears to be
the severity of the ' Indian Summer', a dry period in September or

October. A. severe Indian Summer is a general condition both of

localities damaged by blight in one year and of years of wide-spread
blight in one locality."

The evidence of these conclusions is given in full in the above report,

but for convenience four of the diagrams are reproduced here.
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Figs. 21 and 22 show the rainfall on a single sugar estate during five

years free from blight and six years of widespread injury respectively.

Figs. 23 and 24 show on the other hnnd the rainfall in one year on three

estates free from blight and four estates where damage was more or less

severe.

Fig. 21.

Fig. 21.—Monthly rainfall on a Trinidad sugar estate during five years remark-
ably free from blight. Isote regularity of rainfall as compared with Fig. 22.
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Fig. 22.

Fig. 22.—Monthly rainfall on the same estate during six years of wiilespreail blight

Note the marked drop' in all cases in September or October at tlie "Indian Summer"
(c.p. Fig. 21).
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Fia

Fig. 23.

23.—Monthly rainfall during 1918-1919 on three estates where no damage was
reported (e.p. Fig. 24).
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Fig. 24.

Fig. 24.—Monthly rainfall during the same period on four estates when the damage

was more or less severe. Note again the more severe "Indian Summer' drought m Nep-

tember (c.p. Fig. 23).
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In each case the importance of the dry Indian Summer is emphasised,
and in the first two figures there is some evidence of the influence of a
longer dry season and wetter June and July in producing blight.

The beneficial influence of a more regular supply of moisture is well

shown by certain observations. Thus in the Princes Town district the

rainfall appears to be niore regular, and less subject to droughts than
the rest of the sugar-cane areas, and it is this district that suffers least

from blight. Another still more striking case is in a field on Hermitage
Estate which is regularly damaged b3? blight, but, apparently owing to

the gradual seepage, the canes immediately round a pond at the top of a

ridge and in a line down the slope below it are always much less

damaged than those on either side.

Similar conclusions liave been arrived at in British Guiana by
Bodkin and Moore, both of whom believe that the severe outbreak of

blight in that country in 1918 was brought about, or at least influenced

by abnormal weather conditions, the most important of which was
unusually wet weather at the beginning of the year, which produced a

waterlogged condition of the soil and backw'ard cane plants.

The total effect of the rainfall can be brought about in several

different ways, chief of which are:

—

(1.) Direct effect on the froghoppers.

(2.) Indirect effect on the froghopper through its enemies.

(3.) Direct effect on the canes.

(4.) Indirect effect on the canes through root fungi.

(1.) Direct effect on the froghopper.

The froghopper cannot continue its cycle without a certain amount
of moisture, and except in wooded country (forest and cacao districts),

along the banks of streams, and occasionally in field drains, the con-

ditions in the normal dry season in Trinidad are below the minimum
moisture required for breeding. The insect as a i-esult spends this part
of the year chiefly in the egg stage, which has been shown experimentally
by Guppy to be capable of resisting at least six months desiccation.

The first rains of the wet season are the signal for the hatching of

the eggs and resumption of activity, and as these occur more or less

simultaneously over the island the dates of the broods of the froghoppers
bear a constant relation to the first rains.

In Fig. 25 is tabulated all the information that can be obtained for

the fourteen years 1906-1919 with regard to the beginning of the wet
season and the occuirence of the broods. In 1908, 1909, 1915, and 1919
the wet season started at the end of April and the beginning of May.
In all these years (except in 1908, for which we have no records), the

first brood had begun to appear before the end of .Tune and the second
brood before the end of August. In 1911 and 1913 on the other
hand the wet season did not start till the last week in May and in both
these years the first brood was at the end of July and lasted into August.

The beginning of the wet season is sometimes well marked and some-
times gradual, the latter usuallj' when it has started early. Allowing
as far as possible for this lack of definition it may be stated with
some degree of accuracy that the first brood is at its height 53-61
(with an average of 57) days after the first rains.

It is more difficult to estimate the maximum of the second brood,

but it seems to occur a few days under two months (about 58 days) after

the first, with the third brood at a similar interval later again.
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Fredliolm (1912 B. p. 416) discussing the serious drought at the

beginning of 1912, and the outbreak of blight which followed it, writes

"That there is a connection between these two occurrences there is not

the slightest doubt in my mind The frequent and widespread forest

and field fires of the drought may be contributory reasons for the

increase of the froghopper. Many of the natural enemies, which under

normal conditions would tend to keep this pest down, must have perished

in the field fires. Vast numbers of snakes, lizards, toads and frogs must

have iDerished in the field fires. The eggs of the two first mentioned

must have been destroyed by tens of thousands. Ponds and marshes

drying up would entail the destruction of nearly all the eggs of the latter

and their tadpoles."

It is however probably on the Green Muscardine fungus that the

dry weather has the most important effect. This fungus can only grow

well in a moist atmosphere. Attempts to produce artificial infection of

adult froghoppers during the dry season failed until the cage was

surrounded by damp cloth to produce a moisture-laden atmosphere.

Dry weather at the time of the second brood of froghoppers will prevent

the rapid spread of this disease, (which under favourable conditions may
destroy the greater part of the brood), and as a result the following third

brood will be much more serious. Very heavy downpours may also

produce a similar effect by washing to the ground many spores that

might otherwise have come into contact with the adult froghoppers.

We know that both dry v/eather and heavy downpours are correlated

Avith blight and this is undoubtedly one of the ways in which the effect

is produced.

Dry weather has probably a similar effect on the Empusa fungus, but

this is usually so rare that its reduction would be little felt.

(3) Direct effect on the Cane.

Dry weather during the growing season reduces the vitality of the

cane, checks growth, and puts it in a condition in which it is more
likely to succumb to injury, or if the injury is already present it

prevents recovery. This is one of the effects of the severe Indian

Summer.

Further experiments are needed to see if the spread of the leaf

injui-y from the point of puncture of the froghopper is more rapid in dry

weather than in wet. A few observations I have made seem to indicate

this, but no opportunity has yet occun'ed to follow up the investigation.

(4) Indirect effect on the Cane.

Severe injury by root fungi is in many countries correlated with
unusually dry weather. The main physiological effect of the presence of

root fungi is to increase the severity of the injury that would be caused
by the lack of water.

The importance of rainfall in connection with root disease is well
illustrated in Barbados, where in the dryer areas only a single crop can
be obtained from one planting, whereas two or even three can be cut
further inland where the rainfall is higher. This is largely due to the
rapid increase of root fungus in the dryer areas when any attempt is

made to gi-ow ratoon canes.
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In all questions of rainfall in connection with agriculture it must be

remembered that it is the available moisture rather than the total

precipitation that is important. The former depends on the state of the

soil and drainage, both of which will be discussed below. In addition

the rainfall is not the only source of moisture, as in many parts of

Trinidad in the dry season there are heavy dews and ground mists each

night, which condense on leaves of the plants and supply them witli

much of the moisture necessary for growth at this time of the year.

Rainfall records have been kept at about a hundred stations in

Trinidad for many years, but up to the present no attempt has been
made to study the records or to produce rainfiall maps. In view of the

importance of an accurate survey of the rainfall in the study of agriculture,

plant diseases, and. last but not least, the water supply of towns, it is

to be hoped that funds will be made available for such work without delay.

CONTOUR.

There appear to be certain districts in the Island more liable to frog-

hopper attack and others less liable. The low-lying parts of Harmony
Hall Estate in the Naparimas, the Waterloo group of estates in the

Couva district, and the estates in the Northern Section are particularly

liable to attack, while those in the Princes Town district are particularly

free. Some of these differences are due to differences in the soil, others

to differences in the rainfall (e.g. Princes Town district) but as a general

rule it seems that the low-lying flat districts are more liable to attacks

than the hilly parts.

In individual fields a similar effect is sometimes seen between the

part of a field on the top of a slope and that at the foot, but the

difference is not always in the same direction and in some fields it is the

upper part that is damaged and in others the lower part. A close

examination almost always reveals some change in the soil which will

account for the difference in infestation. Some examples of each are

given below.

Damage Worse at top of Slope.

Brecliin Castle. Mr. Arbuckle says that some years ago he had a

field with a small hill in it and that the top of the hill was destroyed

while the lower surroundings were untouched.

Tarouha. Field E. "better at N.W. corner at top of slope ivhere

soil is distinctly better". (20. i. 19.)

Union Hall. Field 6 N. damaged at top of slope, 10. ix. 19. Visible

difference in soil, ivliich is heavier red clay at top.

Corinth. Field 6. 10. ix. 19, "Worst part of field is on slope,

especially near the top."

Wellington. Field 43. 16. viii. 18 "Damage chiefly at top of hill

wh re soil is redJ'^

Hermitage (19. xii. 17) "In several spots damage is at top of hill and

not lower down."

La Fortunee. Field 6, 16 & 17 BS. Damage much worse at top of

hill in 1918. Analysis showed much poorer soil, {see p. 110).

La Fortunee. Field 33 k 48 BS. Worse at top of hill than at

bottom, 11. ix. 17.
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Tarouha. Field 33. Fewer nymphs at bottom of hill where canes

are larger and soil darker. (1. vii. 18.)

Analysis showed a richer soil at the foot of the slope.

Damage Worse at Bottom of Slope.

La Fortunee. Field 45 B. V. "Best at top of field and along ridges

ivhere soil is better. (27. vi. 18.)"

Tarouha. Field 3 St. John. "Damaged at foot of hill and not on
the hill (1. xi. 19) Sail better on slope.''

Orange Grove. South end of field 21-23 worse than North end and
former is lower part of slight slope.

It appears from the above that changes in the soil are usually of

suflficient importance to outweigh any advantage or disadvantage that

the contours of the field may give in the way of drainage. The question

will be discussed further under the heading of soil and drainage.

THE SOIL.

In 1850 Messrs. Wall and Sawkins published a report on the geologj'

of Trinidad and described with considerable accuracy the main types of

soil of the cultivated parts of Trinidad.

In 1880 L. A. Seheult wrote a paper on " Our Arable Lands'" based
largely on the work of Wall and Sawkins, but treating the problem more
in its agricultural aspect. For the following notes on the types of

soil met with in the sugar districts I am indebted very largely to

the above works, but have made alterations and corrections from my
own experience in the fields and with the assistance of several

geologists now working in Trinidad.

Fig. 26 shows the sugar districts of Trinidad with the distribution of

the soils based on the map given hy Wall and Sawkins in 1860. It is

diagramatic and shows only the approximate outlines of the formations.

This is particularly so in the Naparimas where they are so confused
thiit changes occur from field to field.
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Fig. 23.

the
Fig. 26—Map of Sugar districts of Trinidail sliowiug approximate boundaries of

different soil tj'pes (After Wall and Sawkins).
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The chief types of soils are as follows :

—

(1) The soils of tlie Northern Bange Moivntaiiis. derived from the

decomposition of the old rocks below, which are chiefly micaceous shales

with occasional patches of crystalline limestone. These are mostly
hilly lands under forest or cacao and there are no sugar estates in this

area. They are marked on the map as ' micaceous shales.'

(2* The alluvial soils on tJie northern side of the Caronl Eiver

between it and the foothills of the Northern Eange, and in the valleys of

the Northern Range, derived from the detritus (washings) from the

Northern Range. They are lighter than most of the Trinidad soils, often

with a cheesy consistency, but are usually deficient in lime.

The estates in this formation are Golden Grove, Valsayn and St.

Augustine (Government Experimental Station) and parts of Caroni.

They are marked on the map as " stratified detritus."

(3) The argillaceous (claij) lands of the Caroni. These are heavy
alluvial lands on the Southern banks of the ('aroni River. They are

difficult to work, are low-lying and tend to be moist and swampy.

This formation includes the greater part of Caroni Estate. It is

marked on the map as " alluvial and swamp."

(4) The soils classified by Wall and Sawkins as the Caroni or

Carbonaceous series stretch from Woodford Lodge along the coast to

Esperanza and inland from this line across the island.

They are usually poor soils, except where good agriculture has given
them a high humus content, and, except near the coast, are rather

sandy. This formation is however very variable from an agricultural

point of view, and some of the lands in the valleys of the low hills

behind Couva give excellent crops.

The estates on this formation are Woodford Lodge, Waterloo,
Exchange and Camden, the Brechin Castle Group, Esperanza, and
pai-ts of Forres Park. Some parts of the latter estate are almost
pure sand.

(5) Tlic calcareous clays and sands of tlie Tamann series, are chieflj'

along the northern slope of the Central Range. These soils include

some of the best cacao lands, and part of the black soils on Forres Park
and the back lands of Esperanza may belong here. They are marked
on the map as " Central Range limestone."'

(6) Older Parian sands and shales along the Southern -^ide of tlie

Central Bange running running inland from Pointe-a-Pierre.

Portions of Plein Palais, Reform and Williamsville estates may
belong to this formation. The soils are lighter than the Naparima clays

that border them on the south, but they are not rich and are according
to Seheult deficient in lime.

(7) The Nariva Series, or Bed Soils of tlie Naparimas. These
rather heavy soils make up the bulk of the undulating lands of the
Southern Sugar district, where they are intermingled with the black lands

of the next group. Nearly every estate in the Naparimas has fields of

this t^-pe, easily distinguishable by their red colour. Harmony Hall,

Reform and Williamsville are almost entirely made up of this soil and on
others it is predominant. It is deficient in lime, difficult to work in wet
weather, and dries hard and cracks in the dry season. In dry years, it

produces very good crops.
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(8) The Naparima Marls or Black Soils of the Naparimas are

denved froiia a white infusorial marl. These soils include some of the

best sugar lands in the country and usually, but not always, contain a

good percentage of lime. They are easier to work tlian the red clay

soils and produce larger crops with less effort, particularly in wet years

when the red soils suffer from lack of drainage. They ara however,

rather heavy soils, and sometimes suffer from being too shallow, the white

subsoil being occasionally exposed even in shallow field drains. Sucli

thin soil fields should be submitted to a course of gradually deepening

mechanical cultivation through many years.

The greater bulk of the soils of Trinidad are noticeable for the

almost complete absence of small stones, which tends to increase the

difficulty of drainage and aeration. In the Naparimas, where soil

clianges occur rapidly it is unfortunate that in many cases the boundaries

of the fields do not follow the boundaries of the soils, so tliat fields often

contain two distinct types of soils which require different treatment, a

condition which adds greatly to the difficulty of adopting extensive

cultivation by animals or tractors.

Influence of Soil on Blight.

In the flat parts of the Northern and Central sugar districts the soil

is usually more or less uniform over large areas, and one finds also that

the blight is often uniformly spread over whole fields or even larger

areas if otherwise similar. In the Naparimas on the other hand the

soil is more irregular and the blight more patchy. It was noticed many
years ago that injury was always more severe on the red soils than on

the black. Sometimes a red soil field is badly damaged alongside a

black-soil field which is untouched. At other times part of a field is

damaged and this is found to be a different and poorer type of soil.

A few examples might be given here.

(1) A field on La Fortunee Estate was very severely damaged in 1918

by froghoppers, but it was noticed that a band of canes across the field

was much greener and less injured, a. year later when the field was
ploughed up, this was found to correspond to a belt of black soil across

the field, the rest of which was red soil.

(2) The "Government Pond" field at Hermitage Estate has for three

years in succession been damaged on one part only. The limits of the

damage (with the exception of the canes immediately below the pond
which are affected by seepage) correspond exactly to an outcrop of a

heavy clay.

(3) On another field (36 D.) at La Fortunee Estate in 1918, on a slight

ridge, the eastern slope was a black soil, and the canes on it were

healthy and contained scarcely any froghoppers. The western slope

was a red clay and here the canes were severely damaged and frog-

hoppers abundant.

(4) A very striking case is shown in the accompanying map of Cedar

Hill Estate (Fig. 27). On this estate the black soils are in a band

across the middle of the estate, while the northern and southern ends

are both red clays. Records kept of the fields damaged in 1900, 1912,

and 1919 show that they were all without exception on the red soils.
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Fig. 27—Maj) of Cedar Hill estate shewing the distribution of blight in 1900,

1912 and 1919 in relation to soil.

In 1917 a few spots of damage appeared in farmer's canes near this

estate on black soils, but this is the only case where the Manager had
seen damage on these soils.

Many other examples will be found above (p. 105) in connection with
the influence of the contour of the ground, where it is shown that the
type of the soil is of greater importance and overshadows any small
influence that may be due to situation.

In 1919 a number of damaged fields on Hermitage and Golconda
estates were observed to be roughly in a sti'aight line running East and
West. This is the direction of the geological strike in this district and
when the positions were shown to a local geologist he stated that the
damaged fields coi-responded very closely with the outcrop of a certain
type of clay as indicated by his geological maps.

Chemical Composition of Soils.

Carmody in 1909 (A) published an analj'sis of a soil at Cai-oni

strongly affected by blight and noted that the percentage of magnesia
exceeded that of lime. A. Urich in 1909 gives details of another analysis
of a soil from Caroni in which he also found a higher percentage of

magnesium than of lime, but came to the conclusion that there was
nothing in the composition of the soil to explain the prevalence of blight
"unless it be the extraordinary impermeability."

In 1918 I made an attempt to find the chemical differences between
the damaged and undamaged soils in the Naparimas. Messrs. Tennants
were good enough to allow their Chemist to analyse the soils of ten
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ii<'lds on Hermitage and La Fortunee Estates, three of which were qui ,e

free from blight and the remaining seven attacked to a greater or less
(l"gree. The results of this analysis so far as they appear to be of any
si;,'nificance ai-e shown diagramatically in Figs. 28 and 29. The fields aie
arranged from left to right, approximately in order of the severity of the
damage.

A was a black soil field on Hermitage Estate " one of the best
fields on the estate—gave 38J tons of cane per acre last year."

B was one of the best fields on La Fortunee Estate alongside the
Oropuche Lagoon.

C was the lower part of a field at La Fortunee Estate, which gave a
very good crop except for a patch at the top of a rise in the field {see E).
The soil was visibly darker and less heavy at the bottom of the field
wliere this sample was taken.

D was a field on La Fortunee Estate when the soil was a rather
heavy clay and the plants were poor in condition and slightly blighted
during 1918.

E was the top of the hill mentioned above {see C) where the soil was
heavier and the canes were distinctly blighted.

F was a field of medium heavy red clay on Hermitage Estate where
the canes were distinctly blighted late in 1917 as second ratoons.

G was a heavy soil field on Hermitage Estate where the canes were
badly damaged at the end of 1917.

H was taken from two badly damaged spots in the " Government
i'ond " field in Hermitage Estate referred to above (see p. ) as an
outcrop of heavy clay soil in an otherwise good field.

I was a field at La Fortunee Estate, in which the young plants
were severely damaged by froghoppers during the dry season of 1918.
In view of more recent experience this field should have been put
nearer to the "good" end of the scale. This is interesting when the
acidity of the soil is taken into consideration {see below).

K was a very heavy red clay soil field on Hermitage Estate, in which
the canes were completely destroyed by froghoppers m 1917. The sub-
soil is a heavy sticky yellow clay.

Fig. 28 shews the percentage of the three valuable constituents of

the soil, Calcium oxide, Carbon dioxide, and Nitrogen (indicating organic
matter) in these ten sanaples.

Figr 28.
Fig. 2i< Diaf,'i<nn of xahiahle clieiiiical constituents in snil i.f ten fields aii;:ng\'<l

from left to right in ai)i)i<)\i:nate order of liability to hiiglit.
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It will be seen that the three good fields have each a higher nitrogen

percentage than any of the damaged fields. Two of them have a higher

calcium oxide percentage and the same two have also a higher carbon
dioxide percentage than any of the damaged fields.

The result of testing the reaction of the soil to litmus is still more
striking and the best soil of all is the only one that is alkaline. Both
the other good soils are neutral and all the acid soils are badly damaged.
Since the diagram was prepared further experience with field I has shown
it to be less damaged than first indicated, and it would be best placed

between E, and F. This would leave the four acid fields as the four

worst iittaeked and still further emphasize the gradation of the lime

content.

In Fig. 29 is shown the percentage on the same
is an undesirable acid constituent and is increased
of sulphate of ammonia as manure. It will be
field of all has by far the highest SO3 content
the good soils have as high or higher than most of

the influence of the sulphuric acid is neutralised
lime, and we have previously found that the good
lime to do this, while most of the bad soils hfld not.

fields of SO3 which
by large applications

seen that the worst
but that after this,

the bad. However,
by the presence of

soils had sufficient

Fig. 29.
F]^. "J'.t— l)ia<4iain of Sn„ percentige in the soil of the same fields.

The other constituents of the soil, Iron, Aluminum, Magnesium
and Phosphates were estimated, but no significant differences could be
noticed. The high magnesia-lime ratio suggested by Carmody did not
exist in these soils.

The soil from six fields from the estates of the Usine Ste. Madeleine
were analysed by the Chemist of this Company, witli results on the
whole confirming those given above.

Mr. Carlee, General Manager of the Waterloo Group of Est ites,

which have suffered almost more severely than any others from l)light

infoimed nie that liis (htmist found that all their soils were acid.

Lisciitinidv. Jt will be seen that there is a distinct evidence that
the froglioi)i.fcr breeds with greater freedom and that the blight is worse
on heavy sour soils than on light, well aerated, well limed soils.

Sometimes a soil that is chemically suitable gets into a bad condition
owing to lack of cultivation. On one estate with a light soil the frog-
hopper attack in [1919 was confined to an area where the soil \\as
compact and very badly in need of cultivation.
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Soils in such a condition are not suitable for the growth of the soil

bacteria which cause decay, and until they are properly turned over and
cultivated, cane trash or even pen manure may be seen in compact
masses in the ground, not decaying to form the humus that is so essential

for the impi-ovement of the soil and the supply of organic plant food.

It is not only in Trinidad that the close relation between soil

conditions and froghopper blight has been noticed.

In his report on the Blight in Mexico Urich (Bull. Dept. Agr. XL
No. 71, p. 298) says "on the plantation where I was the froghoppers
occurred under exactly the same conditions as here [Trinidad] viz :—on
low-lying damp ground they weie numerous on cane and grass, becoming
less on porous and friable soils."

In the outbreak in British Guiana in 1918 both Bodkin and Moore
emphasised the importance of soil conditions. Bodkin (1918 B.)

mentioned the water logged condition of the soil aggravated by the
injurious effect of the use of nitrate of soda, and Moore (1919) says
"When the soil was stiff the insects tended to be more numerous." "At
Plantation Ogle .... the canes showed distinct evidence that they had
been contending against an excessively moist, cold, stiff clay, and it was
these soil conditions which primiril3' induced the froghopper attack."

TEMPERATURE.

The daily and annual variation of temperature in Trinidad is not
great, nor have we any evidence that ifi in any way affects the prevalence

of bligiit. Attention is drawn t ) it here chiefly in view of the recent

work of Johnston and Hartman (1919) on the root rot of tobacco, where
soil temperature had been found to be the niDst important factor in the

environment (see -p. 94). If temperature had any similar effect on the

root disease of sugar-cane in Trinidad, it would assume a much greater

importance. Further work in this direction is desirable.

DRAINAGE.

In view of what has been said above of the influence of rainfall and
soil conditions on the prevalence of l)light, it will be expected that

drainage is an important factor.

Drainage in Trinidad has to serve the double purpose of (1) rapidly

removing surface water in heavy downpours, (2) slowly removing the
percolating moisture so as to aerate the soil.

In one field in the Naparimas, where froghoppers had been persistent

for man}' years, the beds and the sides of the drains on part of it were
forked in September 1918 to allow the moisture to percolate better into

the drains. In the following year the froghoppers and consequent blight

were much less serious on the part that had been forked than on the

unforked part. This case is confused by the effect that the forking

would have on the aeration of the soil, but there is little doubt that both

contributed to the final beneficial result.

Until the last ten years or so all the cane plants in Trinidad were
set in I'ows across the beds so that drainage was rapid. With
the introduction of implemental tillage large areas are gradually being

relaid with long beds in which the rows of cane are parallel to the drains.

Drainage, unless helped by well planned tillage, is not so good on beds
so laid out, and it may be necessary on some lands to reduce the distance

between the drains.
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MANURING.

The manures iu general use in Trinidad for sugar-cane are as

follows :

—

Natural Manures. (1) Pen Manure.

(2) Sheep manure from Venezuela.

(3) Lagoon mud.

Chemical manures. (4) Sulphate of Ammonia.

(5) Niti'ate of soda.

(6) Lime.

(7) Nitrolim.

It is by the judicious use of manures that the planter can alter-

the condition of the soil so as to produce conditions which have been
shown to be unfavourable to the froghopper and to the spread of blight.

By far the most important is the ordinary pen-manure formed by
the droppings of the animals on bedding which usually consists of

cane trash.

The scarcity and increase in cost of manual labour is bringing about
a rapid increase in implemental tillage, and a consequent inci-ease in

the stock kept for haulage purposes. There is however still room
for much improvement and it should be the aim of ever^' estate to have
ever\- acre of the land heavily pen manured once in every replanting of

the sugar cane.

The amount usually put in is from 10 to 25 tons per acre. I have
seen on one estate 100 tons per acre put on a small field as an experiment
but there is little doubt that the manure used for this application would
have been better a^Dplied to a larger area.

Sheep manure has been used on one estate to a considerable
extent and it is worthy of note that this estate has suffered little from
blight. The manure is imported from Venezuela.

Lagoon mud is used with good results by some estates bordering on
the Oropuche Lagoon, and fields treated with 10 to 20 tons of this per
acre are considerably improved and do not appear to suffer so severely
from blight.

The use of artificial manures is a more difl&cult problem, nitrate

of soda is known to have a bad deflocculating effect on clay soils, and
the continual use of sulphate of ammonia in soils deficient in lime, as
are most of the Trinidad soils, becomes more and more injurious.

As a stimulant to the canes to counteract blight they are probably
best used well before the advent of blight on fields where it is expected
to occur, in order to get the canes into a vigorous resistant state. They
are apparently of little value if applied to an already blighted field and
still less so if the blight is accompanied by drought, in which case the
whole effect of the manure is lost.

Continual applications of artificial manures must be counteracted by
applications of lime. This is already done by many estates, but seldom
to the necessary extent. The anah'sis given above for damaged and
undamaged soils show the importance of soil acidity in connection with
blight, and heavy applications of lime are necessary to eliminate this.

The effect of such applications to lands subject to blight must not be
expected immediatelj- nor will they be for ever after free from injury,
but with proper agriculture there should be a gradual return to soil

conditions under which damage is less likely to occur.
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In 1912 a number of experiments were made vvitli nitioliui which is

an artificially prepared manure containing both lime and nitrogen.
The experiments were chiefly designed to test its destructive effect on
the froghopper and not its general manurial effect on the condition of

the soil. They will be referred to again later under Control
Methods (p. 142).

AGE OF CANE.

The age of the canes in a field can be considered fi-om the number of

years that the stool has been in the ground, or the number of months
that the shoots have been above ground.

In the first case we are concerned with the difference in resistance

to blight of "plant canes" in their first year, and first and second ratoons.

There is no doubt of the greater immunity of the first year canes.

In 1912, a year of severe blight, a number of estates gave the
returns of acreage damaged. From these returns the following

particulars are obtained.

For ten estates in 1912.

Area under plant canes 2,980 acres.

Plant canes damaged 1,093 „ =37 percent.

Area under first ratoons 8,405 acres.

First Ratoons damaged 1,789 ,, ^^ 52 per cent.

Area under older ratoons .3,144 acres.

Older Ratoons damaged 1,482 „ ^=47 per cent.

In 1917 a similar return was given by many estates, but the 1st and
2nd ratoons were not given separately.

For thirteen estates in 1917.

Area under plant canes 3,861 acres.

Plant canes damaged 1,712 ,, =44 per cent.

Area under ratoon canes 6,677 acres.

Ratoon canes damaged 4,311 ,, = 64 per cent.

It will be seen that in these two bad years the plant canes are about

50 per cent, less liable to damage than the ratoon canes.

It is however a distinct feature of the blight that it is less selective

when it is severe than when it is slight, so that in the years when the

outbreaks are only slight there is a very much greater relative freedom
from attack in plant canes. In 1919, when the area under plant canes

was probably greater than ever before, only a few small spots were

attacked, much less than one-tenth of the area damaged under ratoon

canes.

In the figures for 1912 it will be noticed that the older ratoons are

sHghtly less attacked than the first ratoons. The difference in the

numbers is small and from other experience I do not think significant,

as fields of second ratoons which are doing poorly are frequently

abandoned altogether and not included in the returns, while third

ratoons and older are only kept in cultivation on the better soils.



116 FROGHOPPER BLJOHT OF SUGAR-CANE.

Occasionally a field of canes is badly damaged as plants and yet gives

an excellent crop of ratoons. This merely indicates that conditions in

the field have in some way changed and does not in any way effect the

truth of the statement that, other things being equal, the younger canes
are less liable to damage than the older.

In the above the word "plant-canes" means the well grown canes
eight months or more from the date of planting, but occasionally the

3'oung, just sprouting canes are damaged late in the year. Several

examples of this could be given, and they seem usually to be

caused by planting the young cuttings in a field from which the old

stools have not been removed and the froghoppers are able to carry over
•without being destroyed as would occur under a proper system of rotation.

Reference has already been made to one unusual case in which adult

froghoppers were found throughout the whole dry season of 1918 in a

field of young plant canes.

Among the ratoon canes there is a difference in age of the shoots
above ground according to whether the field is cut early or late in crop
time. On a field cut at the beginning of crop in February the ratoon
shoots have three or four months longer to grow than in a field cut at

the end of crop. Growth is of course slow at this period of the year, but
considei-able gain in yield is made by the earlier cut fields. Accurate
data on the subject are much needed.

It might be expected that the ratoons that were earliest cut and that
had longest growth would be less damaged by froghoppers owing to their

larger size. However, the only two cases in which uncomplicated
evidence on this question is available seem to indicate the reverse.

At Harmony Hall Estate in 1919 there were two contiguous
fields of Uba cane, all second ratoons and all previously similarly
treated, with the soil very uniform throughout.

A corner of one field was accidentally burnt and cut on 1st April

(1). The rest of this field was cut in the middle of May (2). The field

alongside was cut in the middle of June (3).

The first brood of froghoppers appeared at the beginning of July,
was large and did distinct damage on 1, was medium and did slight

damage on 2 and was very small and did no visible damage on 3. The
largest growth was most damaged and the smallest growth least so.

The first plot may have been affected by the burning, but between
the other two there was no known difference in previous treatment
except the date of cutting.

Another case was seen at Orange Grove m 1919 when two fields of

second ratoons, mixed varieties, in similar soil were side by side. The
canes cut at the end of February and beginning of March were larger but
much more severely blighted than those in the field cut at the beginning
of May. Another field of the same canes alongside, but cut towards
the end of May was still smaller and almost free from damage, but in
this case the field was first ratoons, although otherwise similar.

These two are the only cases in which all other factors can be
eliminated and if significant it would appear that the covering up of the
ground by canes throughout the greater part of the dry season produces
conditions not favourable to the froghopper, or perhaps more favourable
iiO the survival of its egg parasites, (see p 103).
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ROTATION.

In the greater part of the sugar area of Trinidad either no rotation

at all is in practice, the fields being replanted with canes as soon as the
old ratoons are worn out, or a very primitive and inefficient rotation

is made by abandoning the land, for a longer or shorter series of years
between successive cane plantings, to whatever plants and bush are able

to take possession.

The break may be an^'thing from one to as many as ten years in

length according to the amount of land available, and the character of

the vegetation varies slightly according to the length of time that it

remains untouched. There is usually a thick growth of grasses, mixed
in the first year or two witli shoots from the old cane stools, and a

higher bush growth of Black Sage {Cordia cylindrostachya) , Christmas
Bush (Enjyatorium odoratum), guava, etc.

Neither of these systems has anything to recommend it from jibe

point of view of the control of blight. When the field is replanted
immediately^ it is almost invariably done by putting the fresh cuttings in

between the old plants which remain there with their froghoppers,

moth-borers and root-fungi as a source of infection within a few inches

of every young stool. Later they may be dug up and turned over but
this, as often as not, only serves to bring the root-fungus infection still

closer to the young plant.

If the land is abandoned for a series of years conditions are not
much better. The old stools are not dug out and on them root-fungi

persist for more than a year, while the grasses which grow up between
them serve as an excellent breeding ground for the froghopper and a

source of infection not only to that field when it is replanted but also

to neighbouring fields which may have been more carefully cultivated.

In addition the undisturbed and undrained condition of the soil has
an accumulative injurious effect on the soil which we have found to be

so important in connection with the survival of the froghopper.

Many examples could be given of severe blight in fields which had
been abandoned for years. Thus at Union Hall Estate in 1919 a field

was severely damaged that had been abandoned as part of a burial

ground for twenty years previousl3'. At Hermitage in 1917 a field was
damaged that had been ten years abandoned, and two fields damaged at

Caroni in 1906 are mentioned as having been out of cultivation for ten

years. It will also be remembered that one of the fields damaged at

Grenada (p. 44) had been out of cultivation for eight years.

Other cases are known of the spread of blight from abandoned fields

into healthy ones. Thus in one of the earliest attacks of blight on
Cedar Hill Estate in 1900 the Manager noted that all the damaged
fields were alongside an area of abandoned land, and at Petit Morne
in 1919 a field of plant caiies was attacked along one edge borJering on
an abandoned farmer's plot, under conditions that left no doubt that the

blight had spread from this spot.

Under estate cultivation, a manager has only himself to blame
when conditions like these arise, but, under the present adopted policy

of encouraging a multiplicity of small owners, cases of spread of disease

from one land to another will cause much more dispute and trouble.

With a proper break in the cultivation, with all fields not under cane

completely cleared and planted in some other crops for at least six

months and preferably for eighteen months, it is impossible for an
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attack to result from insects passing on in the same field, and the
reduction of waste Jand will reduce the number of centres of indirect

infection.

Further discussion and some suggested types of rotation will be
found on p. 134 in the Section dealing with the Control of the Blight.

TILLAGE.
It follows from the relation already discussed between the condition

of the soil and the prevalence of blight that any process that will bring

the soil to a more open, lighter, and looser state will have an effect in

removing the blight.

In the past most of the preparation of the land and tillage has been
done by hand labour with forks. These are being now gradually
replaced by ploughs and cultivators drawn by cattle and mules, and
there is little doubt that the near future will see a considerable increase

in the use of tractors.

The beneficial effect of cultivation has been seen in many cases.

Thus two fields of young plants side bv side on Tarouba Estate in 1918
were both the same age, but differed onl}' in that the IManager had been
able to give one of them a more complete cultivation than the other..

In the less cultivated field, not only was the soil in a visibly poorer tiltli

and the young canes much weaker, but froghoppers were at least ten

times more abundant.

A still more striking case was at Harmony- Hall where in September
1918 half of the field badly damaged by froghoppers was forked

throughout between the rows and down the edges of the drains No
particular effect was noted that year, but the following July the first

brood of froghoppers was at least twice as abundant on the unforked
part of the field as on the forked part, and the leaf damage was
much more obvious. There was in fact a distinct line across the field

separating the badly damaged area from the slightly damaged area, and
this line corresponded to the division of the forked area from the unforked.

A curious and unexpected fact, which is as yet unexplained, is that

the canes on the unforked half although more damaged were, until the

advent of the blight, distinctly larger than those on the forked half.

It will of course be realised in view of the manj' other factors

influencing the abundance of the froghopper, that sometimes a field will

be blighted in spite of the best tillage, but this is no proof that the

cultivation has been injurious.

In a few cases however, the sudden apppearance of blight has been
put down by Managers as being directly due to iniplemental tillage, and
in particular following on the use of the sub-soil plough. It is possible

that in some boils with a sour undisturbed sub-soil the use of deep
implements might have a temporary injurious effect, but in most cases

it is probable that the canes would have been blighted in any case,

particularly when it is recollected that the leaf injury to the cane
continues to increase for about thi'ee weeks or more after the height of

the brood of froghoppers and the ploughs are often sent through when
the field begins to look poor.

It is not the purpose of the present report to discuss the relati\o

advantage of animals versus tractors in agriculture, but it might be
mentioned that, from the point of view of froghopper control, more pen
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juanure is required to impi'ove the soil conditions of the poor soils and
clays, and the larojer the extent to wliich animals are nsed tlie more of

tliis will be available.

There is scarcely any operation that cannot be performed by
.uiimals. Light ploughs pulled by mules can pass between the cano
vows and I have seen on the lands of the Usino See. .\radeleine a plough
with twenty-two oxen tearing up the old cane stools in heavy land.

Except where speed is required or very large areas have to be covered,

tliese methods could nearly always be adopted.

DEPTH OF PLANTING.
On several occasions it has been sugge?ted to me that the depth at

which the original cuttings are planted might influence the amount of

blight by producing a shallower or deeper root system moi^e or less

exposed to the sucking of the nymph.

Moore in British Guiana (1919 p. 13) says "plant as deeply as possible,

-as with old ratoons when the stools get high out of the ground the i*oot

system is specially liable to attack—and so with shallow planting."

I have at present no evidence that the depth of planting affects

either the depth of the root system or the amount of blight and as in

Trinidad the depth of planting is governed almost entirely by the time
of the year and the heaviness or depth of the soil it would be difficult

to alter it except within very small limits even if it were proved to have
an effect.

DISTANCE OF PLANTING.
There is at present no evidence that the distance that the canes are

]ilanted in any way effects the blight. The Trinidad planter, faced

with a shortage of labour, has to choose between the reduction of

weeding by close planting and the facilities for rapid inter-row cultiva

tion in wide planting.

VARIETY OF CANE.
In 1919 (D.) I made a report on the relative resistance to blight

of the various varieties of cane grown in Trinidad, and came to the

-conclusion that no variety was immune, but that a few were more resistant

than others.

During the past year no observations have been made which in any

way affect that statement. Some of the varieties that had not up to then

been attacked owing to their recent introduction and small distribution

have this year shown that thej' also are not immune.

Thus the recently introduced B.A. 6032, a very valuable variety, has

this year been severely damaged by blight on one estate.

A few observations of relative condition of different varieties in the

same field might be added to those already given {loc. cit. p. 82),

Hills Seedling (No. 1.) was less damaged than B. 1753 at Union Hall.

Uba was less damaged than Hill No. 12 at Golconda.

Hills Seedling (No. 1) was less damaged than B. 156 at Hermitage.

D. 109 was less damaged than D. 347 at Tarouba.

D. 109 was less damaged than D. 347 at Harmony Hall.

The two most resistant varieties at present known are Uba and

Badilla, both of which are said to be deep-rooted, but it is not known
whether this is the cause of the resistance or not.

In 1918 a number of stools at St. Augustine were cut through

vertically to get an indication of the depth of the root system and the

Badilla was not noticeably deeper than the other varieties.
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I was informed by one planter that the recent outbreaks of blight

were due to the replacing of tlie old deep-rooting Bourbon cane by
shallower rooted seedlings. Kut Mr. J. R. Bovell assured me that the
old Bourbon cane was shallow rooted and my own observations on stools

cut across confirm the latter opinion.

The depth of rooting is so much influenced by the condition and
depth of the soil that it is doubtful whether in most cases the inherent

character of the variety has much opportunity to show itself.

It is possible that relative resistance is due to a difference in the

rate of the spread of injury from the point of puncture of the leaves by
the adult. Observations on this point will be made during the

coming year.

NUMBERS OF FROGHOPPERS PRESENT.

We have discussed above the relation that the various factors of the

environment bear to the number of froghoppers present or to the total

amount of " blight " or damage.

Owing to the varying condition of the resistance of the cane it will

be found that the same nunrber of froghoppers do not always cause the
same amount of damage. Thus fields are found severely damaged by
an infestation of froghoppers that would in other fields have caused a
much less serious injury.

The total number of froghoppers in an infested field may reach as

high as one hundred per stool, which is almost three hundred thousand
per acre. Rorer (1912) records 500-1,000 eggs per stool "by actual

counts," but I have never found adults or nymphs in this quantity.

In 1906 according to Mr. -J. Arbuckle the adults were so numerous
that they became entangled in the horses' manes when the overseers
were riding i-ound the estate, and at Caroni in 1917 they got into the
mouths and eyes of the boys attempting to distribute sulphate of
ammonia through the fields.

The largest number I have ever caught by light traps was 20,000 in

five lamps in one night at Harmony Hall Estate on 9th July, 1918. As
a general rule 20 froghoppers per stool on well grown canes means
visible signs of blight and with 50 to one hundred the blight will

be severe.

Unless the field has been closely watched for souje time the number
of froghoppers seen is very misleading as the attention of the agriculturist

is only drawn to the fields when the damage begins to be serious and
in many cases this may be a week or two after the height of the brood.

ROOT FUNGI.
The effect of root fungus on the cane is outlined in Section VII and

in Section IX will be discussed the possible pai't that it plan's in the
final condition of the cane. It is here introduced as one of the almost
constant features of the blighted fields.

Very occasionally fields, usually of plant canes, are found blighted

without obvious signs of one of the root fungi, but more usually they
are common on almost every stool and in some cases, particularly in

certain years, (e.g. 1918) they are so widespread as to be almost
sufficient to account for the production of blight withoiit any other cause.

OTHER INSECTS.
Carmody in 1909 (p. Ill) says that in 1908 at Oaroni the large moth

borer (Castnia licus) was very common, and he believed it to be partly
responsible for the outbreak of blight.
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In 1918 and 1910 this insect was again common, particularly in

blighted fields, but whether this was accidental or not is impossible to say.

The caterpillars of the small moth borer {Diatrcea sy;^j.) are also
common in the cane fields in Trinidad and do more injury than is

usually attributed to them. They arc frequently found in blighted fields

but the probable position with regard to both these borers is that they
weaken the cane and make it less able to withstand the blight, but do
not in any way render the cane actually more attractive to the frog-

hopper.

PREVIOUS DAMAGE AND SOURCE OF PLANTS.
There are certain districts and fields in the island that have shown

themselves to be more liable than others to blight, but at the same time
a field badly damaged one year may be quite free in the following year.
This is no doubt due to the fact that some of the environmental factors
are more or less constant (soil, drainage, contour) while others change
from year to year (rainfall, age of cane, agricultural processes).

One field at &olconda Estate was severely damaged as plant canes
in 1917, almost free from damage as first ratoons in 1918 and again
badly damaged as second ratoons in 1919.

At Esperanza six out of eight fields badly damaged in 1913 had been
previously damaged in 1912. Five new fields were slightly damaged in

191.3 and they were all near fields affected in 1912 (Urich Bull. Dejit.

Agric. XII p. 203.)

On the Government Pond field at Hermitage blight has occurred for

three successive years in the same part of the field.

At Caroni the fields affected in 1918 were in the same area as those
damaged in 1917.

At Breehin Castle a field was badly damaged in 1903 and has never
since had any injury Avhatever.

Many other examples could be given, but the conclusion is that on
the whole damage is more likely to occur in fields that have been
recently damaged than in others (allowing for the beneficial effect of

replanting fields that have been in old ratoons).

In the same way plants taken from a damaged field are more likely

to carr^' with them eggs of the froghopper and traces of root fungi than
those from healthy fields, and as far as possible only the latter should
be used.
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sECTioN^ ix:.

THEORIES OF DAMAGE AND GENERAL PROBLEMS.

In previous Sections we have given an account of the froghopper

and its habits ; its natural enemies ; the root fungus ; the effect of frog-

hopper and root fungus injury on the cane ; and the way in which this

is influenced by the environment of the cane field. In the present

section an atteuipt will be made to discuss some of the general problems

arising out of these facts.

THE CAUSE OF THE BLIGHT.

The most important of these problems is the determination of the

relative importance of the different factors concerned in the production

of blight and the way in which they are related to each other.

For many years there has been discussion on the parts played by
root disease and froghopper, and this question has been examined and
summarised in several recent reports by Mr. Nowell and myself {see

WilHams 1919, Nowell 1919 and 1920, and Nowell and Williams 1920).

We are concerned with the adult and nymph froghoppers, root fungi,

some other insects and diseases, and a variety of external conditions.

These factors may be inter-related in many ways to produce the

final visible effect.

The damage may arise :

—

(1) Through the sucking of the froghopper, adult or nymph.

(2) Through the destruction of the roots by root fungi.

(3) The previous attacks of froghopper may weaken the canes and
produce outbreaks of root disease.

(4) An outbreak of root disease may render the canes more
attractive to froghoppers.

(5) The environmental conditions may act directly on the frog-

hopper or indirectly on it through its natural enemies.

(6) They may act directly on root fungus.

(7) They may act directly on the cane rendering it less able to

resist injury.

The Part Played by the Froghopper.

There is now no doubt that the sucking of the froghopper is by far

the most important immediate cause of blight. The chief evidence for

this is as follows :

—

(a) The constant presence of the froghopper in blighted fields in

numbers which, in the early stages of damage at least, bear
an approximate relation to the amount of damage.

(6) The constant presence in blighted canes of discoloured streaks

on the leaves, which have been shown experimentally to be
produced by the sucking of the adult froghopper.

(c) The occasional occurrence of severe blight in fields, usually of

plant canes, in which root fungi and other pests and diseases
are almost absent and the abundant froghopper is the only
apparent cause.

(d) The first occurrence of blight in the wet season is about the
time of the first brood of fi'oghoppers and is early in those
years in which the froghopper broods are early and late when
they are late.
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(e) The periodicity of the blight, which recurs, at least up to

September or October, at intervals exactly corresponding with

the time between the successive froghopper broods.

(/) The occurrence of similar blight in sugar-cane and other

grasses in other countries in association with various species

of froghoppers.

Adult or Nymph.

The froghopper damages the canes at two stages of its hfe in two
different ways, the nymph sucks only at the roots, the adult only

at the leaves. The nymph lives for about six weeks but is at first

very small. The adults live two to five weeks and suck large quantities

of sap every night. It is important to decide if one of these is more
injurious tha,n the other.

The evidence that the nymph is the cause of damage is at present

\'ery indefinite, but experiments are being planned by which it may be

possible to test the question more accurately.

Heribt (1908) produced artificially blighted Para-grass in three weeks
by placing nymph froghoppers on it, but it appears that the adults were
also kept on the plants when they hatched out, so that the experiment

is inconclusive.

On the other hand in July 1919 I put a large number of nymphs on
the roots of a heilthy stool of cane and failed td produce any symptoms
of blight.

Gough (1911 C. p. 10) says "Nymphs are more numerous during

blight, adults during recovery", but with this, after longer experience

than he was able to get, I cannot agree. The severe blight visible on a

field during the nymph stage is that caused by the previous brood of

adults.

The evidence incriminating the adult is much more conclusive.

(a) The visible browning and streaking of the leaves, which causes

the canes to look "as if scorched by fire" is the direct result of the

puncture of the adult on the leaves.

(b) The staining of the growing point and death of the top of the cane

is more likely to result from injury to the leaves than to the roots.

(c) The damage never becomes serious until some time after the

adults have appeared. The field is often "held back", which may be

due to the nymphs, but the results are never disastrous until the leaf

injury has developed.

{d) The appearance of fresh green healthy shoots and leaves, on

plants not too severely damaged, immediately the blight has passed

and the conditions become favourable is an indication that the root

system is not permanently injured.

(e) The sprouting of the upper eyes in blighted canes is an indication

of vigour which is being impaired by want of leaves.

(/) The occasional appearance of blight on the edge of a healthy lield

which has been infested with adult froghoppers from fields or abandoned
land alongside indicates that the preaence of nymphs is not essen tial

for the production of blight.

(g) In Surinam severe injury has been caused by a froghopper which
does not touch the roots of the cane in the nymph stage (see p. 46}.

(//) In July 1919 I produced typical signs of blight in a healthy cane

stool, which had never had nymph froghoppers on it, by caging over it

a number of adults. On the other hand Urich (1913 C. p. 10) says that

he put 100 adults a day on a cane plant and failed to produce signs

of blight.
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It had been noticed that both drought and root fungus, which affect

the plant through the root?, produce a shortening nf the internodes of the

cane without any particular narrowing, in fact such short uiternodes (e.y.

those produced during the dry season) are frequently almost as thici<

than the longer internodes of the same cane. In ' blight" on the other

hand one of the most typical symptoms is the narrowing of the

diseased canes, particularly when growth has just been resumed aftei-

an attack.

On 30th October, 1919, as the outcome of a discussion with Mr. Nowell

as to the causes of certain symptoms, we removed the greater part of th(-

leaf blades from three otherwise quite healthy cane stools free from
froghoppers. One stool was left to grow. The otheis were trimmed
again seven and ten days later.

The experiment was to test if the narrowing of the canes was due lo

leaf injury, as opposed to the shortening produced lij- root failure.

Plate XI shows typical canes from the stools at the end of January
1920. A. shows three canes from an untoufhed control plant. B.

shows three canes from the stool from which the leaves were removed
twice at an interval of seven days, and C. shows three from the stool

kept trimmed for ten days. The stool with the leaves removed once

was unfortunately later infested with borer and the results were
unreliable.

The narrowing of the canes is conspicuous and conclusive. In

addition several other points of great interest were brought to light.

(1) The average weight of the main shoots on the control plant was
3 lbs. 10 ozs. The average weights of the main shoots of the two trimmed
plants were 2 lbs. 2 ozs. and 1 lb. 15 ozs. respectively. The complete
removal of the leaves from the cane had resulted in a reduction three

months later of about 50 pev cent, of its possible weight.

(2) The untrimmed plants had several young and healthy shoots of

various ages. In the trimmed plants the youngest shoots were killed

and the medium sized ones were very severely injured, as is found in

froghopper blight.

(3) The root systems of the trimmed plants, although not directly

injured became poorer and much smaller than those of the untrimmed
plants. The stools were looser in the ground and more easily pulled

out, exactly as is seen in typical blight. We thus have experimental
evidence that injury to the leaves can affect the root system in the
manner found in froghopper blight.

(4) Several of the smaller shoots of the trimmed plants showed a

tendency to break across just above the upper nodes as is found in

typical cases of blight.

In view of these experiments, which will be repeated more fully

this coming year, I think that the evidence is strongly in favour of the

view that the chief direct damage to the sugar cane is caused by the

destruction of leaf tissue following the sucking of the adult.

Possible Infection or Toxin.

We have seen that tiie destruction of leaf tissue bj' the puncturing

of the leaves by the adult froghopper continues to increase for several

weeks after the original injury is inflicted. This is unusual and is

worthy of more complete investigation. There is no doubt that this

one fact makes the froghopper at least ten times more destructive than
it would otherwise be.

It is a very strong indication that some form of poison or toxin is

introduced into the plant at the time of puncture. Kershaw (1913 H.>

describes the salivary glands of the froghopper and explains how the



PLATE XI.

Canes damaged by artiticial removal of leaves (/* and c) witli

undamaged canes (a) tor compai-isoii
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saliva is pumped into the wound. He sa3's that it is full of enzymes,
which aid digestion, and also prevent the' coagulation of the sap. (More
probably the original effect is to facilitate the extraction of the sap by
action on the protoplasm which lines the cell walls). He also mentions
(1914 p. 70) that the glands differ somewhat in the nymph and adult.

If such a structural difference were reflected in the composition of the
saliva, it might account for the greater destructiveness of the adult.

There is also to bfi considered tlie possibility that some infection is

introduced into the wound. This is known to be the case with some
insects (e.g. the leaf-hopper which transmits "curly leaf" of sugar-

beet, and various insects suspected of transmitting " mosaic disease " of

sugar cane), and in the present case local infection may be set up in the
neighbourhood of the puncture by a similar process. Further investi-

gation along these lines is needed though there is at present no evidence
supporting such a view.

The Part Played by the Root Disease.

The evidence that root-fungi play a material part in the production
of blight is as follows ;

—

(a) The almost invariable presence of root-fungi in blighted fields,

usually in greater quantities in severely blighted fields.

(6) The close dependence of the blight on weather conditions,

particularly drought, which is known in many other countries

to be correlated with severe root disease attacks.

(c) Although the blight is periodic up to September or October,
after this month in bad years the fields frequently continue to

get worse, or at least fail to improve even after the froghoppers
have disappeared. There must be some other cause holding

them back, and of these the most apparent is the diseased

condition of the roots and the visible presence of root-fungi in

large quantities.

{A) In some fields the damage appears to be greater than the

number of froghoppers present would be likely to cause, but
great care has to be used in estiniating this, as the planter

does not usually draw attention to a field until the damage is

severe and this may be when the number of froghoppers has
already greatly diminished.

(e) When there is noroot disease present, recoTery is very much
more rapid than when it is widespread.

Relation between Root Disease and Froghopper.

From the evidence given above it will be seen that typical blight can
exist without root disease, but not without froghopper, and further that

the chief evidence of the destruction by root-fungi is in connectibn with

the later broods.

From these and many other observations in the field one is led to

the conclusion that the attacks of the froghopper are the prime cause of
the blight, bvt that they produce in the cane a weakened condition that

results in the rapid, spread of root-fungi, which in turn become des-

tructive, and in some years and localities may finally cause greater

injury than that originally caused by the froghopper.
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Greater Attractiveness of Diseased Canes.

Scattered throughout the writings on the bhght one finds continua
references to the j^ossibilit}- that the canes diseased or damaged by
other causes are more attractive to the fx'oghoppers than are healthy

canes ; and that when froghoppers are found in numbers in a blighted

field, it is possible that the infestation is the result and not the cause of

the trouble.

Carmody (1909 p. Ill) commenting on an outbreak at Caroni in

1908 says " the virulence and concentration within a limited area of

the froghopper attack at Caroni were as surprising as the unexpected
abundance of the larvae of Castnia and strongly indicate the real cause
of the attack."

In blighted canes the juice has been found to be acid. It is well

known that man.y insects are onlj- attracted to plants when some such
fermentation of the sap has taken place and Carmody (1. c.) suggests

that this occurs with the froghopper.

Both CoUens and Hart suggest that froghoppers are more attracted

to canes already suffering horn root disease.

I have often observed in the field the froghoppers more abundant on
fields or parts of fields where the canes are in poor condition or more
diseased, but a careful examination of each case has so far failed to

prove that the condition of the cane attracted the froghopper. In every

case it has been found more reasonable to explain the result by the

ascertained fact that the conditions of environment which produce
stunted and diseased canes are the same which allow the froghopper

to multiply to the greatest extent. This question is discussed below.

DIRECT AND INDIRECT EFFECT OF ENVIRONMENT.

A careful study of Section VIII brings to light a fact of great

significance.

The evidence on the influence of coi^ditions on the blight indicates

that nearly all these act directly or indirectly through the amoxmt of
moist'ure present round the leaves and roots of the cane.

With the rainfall this is directly* apparent, as also with the influence

of drainage. With the soil it is found that acid soils are more
frequently attacked, but this acidity is probably more an indication of

the physical condition that has brought it about : all the acid soils

were heavier and more impervious than the alkaline or neutral

undamaged soils.

Agafn it is found that the date of cutting of the crop has an effect

on the numbers of the froghopj^er. After cutting the crop from a field,

however, that field is more exposed and hence dryer than while the

crop stands. It is also possible that the deposition of dew on standing
canes is much heavier than on fields in which the canes have been cut.

The influence of the seepage of water from the pond in the field at

Hermitage already referred to must also be recollected.
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The known facts on the effect of moisture on blight can be
summarised as follows :

—

(a) Extreme dryness such as that experienced in unusually dry
dry-seasons, or in fields from which the standing canes have
been removed early, or where the soil is in poor physical
condition so that percolation from beneath does not take
place freely, is followed by an increased amount of blight.

(b) Medium dryness, such as that in dry-seasons which are not
severe, and particularly in fields where the canes are standing,

or the soil is in good physical condition, or where unusual
percolation takes place {e.g. Hermitage pond) reduces amount
of blight.

{e) Slight dryness during wet season, as at the Indian Summer,
increases the amo'unt of blight.

(d) Normal regular moisture of wet season, reduces the amount
of blight.

(e) Extreme moisture in wet season especially on heavy soils,

increases the amount of blight.

These facts appear at first to be extremely contradictory, but an
-examination of Table VII showing the known effect of different grades

of moisture on the froghopper itself and on its parasites, on root disease

and on cane, will provide, I think, a reasonable explanation of these

observed results.
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It will be seen that with extreme drought the froghopper is dormant,
but so also are all its enemies. With a slightly increased supply of

moisture, the vermilion parasites will start to breed and so reduce
the number of eggs passing over the dry season. With dry weather in

the wet season, the froghopper increases rapidly while only the
vermilion parasite acts as a check.

With moister weather the Green Muscardine and Syrphid Fly assist

the Vermilion parasites and the blight decreases, while greater moisture
again {e.g. heavy floods) has an injurious effect on the cane, on the
Vermilion Parasites, and probably also on the Green Muscardine
without affecting the froghopper which once more forges ahead.

The results following from this suggested explanation are identical

with those found hy experience to occur. It is also possible, however,
that infestation is in some way directly related to the condition of the

cane as shown in the first column.

PERIODICITY AND RELATIVE SIZE OF BROODS.

Reference has been made to the way in which in some years the
third brood of frcghoppers is almost non-existent even after a serious

second brood. The same uncertainty exists with the other broods also.

Fig. 30 shows some of the typical variations in relative size of the three
conspicuous broods that have been observed.

Fig. 30.

Fig. 30—General types of succession of tlie three chief froghopper broods in

different localities or in different years.

A and B are two variations which occur in good years in both of

which the first brood is small, the second a little larger and the third

again smaller. Tlie year 1916 is a typical example of the first tj'pc and
the previous yeai' 1915 and the results observed at Caroni in 1919

(see Fig. 6) are examples of the second.

C and D are typical sviccessious in bad years. The j-ear 1911 and
Caroni in 1908 are examples of the first, and certain fields (of B 847) at

Harmony Hall in 1919 of the second. The years 1912 and 1917 are

like D, except that tlie first brood was apparently larger than the third.
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E and F are unusual types in which the first brood is larger than
any of the others. E has occurred for two successive years (1918 and
1919) under my observation in the same area of Uba cane at Harmony
Hall Estate. F is illustrated by the captures at La Fortunee Estate in

1918 (see Fig. 5).

The periodicity of the bad outbreaks, which appear to recur at

intervals of four or five year's {see )j. 42) is also at present without
explanation. Four or five years is approximately the agricultural cycle
for cane-gi'owing (planting to planting) and bad lands damaged in old

ratoons will be in the same unresistant condition after an interval of

four or five years. Although this will undoubtedly have its influence, it

does not explain all the facts, as for example the widespread nature ot

the blight in bad years, when its selective capacity is much lees

ajiparent, and good fields and bad fields, plants and ratoons are affected.

Fig.

Fig. 31—Diagram to explain liability of various fields to blight in different
j'ears. For explanation see text.

Fig. 31 presents a diagrammatic scheme of the way in which this

selection varies in different years. The total height of verti(;al columnt
represents the liability to damage of the various types of fields at
various periods of growth. The horizontal lines show the severity of

blight in that year, any column above this line indicating that the typ«
in question is damaged^

We see that in very good years only very bad fields are attacked as
old ratoons, in bad years all fields below the average are attacked even
in some cases as plants and only the best fields escape, while in very bad
years even good fields may be blighted. This scheme refers only to
attacks developing in the field and not to damage caused by afroghopper
invasion from neighbouring lands, which may obviously occur in the best
fields in the best years.

CAUSE OF RECENT PREVALENCE OF BLIGHT.
It will be seen from the history of the blight in Trinidad given in

Section III that it has apparently been more severe and of more frequent
occurrence in the last fifteen years than formerly, although serious
attacks did previously occur at longer intervals.
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In considerine; possible causes it must be remembered that Trinidad
is not alone in this condition. Demerara has just suffered a very severe

attack from a fro£;hopper previously unrecorded as a serious pest, and
other countries (Cuba, Colombia, etc.) will be found mentioned in Section

IV as having suffered more severely of recent years.

It is thus probable that some general influences are at work in

addition to special causes that apply to Trinidad.

Two suggested causes are referred to on p. 18. These are the

introduction of the mongoose and the introduction of seedling canes.

(a) The mongoose has been fully discussed in Section VI p. 87 and
the conclusion arrived at was that, although undesirable, it could not be

considered as one of the important causes of the recent spread.

(b) The question of the resistance of varieties is dealt with on p. 119

of the present report and more fully in a previous report ^Williams 1919

D.) devoted to this subject. There is no evidence to show that the old

Bourbon cane is more resistant to froghopper than many of the seedlings

now in cultivation. Some of the latter are indeed distinctly more
resistant than the Bourbon.

Other factors that have to be taken into consideration are as follows

:

ic) The injurious effect of continual use of artificial manures
(sulphate of ammrniia and nitrate of soda) on soils which are deficient

in lime, as are most Trinidad soils.

It is probable that the acid condition of so many of the soils in the

old sugar districts of the island has been aggravated by this practice,

and the resulting poor condition has been favourable to the multiplication

of the froghoppers.

[d) The working out of the land by continual cane cultivation,

frequent burning of trash and insufficient use of pen manure has had an

injurious effect on the physical condition of the soil with similar results.

(e) The spread of cultivation has had an injurious effect on the lizards,

birds and other animals which tend to keep down pests, and at the same
time the larger areas under one crop make the continuance of pests which

feed on that crop simpler and more certain.

if) The rise of the study of economic entomology, and the greater

interest taken by planters in diseases has resulted in more accurate

recording and more careful search for their causes, since they are no

longer looked upon merely as "acts of God."

The general increase of insect pests in many tropical countries of

recent years is part of the wider influence of the spread of civilisation,

population, communication and cultivation in places that have not

worked out for themselves reliable rotational methods of agriculture to

combat the disadvantages inherent in man's artificial method of planting

the same crop on large areas of land at frequent intervals.



132 FROGHOPPER BLIGHT OF SUGAR-CAXE.

SECTiON^ x:.

METHODS OF CONTROL.

The control of nearly every disease or pest can be considered from

two different points of view. First with the idea of preventing th&-

occurreDce of the outbreaks, and secondly with the idea of I'educing the

numbers of the pest when it has appeared, or lessening the damage that

it can do.

Of recent years the method of prevention has been gradually assum-
ing more importance, even in temperate climates where intensive

cultivation is practised and numerous facilities for control are easily

available. Under the present extensive system of tropical agriculture

it becomes still more necessary to adopt methods of prevention, even if

these may take many years to produce results, rather than to wait for

the disastrous outbreaks which may occur over such wide areas and
with such intensity as to render their cure almost impossible.

Even in those cases where methods are known to deal with the-

insect when it becomes abundant, it has to be remembered ihat until the

frequency of the attacks can be reduced by preventative measures, the

cost of the destruction will continue to be a charge on the estate year

after year, whenever conditions are favourable for the multiplication of

the pest.

The sugar-cane is a particularly difficult plant to deal with, under
conditions at present existing in Trinidad, with respect to direct

destruction of the froghoppers, and it is probable that control will be

finally obtained by agricultural methods, which will bring about condi-

tions in the fields unfavourable to their rapid increase.

An outline of such methods is given below, followed by a brief

account of the various attempts at cure which have been tried at'

various times.

INDIRECT METHODS. PREVENTION.

In Section VIII the various factors of the environment have been
taken one by one and their influence on the prevalence of blight

discussed. In Section IX the important conclusion is reached that

nearly all these factors seem to have their effect by altering the moisture
of the soil and the humidity of the air just above it.

To what extent can this I'elation be taken advantage of in devising,

methods of prevention ?

It is immediately obvious that any agricultural process which will

get the soil into a condition so that it is less subject to extremes of

moisture, will lessen the liability of the canes on that soil to froghopper
attack.

Extremes of dryness and water-logging are encouraged by an
agriculturally bad physical condition of the soil, and many processes are

known to the experienced planter whereby this evil state can be remedied.

Soil Improvement.

Drainage. From what has been said on p. 113 it will be apparent
that good drainage is an essential condition of freedon. from blight.

The drainage system of many of the estates in Trinidad is at present
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in a state of transition, as large areas are being relaid out so as to obtain
the longest possible furrow to allow implemental tillage with animals or
tractors. This has in some cases upset the old drainage of the field

and has produced bad results, which should however wear off in the
course of a year or two if the new system of drains has been well
designed.

On the heavier flat lands the drains should be as close together as is

economically possible, as it is often possible to see a distinct difference
ingrowth between plants in the centre row of the beds and those in

the outside row.

On most estates at the time of replanting the field, it is not the
custom to redrain until some time after the cuttings have been planted.
On a few estates, however, I have noticed the fields in preparation for

planting redrained at the first opportunity, so that the soil is well
drained at the beginning of the crop. This method should be adopted
wherever possible.

Considerable reduction in damage has been noticed where the edges-
*

of the drains have been occasionally loosened to allow of the free perco-
lation of the soil water into them. This should be done if there is any
reason to suppose that the sides of the drains have become impervious.

Manuring. On p. 114 the effects of manures are discussed and it i«

a reasonable deduction that soils liable to damage should be given the
largest possible applications of pen manure to improve their physical
condition, and that artificial manures should, on the contrar^^ be used
with caution and their effect counteracted at intervals with heavy
apphcatioiis of lime.

Almost every field in Trinidad which is subject to frequent recur-

rence of blight, would be improved by applications of manurial lime or

ground limestone.

Larger quantities of stock are needed on many estates in order to supply
the necessary pen manure, but in view of the labour shortage and rapidly

increasing use of implements drawn by cattle and mules, an increase in

the number of animals on most estates would be vahied from other

aspects and should be part of a general policy of sugar-cane agriculture.

From the point of view of the prevention of disease, I should prefer

to see the increased stock distributed as widely as possible over the

various estates rather than accumulated in special stock farms. This,

however, is a question which the managers will have to decide from
a wider aspect.

The remarks above, with regard to manuring, apply to fields

constantly attacked by froghoppers. In very bad years as has been
pointed out, even fields with good soil may be damaged, and artificial

manures can still be used with good effect both before an expected

attack and perhaps after the attack to hasten recovery.

It has been pointed out above that the evidence is that an applica-

tion of sulphate of ammonia during an attack is wasted, particularly

if the attack corresponds with the period of the " Indian Summer."'

Tillage. The influence of tillage has already been discussed fully on

p. 118. Little more can be added here. Every opportunity should be taken

to improve the condition of the soil by careful tillage, but the shallow soils,

with sour sub-soils, which are frequently found in the low-lying sugar

areas require careful treatment so as not to bring to the surface too
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much sub-soil at any one time. Implemental tillage should not be used
when the soil is too wet, as in this condition more harm than good can
be done.

In this connection attention might be drawn to the unfortunate
conditions existing in a few localities in Trinidad, where the boundaries
of the fields bear no relation to the changes of soil. As a result one
field may contain two entirely different soils which require entirely

different treatment and cultivation. Sometimes the soil changes are so

irregular that this cannot be avoided, but wherever possible in relay-

ing out fields their boundaries should be made to correspond as closely

as possible to the visible soil changes, so that tillage may have more
uniform effect.

Selection of Varieties.

The question of relative resistance of varieties has already been
fully discussed in a separate report (Williams 193 9 D.) and summarised
on p. 119 of the present report. There are no immune varieties, but
,some are apparenth' a little more resistant than others. The best of

these are "Uba" and " Badilla," but neither is generally acceptable to

the planter. Both require very heavy pressure in the mill, and '' Uba"
is difficult to cut in the field, while "Badilla" is very slow in its growth.

Recently some seedlings from " Badilla" have been obtained which
show great promise, but at present it is not possible to say if they retain

the resistant properties of the parent cane.

Among the other varieties there is so little difference in resistance and
so much depends on soil and other estate conditions, that the planter
will px'obably be best guided in his choice of varieties by other circum-
stances than the prevention of disease.

Reduction of Ratooning.

The relative liability of plant and ratoon canes to attack is discussed
on p. 115. It follows that the less the relative proportion of ratoon
canes to plant canes on an estate, the greater the freedom from attack.

This policy is being gradually adopted on one or two estates. On
the fields which have shown themselves particularly liable to attack
only plant canes and first ratoons are allowed to grow.

It is more expensive to grow canes in this way instead of allowing
them to produce second or third ratoons, but against this has to be put
the greater freedom from froghopper blight and root disease, rapid
improvement of the soil by more frequent cultivation (especially if some
rotation crop is introduced, see below), and the higher average yield per
acre, which reduces the overhead charges.

The method is to be strongly recommended from an entomological
point of view, particularly' in the low-lying districts where improvement
of soil and drainage is a difficult matter. It is for the planter to decide
which fields require such treatment and which are sufficiently good to
stand continued ratooning without deterioration.

Rotation.

In every country in the world agriculturists are driven sooner or later

to a rotation crop. In temperate climates, 'where conditions are severe
and agriculture old-established these rotations have developed to an
axiom of agriculture and good systems are already worked out. In
tropical countries where growth is easier and, as a general rule, agricul-
ture is a more recently crganised industry, rotation is still a matter of
trial and experiment and even in some cases only of anticipation.
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In Trinidad until recent yeai-s canes were grown on land as long as

possible and then the land was abandoned and allowed to grow up in

grass or bush without interference. This is an inefficient form of

rotation and as an indication of the uncertainty of its effect it may be
mentioned that some estates put down their freedom from blight to the

large area of abandoned land, w^hile others attribute it to their having

no abandoned land whatever. The apparent contradiction is largely

explained by the type of the soil that is abandoned.

In other countries where sugar-cane is grown, rotation cycles have
been practised for many years. Thus in Java where lands can be

irrigated one rotation in use is between cane and rice.

Months—J. F. M. A. M. J. Jy. A. S. O. N.. D.

1st Year
ll
< Plant Canes

2nd Year... Plant canes > < Ratoon...

3rd Year. ..Canes > < Rice

4th Year. ..Rice, second growth > < Rice...

,...>
I

j Canes again.

Another rotation in the same country is as follows, introducing a

greater variety of crops, but only a single cutting of canes.

Months—J. F. M. A. M. J. Jy. A. S. 0. N. D.

1st Year |1 < Cane

2nd Year > <Beans or Maize>

3rd Year... <Rice....> ... <.. Fallow, Beans or Indigo >
<Rice > liCanes again.

In Louisiana a crop of cow peas or maize or both is grown after two
or three cuttings of cane.

In Barbados two systems are in vogue on land that will not produce

ratoon crops, known respectively as " Halving " or " Thirding."

In the former, half the area under cane is cut each year.

Months- J. F. M. A. M. J. Ty. A. S. O. N. D.

1st Year II
< ..Plant

2nd Year.., Canes •

.. > <Corn crop orfallow...> ||Canes again.

In the second system used on the poorer soils, only one-third of the

land is cut each year and there is a break of eighteen months between
each cane crop.

Months—J. F. M. A. M. J. Jy. A. S. 0. N. D.

1st Year II
<

2nd Year Plant canes

3rd Year > < Cotton, Cassava

Corn or Sweet potatoes > ICane again.

Trinidad will be forced in the near future to adopt some system of

rotation to a much greater extent than at present.
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The properties of an alternative crop should be as near as possible

to the specifications given below.

(1) It should be botanically as different as possible from Sugar
Caue

—

i.e. not a member of the order Gramineae, or any related order,

in order to eliminate common pests and diseases.

(2) It should produce a marketable commodity or at least a stock

food for use on the estate.

(3) It should require good and deep cultivation so as to leave the soil

in an improved condition for the next cane crop.

(4) It should require labour at times when this is nob required for

other purposes, so as to ensure regular employment of hands.

(5) It should not be too exhausting to the soil.

(6) It should, if possible, be a leguminous plant as these add nitrogen

salts to the soil, and so improve it and save money in the supply of

artificial manures.

(7) It should leave behind a good supply of trash or haulm to be
ploughed in to improve the texture of the seal and increase its humus
content, both of which are particularly needed in most of the Trinidad
soils.

The following crops have been tried or recommended for rotation

purposes in Trinidad.

Grass Crops.

Pasture
Corn
Guinea Grass
Rice

Leguminosae.

Alfalfa

Bengal Beans
Pigeon Peas
Cow Peas
Sword Beans
Lima Beans
Velvet Beans
Soy Beans
Woolly Pyrol

Other Crops.

Yams.
Cassava.
Sweet Potatoes.

Cotton.
Castor Oil.

Banana.

Abandoned Lands. The oldest form of rotation known here con-
sisted of growing cane until the crops became poor and then abandoning
the land to a mixed growth of grass, cane stumps and bush, (Guava,
Black Sage {Cordia cylindrostachya), etc.). This was done more
frequently accoi'ding to the amount of land available. I am informed
that on one estate a regular sequence of three years canes and seven
years abandoned land was kept up for a long period.

This method is a poor, uncertain, and wasteful form of rotation.

The old cane stools left in the ground harbour the froghoppers, moth
borers, and root fungi of canes for many months and make it a breeding
ground from which they can spread to other fields. The grass which
grows between the stools also encourages the froghopper, while the
abandoned undrained condition of the field has often an accumulative
injurious effect on the tilth and physical condition of the soil, which we
have found to be so important in connection with the survival of the
froghopper.

Fasture. The remarks under abandoned land apply partly to
pasture in that it harbours insect pests but in Trinidad at least, the
froghoppers do not seem to thrive in the close cropped grass, and the
more efficient destruction of cane stools makes the field a less dangerous
source of other diseases.
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Corn, As a preventative of insect pests corn is a very bad rotation
crop for Trinidad, as it is a host plant for both the froghoppcr and the
small moth borer. It is also capable of being infested with Mosaic
Disease. At the same time it is a valuable crop and might be grown as
part of a rotation on lands which do not suffer severely from insect
damage.

Leguminous Crops. Alfalfa was tried at Caroni Estate, but,

according to Mr. Gilbert, it would not stand the damp climate and was
in addition banJly damaged by a weevil.

Bengal Beans have been tried at Caroni and elsewhere. As they
are poisonous they are grown only as a green manure to be ploughed in

to improve the tilth and humus content of the soil. An illustration of

Bengal Beans being used as a cover crop for sugar is given by
Urich (1913 C. plate VI.). Gough (1911 C. p. 37) notes that they were a
great success at Caroni in 1910, but failed completely at Chaguanas
where they were sown without previous preparation of the soil.

Goto Peas have been tried on a larger scale than any other legumi-
Jious plant and Waterloo Estate in 1918 had 1,400 acres of land under
this plant, afterwards to be planted in cane. According to Mr. Carlee
they cover the ground quicker and better than the Sword Bean. When
possible they are grown to seed, the seed picked and the haulm fed to
the cattle and returned to the ground as pen manure. If this cannot be
done they are ploughed in as green dressing.

Sword Beans. The common species in use here is Canavalia
ensiformis, which in addition to being a good cover crop and stock feed
is to a small extent edible by man. It is widely used in other parts of

the West Indies. Another species, Canavalia gladiata, is of more
vigorous growth, and has been grown successfully by Mr. Connell at

Esperanza Estate and Dr, Shannon at Harmony Hall.

Pigeon Peas have been tried on several estates, but unless thickly
planted are not such a good cover crop as the lower growing species.

On the other hand the more woody stalks of this plant when ploughed
in should help considerably in improving the drainage and aeration of

the soil. On some estates they were grown on ths bodies of the fields

with the idea of preventing the spread of the froghoppcr, but there is no
evidence of any results being obtained in this way.

Woolly Pyrol was particularly recommended by Gough (1911 C. p. 34)

as a suitable cover crop for cane land, and Urich in 1913 mentions that
it has given good results, but it does not seem to have come much into

use in the last ten years.

Non-leguminous Plants. Yams are one of the best non-leguminous
crops that can be grown on cane lands. They give a large yield of

a marketable food, necessitate deep tillage of the ground, and provide

a haulm to be ploughed in.

In 1917 the Usine St. Madeleine planted a five acre field with yams
irnmediately after the cane was cut (about April). The yams were
removed in February 1918 and the field planted with crop plants a

month or two later. The canes grew rapidly as a result of the excellent

condition of the soil and were bigger at the end of the year than many
wet season plants, while the proceeds of the sale of the yams more than
paid for the whole cultivation of the field from the time the canes were
removed to the time when they were growing again.
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Sweet Potatoes are also a good non-leguminous rotation crop and in

many cases the cane plants may be planted between the sweet potato

plants so as to lose no time.

Cassava, Cotton and Bananas are other plants which might be
experimented with on a larger scale to find suitable conditions under
which they could be grown.

The following rotations are suggested as those most likely to

improve the condition of the soil and render the canes less liable to

attack by froghoppers or other insects and fungi.

(I.) Catch-crop rotation for good lands.

Month. J. F. M. A. M. J. Jy. A. S. O. N. D.

llatoon —> <—Land—> <— Feas, beans—>
li
<—Plant

canes cut ploughed or sweet canes.

potatoes

The canes should be planted^befcween the sweet potatoes.

(II,) Short rotatiort for fairly good lands not jjarticidarly liable

to froghopprr and mot disease.

Month. J. F. M. A. M. .1. Jy. A. S. O. N. D.

Ratoon —> <—Land —> < Yams, or beans
canes ploughed followed by

>
I

<—Crop plant canes.

In this no cane crop is lost.

sweet potatoes.

(III.) Long rotation for poor lands.

Month. J. F. M. A. M. J. .Jy. A. S. O. N. D.

Ratoon—

>

< Yams or cassava
canes cut

Cow peas or sword Canes
> <—beans ploughed in—> |j

<—planted again-
as stock food.

In this rotation one crop of cane is lost in each c^cle.

The number of ratoons cut would depend on the condition of the

field and the crops produced, but it would be well to abandon second
ratoons on poor lands until they have been worked up into better

condition even if there is no immediate indication of blight.

lu all discussion of rotations in Trinidad the final solution will

depend largely on the labour supply, but in order to keep the
poorer land under cultivation, some form of rotation will have to be
adopted and it is for the planter to experiment on methods of implemen-
tal cultivation etc., whereby the result may be obtained with the least

possible outlay.

DIRECT CONTROL METHODS.

Destruction of Froghoppee Eggs.

The eggs of the froghopper are in the semi-decayed moist leaf

sheaths of the cane near the ground, in the coiTesponding parts of the
grasses that grow in the cane fields, and in the ground itself. Up to the
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present no method, except perhaps spraying, has been suggested for

destroying those eggs in the ground. Those in the cane and grass
sheaths can be destroyed by the processes of trashing and weeding.

Trashing (Stripping) : Trashing in Trinidad consists of the removal
of the dead leaves of the cane by hand from the growing plant, and

• must not be confused with the process of spreading the trash round the
young plant in the dry season for which process the word '• trashing " is

used in Barbados.

The dead leaves when stripped from the plant are either left in heaps
(boucans) between the rows of canes, or i-emoved from the fields and
used as bedding for the stock.

The value of trashing as a control method for destroying froghopper
eggs depends on two important facts. First the operation must be
performed at the time when the eggs are in the trash, and secondly that

the trash must be removed from the fields.

The first condition necessitates that the trashing should be done
shortly after a brood of adults (except in the case of the last brood).

A careful watch should be kept, with the use of light traps if possible,

for the height of the brood and the trashing should be done about ten

days later. It is probably the neglect of this fact or that has
produced the contradictory results so far obtained. A delay of little

more than a week may allow the hatching of the eggs and only the

empty shells are then removed.

If the trash is left in rows or small heaps among the canes little or

no result is obtained, as these rows produce almost ideal conditions for

the hatching of the eggs and the development of the young nymphs. The
trash must either be placed in large heaps at the edge of the field, or

be removed to the stock pens as bedding.

The eggs that remain in the trash during the dry season can b&
removed in the same way by collecting the trash from the fields after

the cane is cut and piling into large stacks for removal to the pens later

as required for bedding. This is already done on one or two estates in

Trinidad and. though expensive, is worthy of extended trial, particularly

in fields liable to froghopper attack.

The question was raised as to whether eggs removed in the trash in

this way could survive while the trash was in the pens and be returned

to the fields with the pen manure, which would thus be a source

of danger.

Experiments have shown that this can not happen. Trash con-

taining some hundreds of eggs was buried among the bedding in a cattle

pen on Cedar Hill Estate and two months later was removed. None of

the eggs subsequently hatched when kept in suitable conditions. The
temperature in the manure heap in the vicinity of the eggs was over
125'' F. (51° C.) and it is almost certain that none could survive such

a temperature.

Occasionally fields are reported to have been severely damaged
shortly after trashing. The probable explanation is that the trashing

has been done too severely, that the damage is due to the previous

brood of adults which naturally is not influenced by this process, or that

it has been done during a spell of dry weather when the canes are

suffering from a want of moisture and are sending out adventitious roots

beneath the trash, in the attempt to get more water. The sudden

exposure of these roots to the direct heat and dryness of the day has an

injurious effect on the canes.

Weeding. Much the same remarks apply to weeding as to trashing

and the contradictory results obtained by different planters are probably-

due to similar reasons.
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Some jilanbers make a point of {giving special weefling to fields show-
ing signs of attack, while others say that such labour is wasted.

If weeding is done dm-ing the flight of adults or while the insect is in

the nymph stage, little good can be expected, in fact the insects will be

left in the field and will feed on the canes in greater numbers than
before. If it is done at the time that the majority of insects ai'e in tlie

ei^g stage, good results should be obtained, but it ujust be emphasise 1

that these results will not be apparent until the next brood of frog-

hoppers two months, or, if the dry season intervenes, six or eiglit months
later.

Weeding and trashing, when carried out in a field actually suffering

from blight, are liable to cause considerable damage by the number of

canes accidentally broken owing to their abnormal brittleness near the

growing point.

Weeding is probably of less importance than trashing and no
immediate results can be obtained from either.

Burning.—The question of burning the trash on cane fields before or

after cutting has been the subject of ]imch contr(jversy. It has
important effects both on the animal life in the cane field and the

physical condition of the soil.

Considering first the effect on the froghopper there i.-- no doubt that

•a number of eggs will be destroyed, limited however hy several factors :

—

(1) The eggs are chiefly near the ground where the trash is uioister and
less likely to be destroyed (2) Burning is often carried on at night to

prevent too severe scorching and this means that still more eggs will

tscape. (3) The eggs in the soil %viil probably escape.

On the other hand many egg parasites will be destroy ed in addition

to the lizards, toads, spiders and other parasites and hyper-parasites

shown in Fig.

The field evidence to decide whether the good or the harm done is the

greater is contradictory. Some fields have been burned regularly and
still have not suffered severely from blight. Mr. C. Connell of Esperanza
Estate reported in 1912 that fields Inirnt had suffered less than fields

not burnt.

On the other hand I found in 1919 the blight definitely worse in a
corner of a field that had been accidentally burnt at Harmony Hall than
on the rest of the field that was not burnt. Mr. Halliday at' Picton in

1912 reports that the fields w-here the trash was burnt were the worst
attacked fields on the Estate.

It is possible that the immediate effect depends largely on the

original proportion of the froghopjjers and their enemies.

Burning during the wet season will have still less effect in the

destruction of the eggs, and nymphs have been seen making fresh froth

masses on the surface of the ground within twenty-four hours of the

burning of a field.

In addition there is evidence that the burning of trash has, in Porto
Rico and Louisiana at least, a distinctly bad effect on the prevalence of

the small moth-borer of sugar-cane, probably by the destruction of its

parasites (see Wolcott, Annual Piept. Porto Rico, Insular Expt. Station

J917-1918 p. 43 ; and Loftin and Holloway, U.S. Department of Agricul-

ture Bulletin 746 p. 5.5). The latter authors give figures indicating 67
per cent, infestation of small moth-borers in a field previously burnt as

compared with 1.5'5 per cent, in an unburnt field. In view of the
presence of the small moth-borer in Trinidad this effect must not be
forgotten.
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Finally we have the fact that in the burning of the trash a large
amount of vegetable matter is destroyed which would otherwise decay
to Iiumus in the soil and so improve its pliysical conditions. On soils
rich in humus and well aarated this loss would not b ; so important, but
in Trinidad there are few soils of this nature and one of the prime needs
of the blighted areas is, as has already been shown, a better physical
condition of the soil.

From these considerations it is reasonable to conclude that, for the
control of bhght, the less burning of trash that is carried out the better
will be the results, particularly in the future when tlie accumulated
humus begins to have effect.

Spraying. Gough (1910 B. p. 176) suggests spraying the bases of
the cane stems with tobacco juice just after the first flight of adults to

• destroy the eggs. I dipped a number of pieces of trash cont lining eggs
3-5 days old, in a solution of 1 in 240 Black Leaf 40 (Nicotine) for three
minutes, the pieces being subsequently dried on blotting paper. Several
eggs survived this treatment and hatched within the next few weeks.

The results of experiments with Mr. Glasgow's pre[)aration contain-
ing corrosive sublimate will be summarised later in connection with the
destruction of the nymph (p. 142).

Destruction of thk Nymph.

Weeding. The remarks already made in dealing with the destruc-
tion* of the eggs apply here also.

In dealing with abandoned lands which are believed to be a source
of danger as breeding places, it is important that they should be
brushed (cut over) while the froghopper is in the egg or young nymph
stage, as if the adults have begun to emerge they wiil have all the more
inducement to spread into the surrounding fields. Abandoned fields so
brushed should be put into some form of cultivation or ploughed up as
soon as possible.

Flooding. In British Guiana, where the greater part of the sugar
lands are below the level of the irrigation canals, fields are sometimes
flooded in order to destroy the nymphs (Williams 1918 B. p. 165). This
method can never be adopted in Trinidad as there are nowhere the
facilities for rapid drainage that is an essential part of such a nirithod.

Use of Chemicals and Sprays. A. large number of chemicals have
been at times experimented with and so far none has proved successful.

Gough (1911 C. p. 26) discusses the use of quick lime, lime wash, lime
sulphur, kerosene emulsion, kerosene lysol emulsion, rosin wash, cyanide
of potassium, and copper sulphate. His conclusions are that the only
ones worthy of further trial are the kerosene emulsion and the kerosene-

.lysol emulsion.

I have reports from planters of experiments witli Cooper's cattle dip,

"milk-oil," Bordeaux mixture, salt and lime, carbon bi-sulphide, tobacco
-dust and nicotine solution. All of these were found of no practical

value.

The frothy covering of the nymph protects it from most sprays

unless they are of unusual strength, and expei'imjnts in which the

nymphs are removed from their froth are misleading unless followed by
others with the nymphs in their natural state.
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I have experimented with various strengths of nicotine (Black

Leaf 40) solution, and found that at certain concentrations, particularly

when small traces of soap and ammonia are present, it will kill nearly

all the nymphs with which it comes into contact, but the cost of the

solution at the concentration required was almost prohibitive.

Gough recommends the use of kerosene emulsion for destroying the

adults, but, I am not aware that any extended trials have been made of

this method, which might be practicable on a small scale.

Carmody and others in 1912 experimented with Nitrolim, an artificial

manure containing nitrogen and lime. About two ounces were applied

to each stool particularly on the visible nymphs, and in some cases the

results were said to be satisfactory. The advantage of this method is

that the material applied is a manure and thus no extra expense is

involved. Its disadvantage is that probably only the nymphs actually

touched by the powder will be killed. The chemical has been unobtain-

able during the last few years, and I have unable to test it.

In 1918 Mr. Glasgow of Orange Grove Estate reported that he had
a secret liquid that would destroy all the froghopper nymphs and eggs,

but my tests of it and the results of his field demonstrations were not
satisfactory {see "Williams 1919 B.). In the following year Mr. Glasgow
patented his liquid, in which the active substance is corrosive sublimate

with hydrochloric acid and common salt. I made a few laboratory

experiments, and found that it was of no value in destroying nymphs
but eggs dipped in it for one minute failed to hatch.

All these methods of spraying liquids round the stools suffer from the

common disadvantage of the cost of application and the labour required

when all available hands are needed for other work.

A number of experiments were made with spraying machines at

St. Augustine with the assistance of Mr. J. B. Piorer, and we came to

the conclusion that an average of half a minute per stool is required

and that the plants cannot be properly sprayed at a higher rate than
twelve plants to the gallon of liquid.

With six men s^jraying, two at the central pump for filling and
mixing the liquid, and one man with cart bringing water, about two acres

per day can be done. This would cost about $2 per acre for labour in

addition to the cost of 200 gallons of liquid (allowing 2,400 stools

per acre).

The ground cannot be covered with sufficient rapidity, and the cost,

particularly if more than one application is necessary, is too great.

The use of small cups for pouring the liquid round the stools from
buckets, as used by Mr. Glasgow, is less expensive, but also less efficient.

It must also not be forgotten that the sprays will almost certainly

destroy the grubs of the Syrphid fly and so reduce one of the natural

checks on the froghopper's increase.

Stamping out of Nymphs. On some estates children armed with
short sticks are sent through the infested fields to crush every visible

froth mass with the end of the stick. The method is not expensive, but
only froth masses on the surface are destroyed and in these friend

and foe alike are killed.

It is doubtful if the method would be of any value in the case of a

severe widespread outbreak, owing to the labour required.

Hand Collecting. Still more laborious is the method of sending
children through the fields to collect the nymphs from the froth masses
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About 5c. per hundred nymphs is paid and a child will collecl)

400-600 per day. According' to Kershaw (1913 I. p. 6) 700,000 were
collected in this way at Brechin Castle Estate on 31 acres at a cost of

$11 per acre. The same method was in use in British Guiana {see

Williams 1918 B. p. 170-171).

It is a much slower method than crushing the nymphs, but has the
advantage that some check is kept on the activities of the gang. Unless
the children are carefully instructed they will destroy Syrphid grubs as
well as nymph froghoppers.

Destruction of the Adult Froghoppers.

Hand Collecting. Both in Trinidad and in British Guiana children
have been employed at various times to collect and destroy the adult
froghoppers by hand. This is an extremely slow process and even when
they are abundant, it is seldom that more than six or seven hundred are

collected as the result of a day's work b^^ one boy, whereas this number
can be caught in a few minutes by the use of nets (see below).

The sexes caught are in more or less equal proportions, a slightly

greater number of females is sometimes found, owing to the activity of

the males giving them more chance to escape.

In some cases the insects thus caught are infected with green
muscardine fungus and allowed to escape to infect others.

In other cases instead of collecting the adults, the growing point of

—the- cane is squeezed with the hand to destroy the insects sheltering in

the axils of the leaves (Carlee 1912 A. p. 271).

Spraying. Spraying for adults with kerosene emulsion has been
'"recommended by Gough (1911 A. and 1911 C. p. 28) and ha« already

been discussed above (p. 142). It is worthy of more extended trial and
might be of value in small localised outbreaks.

Light Traps. The adult froghoppers can be caught in great

numbers by means of light traps. On one occasion I captured 20,000 in

five traps in one night, and at Caroni in 1915 with 100 lamps the

captures reached 250,000 per night during the broods.

The form of trap generally in use is shown in fig. 32 and consists of a

kerosene oil (paraffin) lantern, locally known as a hurricane lamp, placed

in the middle of a round tin pan of about twelve inches in diameter, in

which there is about half an inch of water with a little kerosene oil on
ihe top.
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Fig. 32.

Fig. 32^Simple form of light tra]) foi' attracting adult fioghojipers.

The method sufifers from the great disadvantage that practically all

the specimens caught are males. Gough (1910 A. p. 306) has given
coimts of over ten thousand individuals caught in light traps h>howing

about 1^ per cent, females. (11,257 males to 175 females). My own
records and those of other observers entirely confirm these results. In
many cases the propoition is even lower than this and as a result the
use of light traps is of comparatively little use as a control method.

Intensity of Licjlit. Investigations have been made by different

workers on the relative attracting powers of different intensities of light.

Urich with a Kitson kerosene-vapour lanjji uf 1,000 candle power
found that the increased attraction was sliglit and in some cases the
more powerful lamp attracted fewer froghop[)ers. In tliree evenings
the powerful lamp attracted 163 insects while one oil lamp attracted "241

individuals on the following three nights, while during August 1910 the
Kitson lamp attracted 7.447 froghoppers and three hurricane lamps
attracted 3,929, which is more in favour of the powei-ful light (Urich
1910 A. p. 20).

In British Guiana J experimented with an acetylene lamp of about
100 candle power and caught 651 individuals (1*2 per cent, females) while
an oil lamp in the next bed caught 525 (1-2 per cent, females) of Totriasjm
flavilatera.



SECTION X.— METHODS OF CONTROL. 14">

in Trinidad at Brechin Castle in September 1917 1 tested the same
acetylene lamp and on one night obtained '2,170 insects as compared
with 1,008 with an oil lamp some distance away ; and on the next night
it captured 1,132 when two oil lamps one on each side captured an
average of 1,110.

It appears that there is no great increase of captures by using lights

of greater intensity and the percentage of females captured remains the
same.

Colour of Lights. To test if lights of different colours were more
attractive to females I put out oil lamps with white, green and red
sliades at Brechin Castle Estate in September 1917.

The results were as follows :
—

Colour. Average Catch. Per cent, uf Females.

White 1,228 about 1 per cent,

lied 146
Green 443 „

It will be seen that the percentage of females is not increased while
the total attractiveness is reduced, more so in the case of the red than
the green.

Height and Fosition of Lamps. To test the best height at which to

place the lamps and whether they are best in the canes or in the traces,

experiments were carried out at Golconda Estate in September 1918.

The lamps were tested (1) on the ground, (2) about 18 inches froui

the ground, (3) about four feet from the ground.

The results obtained were as follows :—

1st Night.
Li trace Iii canes Total

High 30 220 250
Medium 166 446 612

Total
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Other Insects Destroyed. A number of experiments have been made
to find what other insects are destroyed by the use of light traps. The
list is a large one and includes both useful and injurious. Some of the

principal are as follows :

—

Useful. Neutral, Injurious,

Mantidae ...Crickets ...Hard-back beetles.

Candle-flies (Lampyridse)...Cockroaches. ..Mole-crickets.

Xiphidimn (grasshoppers)...Crane flies ...Small moth borer (Diatraea)

Soldier bugs (Eeduviidfe)... Beetles ...Leaf eating grasshoppers.

Ichneumon flies ...Ants ...Termites.

Use of Lamjs for spread of Green Muscardine Fungus. Owing
to the small proportion of females attracted light traps are of little use

as a direct control method. It has however frequently' been suggested

that they could be used in order to infect the adults with the green
muscardine fungus.

Borer (1910 B. p. 478) first suggested the use of a trap round the

lamps and that the froghoppers so caught could be infected and released

the next day. Gough (1911 C. p. 38) suggested that if the spores were in

the trays round the lamps infection would take place without the

additional expense of a trap.

Rorer's trap consisted of a zinc funnel beneath the lamp down which
the insects slipped into a box below. I have tested this and several

other types of traps, and while occasionally quite successful and one of

the best methods of distributing the fungus, it is uncertain and suffers

from the defects which are discussed more fully on p. 85.

Use of Lamjis for indicating broods, A few light traps on an
estate put out about once a week, and in which the total captures are

counted, are of great value in determining the occurrence and dates of

the broods, and when the damage may be expected to increase and when
recovery maj' set in.

The diagrams in figs. 5 and 6 show results obtained in this way.

Use of Nets. In British Guiana in 1916 I found that the adult
froghoppers could be caught in large number- by sweeping the grass

and canes at the sides of the field drains during the daj with nets. In this

way boys could catch up to 8,000 adults per day instead of five or six

hundred by the old method of hand collecting (Williams 1918 B. p. 170).

In Trinidad the same method was found to be useless owing to the
habit of the froghopper here of spending the day hidden away in the
axils of the upper cane leaves.

It was not until two years later that it was observed that in the early

evening the adults leave this position, crawl out on the leaves of the
cane and are readily captured.

On 9th July 1918 (1st brood) at about 6 p.m. I captured 700 adults in

about two minutes with an ordinary butterfly net on a trace between
infested cane fields. About 81 per cent, of these were females.

The same results can be obtained in the early morning and on the
followmg day at about 6 a.m. I obtained 122 adults (including 29 per
cent, females) in one minute by the same method.

At six p.m. on the following evening 1,210 adults were captured in

five minutes with the same net, and two days later with a lax'ger net,

6 feet wide by 2 feet high, drawn by two men 3,000 froghoppers were
obtained in two minutes.
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It will be seen that by this method adults, including about 30 per
cent, females, can be destroyed in large numbers, the chief drawback
being that the method is seldom successful before 5 p.m. and at the time
of the second brood it is usually dark before 7 p.m., so that work can
only be carried out for a limited time each day.

To increase the rapidity of the work and reduce the labour required,

experiments have been continued with various forms of nets drawn by
mules, one of the most successful being one in which a miile walks
between two rows of canes and has attached on each side a net in the
form of a pannier which sweeps the rows of canes on either side.

This will be tested more fully this season ; it is not expected to

be more than moderately successful but may be applicable to small and
localised outbreaks.

An account of the net in its present form will be found in the
Bulletin of Entonaological Research Vol. XI p. 179.

It was thought at one time that it might be possible to use the frog-

hoppers caught in the nets to infect with green muscardine and release,

but in view of the high proportion of females caught and the impossi-

bility of separating them from the males it is probably better to destroy
them than to use them in this way.

A somewhat similar method has been suggested for use in Cuba by
Cardin 1917 but in this case it is the pastures that are attacked, and the

net or hopperdozer is mounted on skids which slide over the ground.

ENCOURAGEMENT OF NATURAL ENEMIES.
In the section dealing with the enemies of the froghopper the habits

of each of them has been discussed so far as is known.

Some methods may be adopted by which they can be encouraged.
Thus birds may be attracted to estates if trees are left here and there in

the traces, or if necessary planted in areas where all have been destroj^eil.

Keskadees and other birds are encouraged if posts are put up for

perches along the traces. On one occasion this was done and many of

the posts took root and grew into convenient bushes.

The reduction of the amount of burning to the minimum will save
many lizards, frogs, toads, spiders, and other enemies that would other-

wise be destroyed.

To increase the number of egg parasites Urich brought grass from
the moister parts of the island, where the vermilion parasite is

abundant, in to the cane fields, but no conclusive results have yet been
announced.

It is unfortunate that several good agricultural processes are destruc-

tive to natural enemies. Thus better drainage reduces the numbers of

the frogs and toads, and the better cultivation of abandoned lamls

destroys the nesting places of many birds. At the same time it has

been shown that these processes have also their beneficial aspects and
they should be carried out in spite of any small possibly injurious effect.

THE INTRODUCTION OF NEW ENEMIES.
As the search for new enemies of the froghopper has been several

times suggested and an attempt made in this direction, a few notes on

this question will not be out of place.

When a new pest is introduced into a country and, adapting itself to

its new surroundings, increases with great rapidity owing to the lack of

controlling factors, the introduction of enemies of the pest from it>i

original home to its new habitat is an obvious measure to be taken.
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Success then depends on the abili' v of these parasites to adapt them-
selves also to the new surroundings and on their being in turn compara-
tively free from destruction by hyperparasites.

The latter condition is most likelj- to be fulfilled in a country with a
small favma, such as an island, particularly one well separated from the
mainland.

Several cases are known in which great success has attended the
method. Thus a leaf hopper {Ferkinsiella saccharicida) was acci-

dentally introduced into Hawaii and threatened to destroy the sugar
industry of that island. The original home of the leaf hopper was found
to be Australia. A search was made there for parasites, those found
were introduced into Hawaii, and the leaf hopper ceased to be a positive

danger although still ranking as a considerable pest.

In California the scale insect Iceria purchasi was accidentally

introduced and spread with enormous rapidity, but was successfully

reduced when a lady-bird beetle (Vedalia) was introduced from
Australia, the original home of the scale insect.

More recently the hard-back beetle {I'liytalus smithi) was acci-

dentally introduced from Barbados into Mauritius, but its rapid spread
has been quite checked by the deliberate introduction of the wasp
Tiphia 2}araUela, which was known to^keep it in check in Barbados.

On the other hand parasites have been introduced from all parts of

the world to combat the Gj'psy and Brown-tail Moths in the Kew
England States of U.S.A., yet they still remain a severe menace and spread
over a larger area each year. Other examples could be given of the
ailure of the method to produce appreciable results.

In all the above cases we are dealing with a pest introduced into a

new country without its enemies, which have been left behind in the
country of its origin. In Trinidad we have quite a different condition.

The froghopper is an indigenous insect ; it has been here probably for

thousands of years and almost certainly long before the introduction of

the sugar cane. It has associated with it already a number of parasites

and hyperparasites, and the complexity of relationship between them is

indicated by the diagram in fig. 19. (p. 92j.

Trinidad, though geogi-aphically an island, is biologically a part o

the South American continent and has its rich and varied fauna only
slightly reduced. Any new enemy introduced, before it can be the
slightest economic value, has therefore to be able to hold its own against

a number of hyperparasites, must be able to withstand the dry season
uninjured, and in addition must be able to breed with such rapidity that it

can overtake the froghopper. Against all these disadvantages, to be of

any practical value, it must be sufificiently powerful to alter the present
balance and prevent the froghopper from increasing beyond certain

narrow limits.

A practical example of the results of the incessant struggle to

which a new parasite may be subjected is seen in the history of the
Mexican Bug introduced from Mexico in 1911 by Urich to destroy the

fioghopper. Many thousands of them were liberated in the cane fields

and not one was e\er recovered, in all probability owing to their exter-

mination by other predaceous insects, spiders, etc.

However, the loss from the froghopper has probably averaged
Jt.50,000 per annum during the past fifteen years and with the increase

in the value of sugar it may be worth while, if the agricultural methods^
now advocated fail to give relief, to take up once more the search for

parasites.
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If this is done it must be i-ecognised that the method is under the
circumstances loncj and uncertain, and success is not even assured by
the arrival of the new parasite in Trinidad.

From the experience gained in eighteen months spent in searching
for parasites in Central America two important notes can be added.

(1.) The wide distribution of the common froghopper parasites in
Central America indicates that time will only be wasted searching for

new ones in this area and it is probable that the most rapid i-esults

would be obtained by going far afield. I should be inclined to recom-
mend the African continent, where numerous froghoppers of genera
allied to Tomasfis are known to exist.

(2.) Such a search for pai'asites in new countries cannot be carried
out b}' one entomologist working alone and unaided. At least two men
and better still, three should be employed. The work will be more ,'

rapidly completed and more experience will prevent errors. To send
j

one man is merely to gamble with the money expended, as the whole
investigation may be wasted if he is taken ill.

In the section dealing with the natural enemies of the froghopper
some indications are given of the types oi parasite^ that might be
expected.

Egg parasites are most likely to produce good results, especially if

capable of continuing their activities in dry weather, as the froghopper
is in the egg stage for the greater part of the year.

Parasites of the nymph might include species of Drosophila ^at

present only known as parasitic on froghoppers of the genus Clast'iptera

{see p. 64).

In Europe the nymphs of froghoppers of the genus Aphrophora are

taken from their froth and stored up by the wasp Gori/tes viistaceus

(Cambridge Natural History, Insects Vol. II. p. 9;3). No wasps have
yet been found storing froghoppers in Central America, but it is possible

that elsewhere others await discovery.

Finally there are several other known species of the genus Salplngo-
gaster (which includes the Syrphid fly) and these are almost certainly

parasitic on froghoppers.

Salpingogaster costalis Walk, S. minor, Aust. and S. virgata, Aust.

are known from Brazil. S. cotlmrnata, Big. S. limhipeimis Williston,

and S. nova, Gig-Tos, from Mexico. S. macula, Schin. from Chile. S.
\

nigriventris. Big. from Ui'uguay and S. pygophora Schin. from Brazil

and Panama (Kertesz Cat. Dipt. VII 1910 p. 168). S. pggopho}a \ms

also been reported from Cuba (Hine, Ohio Nat. XIV 1914 p. oo6).
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INTRODUCTION.

The Sugar-cane cultivation of Trinidad covers an area of about 78
square miles, out of a total area of 1,750 for the island. The crop has
varied from 38,000 tons to 71,000 tons in the past tv^enty-one years.
The rainfall is about 64 inches, with a dry season from January to May
and a wet season from May to December (fig. 1). The crop is cut
during the dr3' season. Three or four crops are usually cut before
replanting, (p. 11.)

The growing canes have been subject for many years to outbreaks
of a disease locally known as "Blight" or " Froghopper Blight," which
consists essentially of a browning and drying up of the leaves and a
check to the growth which may result in the total loss of the crop.

The loss during the past fifteen years has probably averaged £50,000
per annum and in 1917-1918 reached about ^£300,000. The insect
Tomasjns saccharina. the sugar-cane froghopper, is almost invariably
found in abundance in the blighted fields, as well as various species of

root fungi, and both have been held responsible in varjdng degrees for

the danaage. (p. 13).

Conditions similar to the froghopper blight were reported in 1863,
but it was not until 1889 that the froghopper was discovered by
Hart and its connection with the damage suspected. In 1906 a
severe outbreak called attention to the subject once more and during
the next three years, all of which were characterised by severe blight,

various opinions were held as to the relative importance of the frog-

hopper and root disease In 1909 regular investigation was started by
the Board of Agriculture and Borer, Urich and Guppj- studied the varied
aspects of the problem. The life his.ory of the froghopper was worked
out, two egg-parasites were found, and the green muscardine fungus
which destroys the adult, was cultivated on a large scale. In 1910 and
1912 Gough and Kershaw continued the investigations. The former
discovered the Syrphid Fly, which deslroj's the nymphs, and the latter

recommended the search for a more efficient parasite outside Trinidad,

(p. U).

During 1916 and 1917 I made a search for such parasites in British
Guiana, Panama and Costa Eica. New froghoppers were found in all

these countries, but the enemies were found to be the same as those
already known in Trinidad. The range of the parasites is evidently
much greater than that of their hosts. In Panama a few specimens of

a new egg-parasite were obtained but they died before any attempt could
be made to breed them. In .July 1917, owing to the great difficulty of

carrying on the work single-handed and with the prevailing conditions of

transport, I returned to Trinidad to study the pest in the island, (p. 16).

In 1918 and 1919 Nowell. emphasized the relation between local

infestations and the condition of the soil, and advocated the application
of agricultural methods to the reduction of blight, (p. 18).

THE NATURE OF THE BLIGHT.
Damage usually first appears six weeks to two months after the

beginning of the wet season and the canes stop growing, and the leaves
wilt and are streaked with brown marks. After some weeks recovery
sets in, usually to be followed by a second and occasionally a third attack
at intervals of about two months, (p. 20).

From each puncture of the adult froghopper on the leaf an elongated
area of injury spreads, at first pale and later brown. Increase in size

of this spot may continue for as long as four or five weeks and, from



SUMMARY. 15 f

an almost imperceptible point, the damaged area may reach five inches
in length and a quarter of an inch in width forming a long discoloured
streak on the leaf. The centre of this area finally dies completely
(PI. TI). If these streaks are numerous they may join up to form large
dead areas on the leaf. It follows that the injury to the leaf, and so to
the plant, may continue to increase after the brood of froghoppers has
passed, (p. 20).

The stem is only indirectly damaged by loss of food from the
damaged roots and leaves. The growing point is frequently stained
with red internally, especially' at the young nodes ; small pockets of

gum are sometimes found, and an unnatural brittleness frequently
causes the cane to break off just above one of the upper nodes. The
internodes or joints which should be increasing in length and width,
remain shorter and thinner than usual and harden while still in this

condition, recording on the growing cane the check that the plant has
received. Thus from the lengths and widths of successive internodes on
a fully grown cane past attacks can be determined (fig 3). The
shortening of the upper internodes causes the leaves to be crowded
together in a fan-like arrangement. In addition the eyes near the top of

the cane frequently send out shoots, and adventitious roots are developed
from the joints near the ground, (p. 22).

The roots are damaged both by the sucking of the nymph, by the
root fungi usually associated with blight, and by the unfavourable soil

conditions nearly always found in fields liable to attack. The root
system is poor and the plant can be pulled from the ground with com-
parative ease. (p. 24).

The blighted canes contain less sap than healthy ones, but often a
higher sucrose percentage. The sucrose is said to be more easily
inverted in sap from diseased canes, and the sap is frequently acid. (p. 24).

The different parts of the stool are usually damaged inversely as
their size and vigour. The smallest shoots are killed, the medium sized
ones severely checked, and the larger only slightly injured except in
cases of sevei-e continued damage, (p. 25).

As the brood passes the canes are able to send out undamaged leaves
and gradual recovery sets in. This will vary according to the extent of
the original injury. The length of time taken for a plant to produce a
new set of leaves is however longer than the time between successive
froghopper broods, and as a result the cane after one attack is in a
weaker condition to withstand a second. This probably accounts for

the greater damage caused by a second brood even when its numbers do
not appear to be greater than the first, (p. 25).

The greatest intensity of the blight is about two to three weeks after

the height of the froghopper bi'ood, but the total damage varies gre itly

from year to year and from place to place, (p. 27).

Uncomplicated froghopper attack is distinguished from uncompli-
cated root disease by the presence of the brown streaks on the leaves.
Froghopper injux-y is never confined to a few isolated stools as
occasionally occurs in the case of root disease. Root disease further has
not the periodic nature of froghopper blight. The blight resembles in

symptoms the Sereh disease of the East, but does not become steadily
worse each year as with the latter. The resemblance of the symptoms is

largely accidental and Sereh does not occur in Trinidad. Certain fungi
make discoloured spots on the leaves of the cane. The chief of these are
the Eye-Spot (Hehninthosporiiim) and the Ring-Spot {Leptosphaeria),
but the marks are quite distinct from those of froghopper injury. The
Eye-Spots are small, seldom more than half an inch in length, and have
only been found up to the present on one variety of cane, D 109. The
Ring-Spots are purplish-brown in colour with a paler centre and almost
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round, seldom exceeding half an inch in diameter. In the Mosaic
Disease, recently discovered in Trinidad, the leaf is irregularly mottled
with indistinct streaks which are pale from the first and never become
darker tlian the healthy leaf. (p. 27).

HISTORY OF THE BLIGHT.
Elif.'l)t, apparently similar to the present one, was recorded in 1862,

1869, lb78, and various years up to 1889 when the froghopper was first

recognised as the probable cause. From about 1890 onwards for several

years, the gradual degeneration of the Bourbon cane was taking place,

largely due to Red Rot (ColIetotricJmm). No outstanding attacks

appear to have occurred again until 1906, although a few slight local

outbreaks are recorded in 1900. (p. 30).

In 1906 commenced a series of severe attacks which has continued
with occasional irrtei'vals up to the present time. The relative severity

of blight in these years is shown in fig. 7, which indicates a recurrence
of periods of severer blight at intervals of four or five years. The times
of greatest damage were 1906-8, 1911-1912 and 1917-18. (p. 32).

The weather conditions for each year from 1906-1919 are summarised
on Table I. (p. 83).

FROGHOPPERS IN OTHER COUNTRIES.
Tobago has its owrr species of froghopper, Toinaspis carmodyi, which

however has done no damage, (p. 43).

In Grenada the Trinidad insect is known and in 1916 did severe
damage in a few small areas, (p. 44).

From St. Vincent there is a single specimen of the Trinidad frog-

hopper, in the collection of the British Museum, captured about 1890,
but in December 1917 I made a close search in the southern half of the
island and failed to find any. (p. 44).

No froghoppers have ever been found in Barbados, St. Lucia,
Martinique, or the nrore northerly Lesser Antilles, Dominica has one
species, Tomasjns dominicana, of which the habits arexmknown. (p. 44).

In Cuba pastures and occasionally cane fields have been damaged by
Tomaspis bicincta. In 1916 the loss due to damaged pastures in the
province of Caminguey was about i64,000. (p. 45).

No damage has been reported from Jamaica, but several species of

froghoppers are known to occur there, (p. 46).

In Surinam Toniasjns tristis occasionally damages the caires. The
nymphs are ^not root feeders bvit are found two or three feet above the
•ground on the cane and bases of the leaves, (p. 46).

Iir British Guiana Tomasfis flavilatera was known as a minor pest
from 1909 to 1917 but the harm done was negligible. In 1918 however
an extensive outbreak occurred in three difi'erent localities and severe
damage was recorded. It is believed to have been related to certain
climatic and soil conditions, (p. 47).

In Colombia Tomaspis hogoiensis has for some years been recorded
as danraging pastures, (p. 48j.

In Panama Tomaspis lepidior has been mentioned as damaging cane
and grass, but apparently to no great extent. A froghopper of the genus
Clastoptera was found destroying the flowers of Cacao, (p. 48).

In British Honduras damage was reported to sugar-cane by a frog-

hopper in 1883, but no recent particulars are available, (p. 49).

In Mexico cane and pastures have been damaged for many years
jpast by Tomaspis postica. (p. 49).
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In Louisiana Tomaspis hicini-ta has been reported on cane without

doing any serious damage (]). 49).

In the New York district grass is occasionally damaged by two
species of Pliilaenus. (p. 49).

Roses and some pasture grasses in England and Jak and Cotton in

India have also suffered from other species of froghoppers. (p. 49).

The text is given of the legislation in force in Barbados and St.

Lucia to prevent the introdnction of the froghopper. (p. 50).

THE FROGHOPPER.
The scientific name of the insect is Tomaspis saccharina. The name

Tomaspis varia has been used in the past but there are reasons for not

retaining it in use. (p. 53).

The species is only known from Trinidad, Grenada and possibly

St. Vincent. It is almost certainly native to Trinidad and not an
introduced insect, (p. 53).

The adult insect is about one-third of an inch in length, dark brown,
with two transverse yellowish-brown bands on the wings. There is a

light variety which has in addition the basal portions of the wings light

in colour, (p. 54).

In the field the two sexes appear to be in almost equal proportions,

(p. 55).

A short account of the anatomy of the insect is given, based chiefly

on the work of Kershaw, (p. 56).

During the heat of the day the insects remain hidden at the base of

the upper leaves of the canes. In the late afternoon and evening
(earlier on cloudy days and later on bright days) they come up on to tlie

leaves and start feeding. The males begin to fly at about dusk. Light
traps examined every hour indicate that the greatest activity is from
dusk to 10 p.m. In the early morning they gradually return to their

hiding places in the axils of the leaves, (p. 56).

From 40-100 eggs are laid by each female, either in the dead partly

decaying leaf sheaths near the ground or in the soil itself, (p. 58).

The egg is about one-thirtieth of an inch long, pale yellow in colour
and pointed at each end. As it develops a black longitudinal streak
appears at the head end. The egg stage lasts from two weeks to over
six months according to the conditions of moisture. Many eggs from
the second and third brood, however, do not appear to hatch until after

the following dry season, (p. 58).

There are four nymph stages during which the insect increases in

size and the wings are developed, (p. 59).

The nymphs suck the sap from the roots of the cane at and below
the surface of the ground (PL III). They protect themselves with a
white froth, which consists of the excretion of the alimentary canal in

which air bubbles are formed by an arrangement of the breathing
system. This froth is of considerable protection to the nymph from
extremes of drought and moisture and also from various predaceous ants
and other insects which are often abundant in the cane fields, (p. 60).

The froghopper feeds on sugar-cane, on almost all species of grass
(Gramineae) and on some grass-like plants of the related order
Cyperaceae. It has been reported damaging hill-rice, corn and pastures,
but has never done any serious injury to them in Trinidad, (p. 61).

The nymph stages occu]\y five to seven weeks and the adult may live

as long as a month. The complete cycle under normal wet season
conditions takes slightly under two months, (p. 62).
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Tho first flight of adults is at the end of June or during July, about
seven weeks from the date of the first rains. The second brood is about
two months later, usually in September, and the third may appear after

a similar interval. Very occasionally a fourth brood appears about

December. The later broods are usually less distinct in tlieir limits

than the earlier. During the dry season nearly all the froghoppers are

in the egg stage, but occasional unexplained records are known of adults

persisting through the dry season, (p. 62).

Four other froghoppers of the genus Tomaspis are known in Trinidad.

T. rubra feeds on the Christmas Bush (Eupatorium). T. pubescens

feeds on grass, chiefly in moist spots along river banks, and is an
alternative host of some of the parasites of the sugar-cane frog-

hopper. T. guppyi also feeds on grass but is very rare and local. An
unidentified species is known only from two nymphs found on a creeper

on a forest tree in the mountains. There are also species of the genus

Clastoptera on Casuarina and Hibiscus, and Cephisus sj). feeding

possibly on Immortelle, (p. 63).

THE ENEMIES OF THE FROGHOPPER.
The chief enemy of the eggs is the Vermilion Egg-parasite (Oligosita

giraulti), a minute red Chalcid. Its life cycle is about thirty days and
it can breed during most of the dr3' season when the froghopper itself is

inactive. It is almost certainly native to Trinidad and is not likely to

increase much above its present limits. It probably has some other

host in Trinidad. Abroad it is known from British Guiana to Costa Rica

on various species of froghoppers. (p. 65).

The Trash -Coloured Egg-Parasite {Paraphelinus tomaspidis) was
recorded in 1913 as destroying froghopper eggs, but this habit has never

been confirmed and it is doubtful if it is of any value as a control, (p. 65).

In Panama a new egg-parasite of the genus Anagrus was found..

(p. 66).

Thrips of the genus Haplothrips and ants are known to destroy the

eggs, and eggs are sometimes found filled with a fungus which may have
killed them. (p. 66).

The nj'mph is eaten by some birds but the frothy covering seems to

render them unpalatable to most. They have been found in the

stomachs of the Boat-tail {Quisqualus lugiibris), the Gulden-head
{Agelaius icteroceplialus) and the Manicou-Bird (GeofJtylpis acquinocti-

alis). (p. 66).

The Syrphid fly is the most important enemy of the nymph. It lays

its eggs in the froth of the froghopper, and the maggot, which hatches

in about two days, destroys the nymphs by piercing their skin and
sucking out the juices. One maggot may destroy 30-40 nymphs. The
larval stage lasts nine or ten days and the pupa about the same time.

The complete cycle takes about three weeks. In the moister parts of the

island the fly breeds throughout the year, but in the cane fields it is not
found in the dry season and is seldom common before the second or

third brood of froghoppers. It ranges outside Trinidad from Mexico to

Brazil on various species of froghoppers. (p. 67).

An attempt was made by Kershaw and Guppy in 1914 to breed large

numbers of this fly through the dry season so that they could be
liberated to destroy the first brood in the following year. Owing to the
difficulty of obtaining, during the dry season, enough nymphs for the;

syrphid maggots to feed on, the work had to be abandoned, (p. 69).
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Another parasite of the nymph is the Mermis worm, a Nematode

which is occasionally found coiled up in the abdomen of the nymph or

adult froghopper. It is not common and nothing is known of its

life history or habits, (p. 70).

The Green Muscardine fungus is only rarely found on the nymphs in

the field (p. 70).

The adult froghopper has a long list of parasites and enemies.

Seventeen different birds have been proved to eat adult froghoppers (see

Table IV p. 71). One of the most important of these is the Scissors-

tail Fly-Catcher which migrates to Trinidad from the mainland of South

America at the beginning of each wet season, arriving in May or June

and leaving' in October and November, (p. 70).

Lixards are an important enemy of the froghopper in uncultivated

land but in the cane fields they are generally scarce, perhaps more so in

Trinidad than elsewhere. This has been said to be due to the mongoose,

but agricultural processes, particularly burning the trash, destroy many
hzai'ds. (p. 78).

Cultivation, and possibly also the mongoose, have had a similar effect

in reducing the number of frogs and toads in the cane districts (p. 79).

Two predaceous grasshoppers, Xipliidium and Pflugis, destroy small

numbers of froghoppers, but both are commoner in the traces and
abandoned land than among the canes, (p. 79).

Four species of ants have been found killing froghoppers in Trinidad

and others are known in other countries. Ants sometimes do more
harm than good by carrying off froghoppers that are infected with green

muscardine. (p. 80).

On one occasion an adult of the small luminous beetle, known locally

as the candle-fly or fire-fly {LavipyridcB) was reported eating an adult

froghopper, (p. 80).

Several Soldier-Bugs {ReduviidcB) are known to destroy froghoppers
in Trinidad and other countries. The Mexicfin Bug was one of these ; it

was introduced by Urich but failed to establish itself. Owing to their

varied food it is difficult to estimate the relative harm and good done by
these insects (p. 81).

Spiders, particularly the jumping spiders or Attidce, destroy many
adult froghoppers (p. 82).

The green muscardine fungus is probably the most important natural
agent in the control of the adult froghopper. Under favourable conditions
the greater part of a brood may be killed by it. It is, however, rarely
common on the first brood and with the later broods its prevalence
depends on weather conditions (p. 82),

Attempts to infect fields artificially have been made but so far the
results have not been conclusive. The fungus can, with precautions
be readily produced in quantity by growing on sterihsed rice or similar
media. The spores so obtained are mixed with rice flour and s)3read on
the fields by blowers, or the adults are attracted into the mixture by
light traps. The success or faiku-e of the individual experiment
depends entirely on atmospheric conditions. In unfavourable weather
even the natural infection dies out, while when conditions are suitable
for its spread there is usually sufficient natural fungus present to start
an epidemic. The cost of such treatment is however comparatively
small and on most estates would be repaid by the saving of a few acres
of cane. The method is worthy of furtlier investigation (p. 84).

The Empusa fungus kills the adult froghoppers and fastens them to
the leaf of the cane in exposed situations usually some distance from the
base of the leaf. It is much rarer than the green muscardine and has
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never been recorded before October. It can only be cultivated with

difiBculty and does not lend itself to artificial distribution. On occasion

it has destroyed large nuirbers of froghoppers and infected specimens
are killed more i-apidly than by the green muscardine (p. 86).

Hypek-parasites. Under this heading are included the animals
which destroy the enemies of the froghopper and so allow it to increase.

The mongoose has been held responsible for the increase of the

froghoppei's by destroying their enemies. Comparisons of the food of

the mongoose in districts where it has been long abundant with districts

where it has only recently appeared, do not show any change of diet,

which would be expected if it had been responsible for the

extermination of birds, lizards, frogs and toads. Blight was known
before the introduction of the mongoose and the outbreaks of

recent years have not been correlated with the spread of this animal.

The conclusion reached is that the mongoose, although doubtless

undesirable, and possibly to a very limited extent contributing to recent

outbreaks of pests, is not the cause, nor is it even one of the most
important causes, of the outbreaks of froghopper blight in

Trinidad (p. 87).

The mongoose eats a number of rats and these can climb and have
been found destroying the nests of insect-eating birds.

Birds, lizards, ants, spiders and other general insectivorous enemies
of the froghopper sometimes do harm by destroying its insect

enemies (p. 91).

The spider and grasshopper enemies of the froghopper are destroyed

by fossorial wasps, while the former are also killed by an entomogenous
fungus {Gibellula) (p. 91).

A worm believed to be parasitic, has been found in the pupa of a

Syrphid fly (p. 91).

In Fig. 19 (p. 92) an attempt has been made to show the relation of

the froghopper to its parasites and hj'per-parasites. In the centre the

froghopper is shown and in the first ring round it all its natural enemies
grouped according as they feed on the egg, nymph or adult. In the

outermost ring are the hyper-parasites or enemies of the enemies, and
in the intermediate ring are shown other hosts or foods of the parasites

and hyper-parasites. The arrows indicate that the animal at the tail of

the arrows destroys the animal at the head. A careful study of this

diagram will show the extraordinary complexity of the relationships and

the great difficulty of deciding whether any particular animal is desirable

or undesirable, (p. 92).

THE CANE ROOT FUNGI.

Two distinct kinds of root fungi are found attacking the canes in

Trinidad.

The Marasmius type mats together the lower sheaths of the cane

with a white dried-paste-like mycelium (PL VII) and produces spores on
small mushrooms (PI. VIII). The Odontia-Himantia fungus mats the

lower sheaths of the cane with a feathery mycelium (PL IX) and produces

epores on a rough granular surface growth on the outside of the sheath

(PL X) (p. 93).

Both these fungi can exist in a healthy field of canes living only on
decaying vegetable matter and doing no harm. There is hardly a field

in Trinidad where traces of one or the other cannot be found after a

close search.

Under certain little understood conditions, particularly when the

canes are suffering from other causes, these fungi become parasitic and
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according to the length of time the attack persists. Damage is usually

most conspicuous in dry weather. If conditions become normal recovery
takes place rapidly and diseased canes may throw out quite healliiy

shoots. Root disease is almost always more serious in ratoon canes
than in those recently planted, (p. 94).

FACTORS INFLUENCING THE PREVALENCE OF BLIGHT.
Rainfall. It has been shown in a previous report that the distribu-

tion of the rainfall during the year has an important effect on blight.

(1) Alternation of wet a,nd dry periods during the grovvth of the cane
is an important factor in determining the prevalence of blight.

("2) A long dry season followed by unusually heavy rains in June and
July is frequently connected with wide spread blight.

(3) The most important climatic condition however appears to be
the severity of the "Indian Summer", a dry period in September or
October. A severe Indian Summer is a general condition both of

localities damaged by blight in one year and of years of widespread
blight in one locality, (p. 96).

This effect is brought about in several different ways

:

(1) The effect on the froghopper itself.

(2) The effect on its enemies.

(3) The effect on the cane.

(4) The effect on root disease of the cane.

(1) Except in damp localities, the conditions during the dry season
are below the minimum moisture required for the froghopper to breed.
With the first rains of the wet season all the eggs hatch and breeding
starts. The dates of the broods are determined by the date of tile first

rains. The first brood is about 57 days after the beginning pt the
rains, and the second and third at successive intervals of about 5C days.

The continuation of the rainfall late in the year does not cause the
production of a fourth brood so frequently as might be expected, even
when, as indicated by the large first brood of the following year, many
eggs are present, (p. 102).

(2) The vermilion egg-parasite can carry on at a lo«'er degree of

moisture than that required by the froghopper, and has: been captured
during the dry season in places whure the froghopper has ceased to

breed. The Syrphid fiy disappears in the dry season, and appears to
require a higher minimum of moisture than the froghopper. The severe
fires that occur in prolonged dry seasons destroy large numbers of the
lizards, frogs, toads, spiders, etc. that feed on the froghoppers. (p. 103).

(3) The cane is checked by a severe drought during its growing
period (p. 104).

(4) The root fungus is always more severe in canes suffering from the
effects of dry weather (p. 104).

Contour. Low-lying districts are in general more liable to attack
than hilly ones. In some cases the blight is worse at the top of a slope
than at the bottom, in other cases the reverse is found. This is nearly
always a question either of the distribution of different soils at different

levels or of drainage and surface washing (p. 105).

Soil. An outline is given of the chief types of soil which are found
in the sugar districts of Trinidad. These soils are more uniform in the
north and more confused and irregular in the south. Correspondingly
we find the blight more uniformly widespread over large areas in the
Northern districts and more irregular and patchy in the Southern
districts (p. 106).
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A number of examples are given of the great influence of the soil.

The red soils in the Naparimas are always inore liable to damage than
the black soils. Badly damaged parts of the field are always found to

correspond to patches of heavier poorer soil. Fig. 29 shows a very

sti'iking instance of the way in which the damaged fields on one estate

have been confined to the red soil areas (p. 109).

Chemical analysis of a number of soils of damaged and undamaged
fields show that the undamaged fields are, on an avera.ge, alkaline or

neutral in reaction, with a higher content of lime, carbon dioxide and
humus. The damaged fields were neutral or acid with a lower per-

centage of lime, carbon, dioxide and humus, and possibly a higher

relative amount of SOs (p. 110).

Drainage has considerable influence on the prevalence of blight,

and in fields liable to damage the drainage should be improved wherever
possible. A field in which the drainage had been improved in one-half

showed a distinct line across the field between the unimproved part

that was distinctly blighted and the improved part that was much less

damaged (p. 113).

Manuring. Pen manure is the most valuable natural manure in

use in Trinidad and its effect on the condition of the soil is so

beneficial that every effort should be made to increase the quantity

available. Sheep manure from Venezuela and lagoon mud from the

Oropuche Lagoon are also good, and fields treated with them are

•considerably improved and suffer less from blight (p. 114).

Sulphate of Ammonia is the commonest artificial manure in use but
the acid conditions found in the soils most liable to blight emphasizes the

fact tKat this manure should not be used continuously on soils deficient

in lime (as are most Trinidad soils) without counteracting the effect at

intervals by heavy npplications of lime. (p. 114).

The age of the Cane at the Time of the Attack has a very
important effect. Plant canes in their first year are much less frequently

attacked than ratoon canes. Second ratoons are usually worse damaged
than first ratoons. (p. 115).

There is some evidence that the ensuing crop of ratoons in a field cut

earlier in the year is worse damaged than in a field cut later. The canes
are larger but a relatively greater increase in the number of froghoppers

may take place (p. 116).

Eotation. The system of replanting a field immediately after the old

crop is very undesiralile from the point of view of disease and insect

control. Conditions are most suitable for the insects and diseases to

pass on from one crop to the next. Abandoning the land to whatever
grasses and bush may grow up is little better, as many insects, including

the froghopper, persist in the grass and the abandoned plot is a source

•of danger to the surrounding fields, (p. 117).

Tillage. There is evidence that good cultivation, by loosening and
aerating the soil, not only improves the cane but actually reduces the

number of froghoppers present. Occasionally damage is reported follow-

ing immediately on the use of implements, particularly sub-soil ploughs,

but when one considers the time taken for the development of the

greatest injury, it is usually seen that the damage in these canes would
have appeared whether or not the implements had been used. (p. 118).

Variety. No variety of cane is innnune, but a few are more resistant

than others. "Uba" and "Badilla" are the most resistant, but are unfor-

tunately not generally considered suitable for cultivation (p. J 19).
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Presence of Pests and Diseases. As a general rule 20 froghoppei-^

per stool will produce visible signs of damage, and 50 to 100 per stool

will produce severe damage. Fields in poor condition suffer more froui

a small number of insects than better fields do from a larger infestation

(p. 120).

Root fungi are constantly found in blighted fields as well as various

insect pests of cane which weaken the cane and make it less resistant

to froghopper attacks (p. 120).

A-Uowing for changes in season and age of plants a field attacked one
year is more liable to be attacked in the following year than one
previously free (p. 121).

GENERAL PROBLEMS.
The question of the relative importance of the adult and nympji

froghopper and of the root disease is discussed.

The froghopper is considered as the most important cause of tlie

blight because of (1) its constant presence in blighted areas, (2) the
constant presence of streaks on the leaves in severe blight, (H) the
occurrence of blight in plant canes when no other complicating disease

is present, (4) the variation in time of the first appearance of blight

according to the date of the first brood, (5) the periodicity of tlie

blight (p. 122).

The adult is considered as more important than the nymph because
the blight is never severe until the streaking of the leaves has developed
;ind is at its worst shortly after the greatest flight of adults. Symptoms
of blight have been produced in canes, which have never had nymphs,
by caging on them a number of aJults (p. 12o).

In addition several of the symptoms of blight, including in particular

the narrowing of the cane, have been produced in normal canes l)y

imitating the leaf destruction of adult froghoppers by removing the
greater number of leaves from the cane (p. 124).

The spread of injury in the leaf from the original point of infection

indicates the possibility of some toxin or enzj'me being introduced into
tiie plant (p. 124).

Root disease is considered as playing its most important part after

the froghopper has damaged the cane and particularly after the second
brood, when the damage may cease to bj pGrloJle aiiJ coutiauo tj

increase entirely owing to the effect of root fungi (p. 125).

The attacks of root disease follow on the froghopper attacks which
are the prime cause of injury (p. 125j.

There is no [definite evidence as yet that canes damaged by root
fungi are more attractive to froghoppers. On the other hand the
conditions which lead to root fungus attacks are nearlj' always those
which allow the froghopper to breed more freely (p. 126).

Influence of Environment. A. study of Section IX indicates that
the most important factor in determining the prevalence of blight is the
humidity just above and just below the surface of the ground.

(1.) Extreme drj'ness in dry season tends to increase blight.

(2.) Moderate dx-yness in dry season tends to reduce blight.

(3.) Dry weather in wet season tends to increase blight.

(4.) Normal weather in wet season tends to reduce blight.

(5.) Very wet weather in wet season tends to increase blight.

In Table VII. an attempt is made to explain these facts by the
known effect of moisture on the cane, the root fungi, the froghopper and
its enemies (p. 126).
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It is shown that with excessive dryness both the froghopper and all

its enemies are domnant. so that no reduction in numbers will take

place. At a slightly higher grade of moisture the vermilion egg-parasite

is able to breed and reduce the number of eggs. A.t the third grade the

froghopper can breed and so outdistance the vermilion egg-parasite. At

a still higher humidity both the syrphid fly and the green muscardine

fungus come into play and reduce the froghopper, while the heaviest

rains do not affect the frogjiopper, but reduce its enemies and have an

injurious effect on the canes (p. 128).

Size of Broods and Periodicity of attacks. There is no definite

relation between the size of the broods in one year. Sometimes the first

is the largest and sometimes the smallest. The second, is as a rule,

that by which most damage is caused. Frequently the third brood is

very small after a large and injurious second brood. More accurate

study of conditions may lead to an explanation of these facts (p. 1'29).

No adequate explanation is available to explain the periodic recurrence

of severe blight at intervals of three or four years {see fig. 7). It is

possibly connected with the cycle of agricultural operations, (p. l.SO).

The froghopper appears to have been more serious wi'hin the last

fifteen years than formerly. This is the case not only in Trinidad but

in other countries and with other insects besides froghoppers. It is not

considered that either the introduction of the ixiongoose or the develop-

ment of seedling canes are responsible for this increase. It is more
likely part of a wider influi-nce of the spread of civilisation, population,

a) id cultivation in a country' which has not yet worked out for itself

reliable rotational methods of agriculture to combat the disadvantages
inherent in Man's artificial method of planting large areas with the same
crop (p. 130).

CONTROL.

With tropical crops, and particularly with sugar-cane, methods of

prevention are more practicable with most pests than methods of cure.

With the froghopper the most important preventative consists of getting

the soil and the crop into such a condition that a less suitable environment
for the breeding of the froghoppers is produced.

Soil Impkovemext. The drainage should be improved wherever
practicable ; on the fiat lands the drains should be run as close together
as is economically possible and they should be kept in working order
even on lands temporarily abandoned (p. 132).

M.\NURING. Nearly all lands in Trinidad require more pen manure
and more lime. The shortage of labour should produce an increased
demand for animal cultivation and these animals will produce pen
manure. Artificial manures are best used in cases of blight only where
the land is good, but sufiering from an outbreak owing to temporary
unfavourableness of other conditions (p 133).

Tillage. Every opportunity should be taken to improve the tilth

and depth of the surface soil by careful tillage. Fields should when
possible be laid out to correspond with soil changes so that the tillage

necessary for one part will not be injurious to the other (p. 133).

Selection of Varikties. There is so little difference in resistance
between different varieties, with the exception of "Uba" and "Badilla",
that the planter, unless he is willing to grow one of these two, is

best guided in his choice bj' other circumstances than the prevention of

disease (p. 134).



SUMMARY. 161

Reduction of Ratooning. Only plant and 1st ratoon canes should
be grown on lands which have shown themselves constantly liable to

blight, until the soil can be worked up into a batter condition by more
frequent cultivation and manuring (p. 184).

Rotation. This is is one of the most important methods of soil and
cultivation improvement, which sooner or later 'Trinidad will be forced

to adopt. Sugar countries in other parts of the world have already
worked out systems and examples will be found on p. 135.

As rotation crops pasture, corn, guinea grass, and upland rice have
been suggested but, all being OrnminecB, they suffer from similar pests
and the froghopper and root disease are not eliminated (p. 136).

The best rotation crops are Leguiiiinosce of which many have been
tried. Bengal beans, cow peas, and sword beans in particular have
shown signs of being adapted to use as cover crops (p. 137).

Among the non-leguminous crops, yams and sweet potatoes are the
best, as they ensure good cultivation of the ground and produce a
financial return (p. 137).

On good lands a crop of peas, beans, or sweet potatoes could be
grown between the cutting of the canes and replanting later in the same
year.

On poorer lands a crop of yams, or beans followed by sweet potatoes
could be grown after the cutting of the crop, and the field replanted as

crop plants early the next year.

On the poorest land a crop of yams or cassava could be grown for

the remainder of the year after cutting and a leguminous crop the following

year, followed by the cane plants in the fall (p. 138).

Direct Control. De:-truct%on of Eggs. Removal of the dead leaves
from the cane will remove many of the eggs, but the trash so
removed must not be left in the fields but should be carried to the pens.
The trashing to be of any value as a control must be done when the
greatest numbers of eggs are in the trash, which is about ten days
after the height of a brood. Neglect of this will render the operation
valueless. Trials have shown that there is little if any chance of

the survival of eggs in trash carried to the pens and distributed as pen
manure some months later (p. 188).

Weeding has a similar but less important effect and to be of any use
must be done at the same period (p. 139).

Burning destroys a certain proportion of the eggs of the froghopper,
but also many of its enemies and much good vegetable matter which
would have formed humus. As little burning as possible should be
cai'ried out (p. 139).

Spraymg has been recommended but is not practicable (p. 140).

The nymphs may be reduced by weeding and in some countries, but
not in Trinidad, by flooding the land (p. 140).

Spraying for nymphs has been recommended, but no reliable cheap
liquid has yet been discovered. The cost of the method, even with a
cheap spray, and the labour required to distribute it are much against

its general adoption (p. 140).
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The nymphs can be cruslied in their fi-oth or hand collected by gangs
of children, but both methods are expensive and only possible on a small
scale.

The adult froghopx>ers are sometimes collected by hand, but this is

laborious (p. 143).

Spraying with kerosene emulsion has been recommended by Gough,
but no field trials have ever been made (p. 148).

Light traps catch large numbers of adults, but only about 1 per
cent, of these are females. Bright lamps are but little more attractive

than oil lamps, and green and red lights are found to attract fewer
adults than white, and no greater percentage of females. Lights
near the ground are more successful than if placed two to four feet up.

Other insects are destroyed by the lamps, Lmt on the whole more are
injurious than useful. The light traps may be used for the spread of the
green muscardine fungus, but the method suffers from the limitations
due to the effect of weather on the spread of infection (p. 148).

The adult froghoppers can be caught in very large numbers by the
use of nets ' in the late evening and early morning when the adults are
sitting on the grass and cane leaves. Nets have been designed drawn
by njules in order to cover the ground rapidly in the limited time
available. Experiments are being continued on this line (p. 146).

Natural Enemies can be encouraged to a limited extent by providing
trees for birds to nest in, and by stopping all unnecessary burning. At
the same time the froghopper is a native insect and its enemies are
probably on the average as efficient as they are ever likely to be (p. 147).

If the search for new enemies in other countries is again carried out
it must be recollected that it is a long and uncertain process. New
enemies are more likely to be found outside Central America, and Africa
is suggested as a likely place. At least two men should be engaged in

such a search, as results will be obtained sooner and there is less likeli-

hood of failure (p. 147).

Several possible tyjDes of new enemies are indicated (p. 149).
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