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Toxaemias of plants caused by insects may be defined as those 
induced by the secretion of substances by the insect which are toxic 
to the plant cell, which do not increase in the plant tissue and which 
cause injuries distinct from those arising from traumatic injury 
incident to the insect's feeding. With the exception of the gall 
formers which include insect species in several orders, all the in- 
sects referred to in this review are sucking insects and belong to 
the Homoptera and Hemiptera. 

To classify the phytotoxaemias of insect origin is merely to list 
them in an ascending order of complexity, but this may serve a 
useful purpose even if it only emphasizes the extreme diversity of 
type encountered, with no more relationship between contiguous 
items than might be found in the items of a chemical catalogue 
arranged alphabetically. 

The simplest type is that represented by the various forms of 
leaf-spotting where the spot is localized at the insect's feeding point. 
Many of these spots are undoubtedly due to the withdrawal of cell 
contents and it is difficult to determine to what extent this with- 
drawal and traumatic injury contribute to the symptoms. There 
is, however, a close intergrading between such spots and those 
spots where the visible injury spreads from the point of feeding to 
produce a round or irregular margined spot, frequently of consider- 
able size, which is dearly due to a diffusion process. The associa- 
tion of spotting with specific insects is one of the significant data 
leading to the conclusion that injury to the host plant is due to the 
introduction into the plant of specific secretions by the insect. 

Injuries characterized principally by tissue derangements are 
perhaps the most commonly encountered phytotoxaemias, and the 

x Published with the approval of the Director as Miscellaneous Paper 
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insect species responsible are found in several families of the 
Homoptera and Hemiptera. In this group are found the leaf 
curlings due to aphis feeding and the injury by mirids (capsids), 
including the complex of injuries associated with the several species 
of the genus Hdopdtis, wherein the local injury is followed by 
more or less systemic injuries at points well removed from the 
original point of entry of the toxic element. Perhaps, strictly 
speaking, galls should also be included in this category although 
these are so diverse and are produced by  so many unrelated groups 
of insects that they could, quite properly, be considered in a cate- 
gory of their own. Even such a category, however, would require 
many subdivisions if classification per se was an objective of this 
review. 

Notable among the more complex types is that exemplified by 
froghopper blight of sugar cane in which a distinct local lesion is 
followed by pronounced systemic effects. Finally are to be 
considered those cases where no local lesions occur but where the 
effect is systemic as in psyllid yellows of potato and tomato and 
mealybug wil t of pineapple. 

LEAF SPOTTING 

Spotting of leaves by leafhoppers is specific for the five species 
of Empoasca studied in comparison with Ernpoasca fabae (Harris) 
by Smith and Poos (221). All these five species, E. bi[urcata 
DeL., E. erigeron DeL., E. filamenta DeL., E. abrupta DeL. and 
E. maligna Walsh, are primarily mesophyU feeders and the result 
of their feeding is a definite stippling on the upper surface of the 
leaves which is characteristic for each species; whitish spots are 
produced on the upper surface of the leaves that are fed on from the 
lower epidermis. The cell walls of the spongy mesophyll and the 
palisade layers are torn, and the cells emptied of their contents and 
in some cases even large portions of the cell wall disappear. 

It is difficult to understand how these changes could be accom- 
plished without the introduction of some digestive secretion but 
the authors conclude that the injury, is largely mechanical. Smith 
(223) in studying the feeding of the leafhoppers Eupteryx auratus 
Liv. and Zygina paUidifrons Edwards, found intact cells devoid of 
contents and concluded that the white spots, typical of jassid feed- 
ing, are due to the destruction of chlorophyll by the diffusion of the 
salivary secretion through the cell wall. 
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Home and Maxwell Lefroy (112) using Eupteryx atropunctata 
Goeze, Chlorita viridula Fall (? C. solani Koll.), described the 
destruction of chlorophyll and assimilator), tissue in the white 
spotted area. DeLong (55) illustrates a comparison between E. 
fabae and E. abrupta. The latter species produced a speckled 
white appearance over the entire leaf as a result of chlorophyll 
losses. 

When differences between nymphal and adult feeding of the 
same species are found, it is evident that injury cannot be ascribed 
to mechanical causes. The work of Fenton (73) and of Car- 
penter (27) on Eutettix strobi Fitch is an interesting case in point. 
Fenton showed that the characteristic crimson spots caused by 
E. strobi on pigweed (Chenopodium, album L.) are produced by 
the nymphs, but not by the adults, and that these spots appear not 
less than 24 hours after feeding has commenced. Carpenter, con- 
tinuing the study of the same insect, showed that these spots varied 
in size. When a single nymph made a number of spots on a single 
leaf they were small, not bigger than the size of a pin point, but 
when a nymph remained feeding in one place a single, much larger 
spot was produced. This spotting is evidently preliminary to a 
curling and stunting of the leaves with subsequent death. The 
ability to spot the leaves increases with the age of the nymphs, and 
the observation of Fenton with respect to the inability of the adults 
to produce these spots was confirmed by Carpenter. 

In Hawaii Empoasca solani DeL. produces the typical stippling 
effect on the leaves of Amaranthus species, but on castor bean and 
some other hosts the effects are typical of E. fabae feeding and 
hopperburn, as will be discussed later in this paper. 2 

The aphid Toxoptera graminum Rond., produces pale yellow 
spots with reddish centers on oats and other graminaceous plants 
and according to Wadley (247) this is due to injections of an 
enzyme-like substance. 

The preliminary symptom of Helopettis damage to tea leaves 
and to cacao fruit is a round reddish-purple spot. 3 The fact that 
local spotting may appear as a precursor of more serious damage to 
plant tissue does not necessarily mean that the secretions responsible 
for the local lesion are those causing the later damage, and the 

2 Author ' s  observat ions .  
8 Material illustrating this was demonstrated to the writer by Iz. de Haan 

at the Proefstation, West Java, Buitenzorg. 
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spotting by E. strobi and Hdopeltis are mentioned here on that 
account. A single sucking insect species may produce more than 
one secretion with entirely different effects, or may produce two 
entirely separate types of lesions. 

The rhododendron lacebug, Leptobyrsa rhododendri Horvath, 
is also a ease in point. The insect is a mesophyll feeder and the 
chief damage is caused by emptying the palisade cells of their con- 
tents, but two types of lesion are produced. The first and more 
common type is a whitish or pale yellowish spot which does not 
increase in size and which is caused by active and repeated probing 
of the stylets within the palisade layers of the leaf. The second 
type of lesion is a dark brown spot which spreads outward from 
the point of insertion of the stylets as long as the insect is feeding, 
but the spread is very slight after the stylets are withdrawn. 

Lesion 2 is of less frequent occurrence than lesion 1 and is pro- 
duced by a non-probing feeding method which enables saliva to 
spread to intact cells without mixture with cell contents. Brown- 
ing of the leaf tissue can be accomplished by scratching with a 
needle, but it occurs with much greater speed when produced by 
bugs, so it is almost certainly the result of the action of the saliva. 
The absence of this browning in lesion 1 is probably due to the 
fact that saliva is mixed with the contents of the ruptured cells, 
and is sucked out of the leaf before it has an opportunity to spread. 
Vascular bundles are only accidentally pierced and never become 
plugged as the result of salivary action, neither are styler sheaths 
easily demonstrable. 

According to Sloeock (215) the discoloration in general is caused 
by a toxin which the insect injects. Johnson (125) accepts this 
explanation only in the case of lesion 2, and even then makes the 
qualification that the browning of the cells may be due rather to the 
effect of the oxidases in the leaf than to an injected extracellular 
oxidase. 

The distinction between a direct toxic secretion and one in which 
the toxicity results from disturbance of the normal enzymatic func- 
tions of the plant cells is perhaps a fine one, but important never- 
theless in suggesting that toxicoses may arise not only as the result 
of injection of actually toxic material, but also as a result of the 
injection of material which may eatalyse abnormal reactions which 
may have toxic effects. 
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With respect to white fly (Aleyrodidae) feeding, Baker (7) 
states that this does not injure the mesophyll cells in which the 
setal secretion is laid down. These cells become enlarged, oedema- 
tous and devoid of chloroplasts. The reaction of this secretion 
appears to vary with different species of white fly and different host 
plants. 

The spotting of leaves by the Coccidae is frequently encountered. 
Diaspis bromeliae (Kern.) on pineapple, produces a circular, 
chlorotic area which extends beyond the margins of the scale if 
feeding is prolonged. On rare occasions the circular, chlorotic 
spot is two or three times the diameter of the insect and obviously 
indicates a diffusion from the point of entry. A Diaspis species, 
probably bromeliae, producing chlorotic spots approximately one 
centimeter in diameter was observed by the writer in Fiji (43). 

The spotting of pineapple leaves by Pseudococcus brevipes 
(Ctdl.) has been described by the writer (33). The chlorotic 
spots, usually with irregular margins, and the result of long feeding 
by the insect and often by a number of individuals feeding in one 
place, appear to be similar to the general type of spotting already 
described in which the chloroplasts are degenerated. Cell walls are 
thickened in the chlorotic area, the thickening being more pro- 
nounced in the center of the area and reduced at its periphery. 
Within the area of pronounced cell wall thickening ~ the cells are 
full of a homogeneous non-granular substance which takes a slightly 
less dense stain than the thickened cell wall. 

The green spotting which this same species of insect makes, is in 
an entirely different category. In its most typical form it is bi- 
zonate with a deep green central zone and a lighter green outer zone, 
the outer zone being, however, deeper green than the surrounding 
non-spotted area of the leaf. This type of spot, which is un- 
doubtedly a strictly localized secretion effect, is probably due to a 
complex of secretions, one of which diffuses further than the other. 
There is no evidence of thickening of cell walls, emptying of cell 
contents or dissolution of chloroplasts; on the contrary, the typical 
condition is a hyperplasia with enlargement and increase in the 
number of chloroplasts. This can be seen most clearly in a green 
spot which is being formed at or near the junction of the white and 
green tissue at the base of the leaf. There the chloroplasts are 

4Incorrectly stated as "vein thickening" in the original paper (12), 
p. 247. 
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clearly formed within the green spotted area, while the normal 
white tissue surrounding it contains no visible chloroplasts. A 
green spot retains its identity as long as the leaf is alive and in its 
later stages becomes a raised, welt-like area, due to the shrinking 
of the otherwise normal tissue ai'ound it. 

In Hawaii there is a clear association between the symbiont flora 
of the mealybug and its ability to produce green spots. The green 
spotting strain contains within its mycetome a large rod-shaped 
symbiont which is absent from the non-green spotting strain. A 
short coccus rod, found in the non-green spotting strain, may be 
the rod-shaped symbiont in a polymorphic form and the finding, 
very rarely, of what appeared to be intermediate forms is a datum 
in support of this hypothesis. Whether the coccus rod in the non- 
green spotting form and the large rod of the green spotting form 
are phases of the same organism is not proved by any means, but 
the association of these two forms with their respective mealybug 
strains has been clearly demonstrated (35, 37). The findings by 
Ito (116) that the non-green spotting mealybug is an obligate par- 
thenogenetic, and the green spotting mealybug an obligate bisexual 
form, increases both the interest and the complexity of these rela- 
tionships. In other parts of the world green spotting, sometimes 
typical and sometimes not, has been found by the writer (43) with 
sufficient frequency to indicate that more than one strain of P. 
brevipes or even very closely allied species of mealybugs may be 
responsible. Whether the spotting is all of the same type would 
require comparative studies difficult to make in view of the wide 
area over which the insect is found, and the necessity for study of 
fresh material. 

TOXIC EFFECTS OF FEEDING BY MIRIDAE (CAPSIDAE) 

The injury caused by some species of mirids is specific. That 
by Plesiocoris rugicollis Fall. and Orthotylus margi~udis Reut. was 
described by Fryer (84). The areas around the insect punctures 
are seriously injured, the leaves become covered with red or brown 
spots, the shoots are stunted, particularly at the terminal shoot, and 
there is an excessive production of lateral twigs. Attacked fruit 
is deformed, with rough discolored areas; it cracks at the original 
puncture points and later develops corky tissue. Such fruit usually 
drops prematurely. 
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Petherbridge and Husain (186) found that P. rugicollis was 
the only mirid which caused any serious injury to apple trees, four 
other species being responsible for only negligible damage. This 
was confirmed by Smith (222) who investigated the nature of the 
injury and came to the conclusion that neither mechanical injury 
nor transmission of bacteria could account for the damage, but that 
the insect injected a violently toxic secretion. Smith conducted 
experiments on the toxic effect of excised salivary glands and 
found a definite correlation between the effects produced by these 
glands on potato tissue and tissues of apple buds and the injury 
caused by the living insect. Injection of glandular material from 
insects normally living on apple, but not damaging it, produced no 
noticeable effects. It is unfortunate that this study, which appears 
to represent the earliest attempts at an experimental approach to the 
question of toxicity of insect secretions, has not been developed 
more fully by workers in general. Petherbridge and Husain (186) 
also found by comparing the stylets of the species of mirids studied 
that similarity between these would militate against any theory of 
specific mechanical damage. In the case of P. rugicollis early 
injury occurs in the mesophyll and dead mesophyll may be present 
under healthy epidermis and the damage therein may spread for 
some time after the feeding has taken place. The same authors 
also presented what seems to be a fundamental premise, that these 
salivary injections of a single insect species may cause different 
reactions in different species of plants, varietal susceptibility being 
exhibited by some plant species, and immunity by others. An 
interesting corollary to this, namely, that insects feeding on a 
specific plant species, or even on a-specific nutritional state of such 
a plant species, may develop secretions which are specifically toxic 
to that same plant species only, will be discussed later in this paper. 
Knight (133) suggested that the type of wound made by apple red 
bugs ( Lygidea medax Reut. and Heterochordylus malinus R~ut.) 
in their feeding was characteristic for the species and therefore 
probably due to the effect of some insect's secretion. 

Smith (224) believes that the saliva of the Miridae is the most 
toxic to plants of any sucking insects. He accounts for the infre- 
quency of virus transmittal by this group with the hypothesis that 
the saliva is so toxic and causes such profound chemical changes 
in the plant that viruses cannot be successfully introduced, since 
they require to be introduced into living cells. 
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Roberts (207) discussing the tobacco mirid (Engytatus volucer 
Kirk.) in Rhodesia describes one of the few instances where macer- 
ated tissues of the insect cause symptoms comparable to those ob- 
tained by the insect's feeding, in this particular case, a rolling and 
puckering of the leaf surface due to contraction. This is brought 
about by the action of the insect's saliva which spreads into the 
neighboring ceils from the seat of the original puncture. Injuries 
are most severe on plants growing in poor soils or under conditions 
that reduce the vigor of the root system. 

The injuries caused to cotton by mirids present additional evi- 
dence that their feeding is toxic to the plant. Although specific 
mirids vary in the injury they cause to cotton, they do, in general, 
produce the same type of injury even though in varying degrees. 
Psallus seriatus Reut., the cotton fleahopper, is the most important 
mirid pest of cotton with Lygus pratensis L., the tarnished plant 
bug, coming next in importance. Damage to cotton is expressed 
by a shedding of the squares, a decrease in the length of and an 
increase in the number of internodes, and swellings which may 
occur at intervals over the entire plant. Ewing (63) and Painter 
(181) agree that the swellings on the plant, which develop to the 
typical split lesion of the damaged cotton plant, are local in their 
extent and do not affect the tissues for more than 5 mm. from the 
point of puncture. The apparent systemic effect observed on 
cotton is due, according to Painter, to the frequency of these local 
lesions, which may be so great as to cause swellings over the entire 
plant. Painter (181) obtained typical split lesions by injections of 
macerated cotton fleahoppers and in a test with a number of com- 
mercial enzymes obtained somewhat comparable results by the in- 
jection of diastase. Painter also observed the apparent fixation 
of the normal red pigment on the cotton leaf at the point where the 
insect had fed. At these points the red pigment was insoluble to 
the action of Carnoy's solution, whereas it was dissolved out of a 
normal leaf. A comparable effect was obtained with diastase after 
soaking a leaf in a diastase solution. Failure to obtain this same 
result with crushed leafhopper suspensions was ascribed to the 
dilution of the maceration. It might well be pointed out here that 
successful results following injection of macerated whole insects 
indicate an extremely stable toxic element, for any other type would 
probably be inactivated by the admixture of miscellaneous corn- 
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pounds from the numerous organs of the insect's body. Negative 
evidence following such injections is not by any means conclusive, 
for it is probable that the more specific a secretion is, the more 
unstable it will be. 

King and Cook (132) experimenting with the feeding of 10 
different species of insects on cotton concluded that the feeding of 
all the species resulting in the same type of internal injury and in 
lesions that split open, seemed to be a matter of degree of injury 
rather than a specific injury of another kind. It is interesting to 
note that the species which caused the greatest percentage of 
external or split lesions (Poeciloscytus basalis Reut.) is one seldom 
found on cotton, which illustrates how a new disease may arise as 
the result .of a change of host plant preference on the part of a 
toxicogenic insect. In view of the fact that some authors have 
attributed damage of this nature to the stylet sheath left by the 
feeding of many sucking insects, the datum in this paper on this 
point is of interest, since only three of the species used, namely two 
jassids and one membracid, produce a well-defined sheath. No 
sheath material was found about the punctures made by mirids and 
the rupturing of cells was minor. These authors concluded that 
the damage was due to a toxic injedted material rather than to a 
transmittable disease, because of the fact that the injury caused was 
similar for all of the species. The relatively minor role of P. 
seriatus compared with L. pratensis in producing the split lesions 
in this test requires some explanation in view of the findings of 
other authors. Ewing and McGarr (64) conducting cage experi- 
ments in Louisiana with jassids, found no appreciable injury caused 
by them, whereas three mirids tested, P. seriatus, L. pratensis and 
Adelphocoris rapidus Say, produced typical injury. McGarr (157), 
confirming the role of the Miridae in causing the typical injury on 
cotton, found that six other mirids, not normally feeding on cotton, 
produced the same type of damage when caged thereon. 

The cat-facing of peaches appears to be a case of a specific injury 
arising from the feeding of L. pratensis (200), but whether or not 
the result of mechanical injury does not appear to have been de- 
termined; it would seem to depend on the criteria established for 
toxic feeding. If  sucking insects of approximately the same size 
and with the same general method of feeding produce specific 
pathological effects on the plant tissue, it would seem to be a safe 
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deduction that the specific nature of the injury is not due to me- 
chanical differences in the puncturing process bttt rather a reaction 
to a specific secretion. The development of a technique for the 
micro-chemical determination of insect secretion in a standard 
medium would go far towards settling this particular question, 
which is a fundamental one in the subject. 

A potato wilt is associated with L. pratensis. Leach and Decker 
(142) have shown that two weeks' feeding by tarnished plant bugs 
on the stems of potato plants will produce a characteristic wilt. 
When the bugs are removed after two weeks' feeding, a marked 
chlorosis appears in the terminal leaves three weeks later. Ten 
days after this the stems wilt in a typical fashion. The importance 
of this 'finding lies in the fact that systemic toxic effects of insect 
feeding are relatively rare and have not been previously recorded 
from the Miridae. In this case there is evidence of the diffusion 
of the toxic principle since the insects were allowed to feed only 
on the stems. Leach advises, 5 however, that the disease as known 
in the field was suspected o f  being a virus: the symptoms described 
above resulted from greenhouse experiments and are ascribed to 
an aggravated form of tarnished plant bug injury. 

Leaf crinkle of the vine ~used by Lygus spinolae Mey. has 
been recorded from Europe (86). 

So-called froghopper damage, not caused by froghoppers but by 
unnamed species of jassids and a mirid, is reported by Ripley 
(204) as causing malformations on young wattle trees. The bugs 
feed on the leaves where the injected saliva produces dead spots, 
resulting in the withering and shedding of the leaves. When the 
terminal leaf bud is attacked, a witch's broom or cluster of leaders 
is produced instead of a single shoot; this finally causes a crook 
in the timber, as the dominating leader does not exactly follow the 
line of the original trunk. Serious injury only occttrs when trees 
more or less weakened by drought or injury to the roots are at- 
tacked by large numbers of the insects. Fertilized trees suffer less, 
owing to their increased canopy and vigor, although occasionally 
the witch's broom is more luxurious in its growth (205). 

At least seven species of the mosquito bug (Miridae) genus 
Hdopeltis have been recorded as injurious to a considerable 
number of economic crop plants in India, Java, Ceylon and 
the tropical African countries of Nigeria (145), Tanganyika (105), 

5 Personal communication. 
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Nyasaland (144), French Equatorial Africa (170) and the Belgian 
Congo (231). The insects have been known for many years pri- 
marily as pests of tea but cacao, cinchona, cotton, mango, avocado, 
nim (Mdia azedarach L.), kapok, black pepper, cinnamon, camphor 
and rubber have all been recorded as being attacked. 

The typical lesion caused by these insects is a circular red spot at 
the point of feeding which, on leaves, ultimately causes necrosis and 
withering. This symptom appears to be typical of all the species 
of insects concerned. Within recent years, however, it has been 
shown that the widely distributed stem canker of tea; stem canker, 
leaf spot, anthracnose and "blackarm" of cotton; stem canker, 
angular spot, fruit scab and fruit rot of mango and black scab of 
avocado are caused by the feeding of this insect, although previously 
they had been attributed to fungi. In one case, that of nim, the 
symptom resulting from the insect's feeding is described as wilt. 

The feeding of this insect has been studied by Cohen-Stuart 
(46), who in 1922 showed that the proboscis of the insect penetrates 
to the vascular bundle and that the penetration is associated with a 
large area of killed and collapsed tissue. The exact puncture is 
visible only in preparations made immediately after the attack. 
De Jong (52) confirmed these findings and noted that the greater 
the concentration of the carbohydrates in the leaves the smaller was 
the discolored area. Smee (216) working with tea, found that a 
small brown patch only resulted unless feeding was continued for 
a long time, in which case the leaves became dry and brittle within 
three days. Leach (143) showed that the primary lesions could 
be recognized on mangoes before the feeding of the insect had 
stopped, indicating an extremely active feeding process. On mango 
stems, cankers followed when the insect's stylus ended in the peri- 
cycle parenchyma. On fruits, scab lesions resulted when the stylus 
penetrated to the middle skin, and when penetration to the inner 
skin was achieved, rot lesions occurred. The development of 
symptoms following Helopeltis feeding is much more rapid than 
that of fungus or bacterial infection and this datum appears to be 
the principal support for the numerous suggestions in literature 
that the secretions are toxic. This rapidity of feeding is, of course, 
associated with extremely extensive damage by a small population 
of Helopdtis. Smee (216) has estimated that four to six Helo- 
peltis can destroy one pound of green leaves during their develop- 
mental cycle and that one bug can destroy two shoots of three leaves 
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and a bud each per day, and in Java the writer has seen young tea 
shoots completely covered with red, discolored feeding areas result- 
ing from the feeding of one nymph for one day. According to 
Smee and Leach (217) the damage varies with the developmental 
stage of the bug, this vastly increasing as the insect approaches 
maturity until one individual eventually has the capacity to kill a 
single shoot in one night. 

Environmental factors favoring outbreaks have been referred 
to by several authors. Roepke (208) reported that the insect can, 
on occasion, stand long droughts although it is generally recognized 
that during dry seasons, populations of HeIopeltis become very low. 
Smee (216) found a measure of correlation between outbreaks and 
seasons of many rainy days, particularly in November and Feb- 
ruary. De Jong (50) accounted for the relative freedom from 
Helopeltis damage in eastern Sumatra by pointing out that a strong 
mountain wind with very low humidity was probably a limiting 
factor and that there the insect only developed in the protection of 
fairly dense shade. Later, however (53), he reported that Helo- 
peltis increases in the shade where the ground is already rich in 
organic matter and shelter against wind plays no part, but decreases 
if the shade trees enrich a poor soil and shelter the tea against 
wind. The same author has the interesting suggestion that increase 
of Helopeltis during the wet season may be due to changes in the 
plants, which favor the reproduction of the insect. The concept 
of the interrelationships between plant status and Helopeltis nutri- 
tion has been a dominant one in Helopeltis studies, and a thoroughly 
documented inclusive study of the subject would be of great funda- 
mental value. 

Leefmans (146, 147) has found a relationship between altitude, 
species and damage. Under 4300 feet H. antonii Sign. injures 
both tea and cinchona. Above that altitude a darker variety of 
antonii is found which prefers cinchona but does no serious damage 
to it. Cinchona grown near tea below the 4300 line, however, pro- 
vides a dangerous neighbor for tea, in view of the capacity of the 
insect to reproduce on cinchona. The system of alternate pruning 
(17, 87, 241, 242) and the Pegat system of interspersed green 
manure crops (88) are interesting practical applications of data on 
the response of the insect to environmental conditions. When tea 
plantations are pruned in alternate strips of approximately 10 feet 
width, the development of the insects in the pruned areas is very 
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much reduced, and these pruned areas also constitute a barrier 
through which Helopeltis will not move freely from foci of 
infestation. 

According to van Hooff (242) the alternate pruning method 
interferes with the negative phototropic habits of Hdopeltis. Ber- 
nard (13) pointed out that freedom from rust is essential if alter- 
nate pruning is carried out but agrees that the method is successful 
if the insects are confined to certain foci of infestation and not 
generally distributed throughout the plantation. According to de 
Jong (53), however, the factors influencing infestation by the 
insects run parallel to those affecting infestation by the fungus, 
so that practices used to control the red rust will make the plant 
less susceptible to attack by Helopeltis. 

The Pegat system of control consists of planting green manure 
plants between the tea rows. Feuilletau de Bruyn (79) suggests 
that the isolation of Helopeltis infestations in this manner results 
in degeneration of insects through inbreeding, but this explanation 
seems unlikely unless the isolation is absolute, a condition which 
could hardly be expected. Hart (107) considers that the green 
manure crops may produce substances unfavorable to the develop- 
ment and reproduction of Helopeltis, or may strengthen the tea by 
a manurial effect. The green manure plants used in this method 
of control, however, must not be Helopeltis hosts. For that reason 
lamtoro (Leucaena ylauca Benth.) is superior to Tephrosia for 
this purpose. Albizzia as a green manure crop should not be used 
on account of its association with large populations of Helopeltis 
(61). 

The factors affecting the susceptibility of the tea plant to Helo- 
pdtis damage have received considerable attention. There is gen- 
eral agreement that soil conditions affect susceptibility to an extreme 
degree. According to Smee (216) a soil condition unsuitable to 
the plants increases the latter's susceptibility. Light (150) concurs 
that serious defoliation only occurs in plants in poor condition. 
Smee and Leach (217) described water-logged hollows, slopes with 
underlying water pans and sites surrounded by bush, as primary 
susceptibility factors. Anstead and Ballard (6) also stressed the 
factors of drainage and malnutrition of the plant when the original 
topsoil had been lost. Contributions of Andrews and his associates 
to the question of soil factors and susceptibility to Helopeltis are 
of great interest. According to Andrews (1) mosquito blight was 
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less on soils with a high ratio of available potash to available phos- 
phoric acid. Carpenter and Andrews (28) showed that the vigor 
of the plant depended on soil conditions, and that a vigorous plant 
suffers little from Helopeltis attack. Andrews (2) confirmed his 
previous conclusions with regard to the factor of the potash-phos- 
phoric acid ratio, and in addition demonstrated that by direct injec- 
tion of tea bushes with potash, the increased potash quickly freed 
the bush from any infestation by Helopeltis. That this was due 
to the production of an unfavorable food supply was indicated when 
new arrivals to the treated bushes abandoned their attempts at 
feeding and migrated to untreated bushes in the vicinity. Potash 
applied to the soil gave very irregular results, since some soils 
evidently rendered the potash unavailable. Andrews (3) showed 
that the ratio of potassium to phosphoric acid in the leaf produces 
increased resistance to attack by Helopeltis, and that the addition 
of potash to the soil had actually increased that ratio. 

No results were obtained with any other elements, although it 
would be of great interest to learn the relationships of the minor 
elements to susceptibility in view of the importance that is now 
ascribed to minor elements in work done since Andrews' publica- 
tions. Andrews recognized that local soil conditions materially 
affected the response to treatments, so that the failure to achieve 
similar results in southern India and other places with entirely 
different soil conditions is not surprising. The important thing, 
that the nutritional status of the plant definitely affected the insect's 
ability to feed on the plant, seems to ha ~ been well-established, and 
it is quite conceivable that in other locations a similar nutritional 
relationship might be established, even though different elements 
may be involved. Andrews himself in 1923 (4) pointed out the 
influence exerted by soil drainage and aeration on susceptibility. 
Continuous water-logged conditions and increased soil acidity led 
to greater liability to serious attacks. Tea trees of different species 
might well produce a different soil aeration due to the development 
of their root systems. 

In a study of three districts Andrews found "That there is a 
correlation between the ratio of available potash to available phos- 
phoric acid, between the percentage availability of the phosphoric 
acid, between the value of the ratio of available potash to available 
phosphoric acid for a given percentage availability of phosphoric 
acid, and between the soil acidity of the soils of the three districts, 
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and the varying degree in which the gardens situated in the three 
districts suffer from attack. No relation can be traced between the 
total quantities of potash and phosphoric acid present in the soil 
and the incidence of the pest." 

It was concluded that the chemical composition of the leaf was 
controlled by some factor which could not be shown by the usual 
methods of soil analysis, and that the transient effect of potash 
application was in some way due to the operation of this factor. 
If  a constant supply of soluble potash was provided, serious infesta- 
tions of Helopeltis are thrown off and immunity maintained for 
the rest of the season. 

The factor of nutrition has been shown to be of significance in 
what is termed the suitability of the host plant for the insect. De 
Jong (51) showed that female Helopeltis feeding on sugar-rich 
leaves lay fewer eggs than when feeding on leaves of low sugar 
content. The same author also described an interesting inter- 
relationship between the mealybug Pseudococcus lilacinus Ckll., 
the sugar content of the plant, and Helopeltis. The high sugar 
content leaves increase P. lilacinus colonies, which in turn increase 
the activity of the ants and decrease the activity of Helopdtis. On 
the other hand, low sugar content leaves are unfavorable for P. 
lilacinus colonies, with the result that ant activity is very much 
decreased and Hefopeltis populations usually high. When this 
relationship was first understood, workers generally considered 
that it was due to the interference by the ants with the activity of 
Helopdtis (240). At pre.~ nt, however, it seems to be recognized 
that an increased activity of ants is usually an indication that 
Helopeltis activity will be low and vice versa, but the actual relation- 
ship appears to be more than mere mechanical interference by the 
ants with Helopeltis. On cacao, for instance, Helopeltis confines 
its attack to maturing pods (48) but according to Kalshoven, 8 
cannot survive on pods with a high sugar content. De Jong (53) 
found that susceptibility on the part of the tea plant rises as the 
proportion of carbohydrate falls, or as the relative quantity of 
albumens increases. 

With respect to resistance either to Helopdtis itself or to the 
toxic secretion of the insect, there are little data available. Car- 
penter and Andrews (28) considered that the variety of tea was 
insignificant in this respect, but Anstead and Ballard (6) state that 

6 Oral communication, 1938. 
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in southern India, China varieties and their hybrids are more sus- 
ceptible to attack than other varieties. Roepke (208) considers the 
existence of a resistant variety doubtful but suggested that selection 
of a particular type might be profitable. 

TISSUE DERANGEMENTS BY T H E  APHIDIDAE 

Aphids are notable for the tissue derangements resulting from 
their feeding (257). Zweigelt (255) concluded that the salivary 
secretions must be able to convert starch into sugar by an enzyme 
similar to diastase. Rawitscher (199)studying five species of 
aphids as to their method of penetration into plant cells, found that 
only a few sieve-tubes were pierced, and concluded that injury must 
be due, therefore, to the toxic effect of the saliva. Smith (223) 
showed that Myzus per~cae (Sulz.), M. circumflexum (Buckt.) 
and Macrosiphum solanifolii (Ashm.), normally penetrated the leaf 
intercellularly into the vascular bundles, but M. solanifolii some- 
times showed an intracellular stylet tract. 

The writer has observed that M. persicae and Aphis gossypii 
Glover produced no visible curling or lesions on Commelina nudi- 
flora Linnaeus, but M. solanifolii curls the leaves badly with yellow 
areas left along the veins. Tare (232) studied a long series of 
aphid species, none of which induced true gall formation. Where 
leaves became curled, rolled and otherwise distorted as a result of 
heavy aphid infestation, areas of pseudo-vascular tissue were found 
when sections of the leaf were examined. Tate considers that the 
extent of development of this pseudo-vascular tissue probably de- 
pends on severity of infestation, the duration of the feeding, and 
the reaction of the plant to the stimulus of insect secretion. 

Capitophorus fragariae Theo. causes crinkling, splitting, stunting, 
and discoloration of leaves of strawberry. According to Briton- 
Jones and Staniland (25) the number of aphis present at the time 
of planting is a factor in the amount of damage. Later work asso- 
ciating this particular species of aphis with strawberry virus disease 
indicates the desirability of repeating the work of these workers 
and that of Ball, Mann and Staniland (12) so that the injury 
caused by the insect exclusive of the virus can be ascertained. 

INSECT GALLS 

Historically the galls are the oldest known toxic effects of insects 
on plants, and since early conceptions as to their arising by spon- 
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taneous generation there has been a long series of hypotheses 
regarding their origin. The taxonomy of galls has also proved 
a fertile field for study and hypothesis. No attempt will be made 
to review the exhaustive literature of this field of study, but rather 
tO indicate the more recent attempts to determine the mechanism of 
gall formation, as well as to discuss in somewhat more detail, typi- 
cal cases of plant diseases caused by specific insects, where the type 
of damage falls into the category of insect galls. 

Gall producers are found in a large number of insect orders as 
well as among the mites. The latter are probably the principal gall 
formers and the majority belong to the genus Eriophyes. The 
number of insect gall formers is very large. From the Dutch East 
Indies (58) 1536 separate and distinct galls are listed. From 
Central and South America a single paper (113) lists 1341 galls 
in 98 plant families with only 229 of the insect species known. 
Wells (249) lists 17 distinct galls from a single species of plant 
(Cdtis occidentalis L ) .  A single insect family may contain gall 
formers of several types, i.e., bud galls, flat circular galls on leaf 
lamina, galls folding or roUing the leaf, and stem galls (26). 

A gall may be defined as hypertrophy or hyperplasia of plant 
cells related to certain parasitic animals (249) and there have been 
numerous hypotheses, summarized up to 1914 by Magnus (158), 
as to the nature of the injury. Malpighi (161), the earliest writer 
on gall formation, postulated the introduction of a substance into 
the plant tissue which caused gall development, and the generally 
held point of view, even now, is that chemical secretions of the 
larvae are primarily responsible for proliferations, although Rahn 
(198) suggests that radiation from the larvae may have some 
effect. Wells (249) found that gaUs were not similar to wotmd 
wood, and suggests that all the evidence arising out of experimental 
studies so far point to a chemical interpretation, but that a definite 
support to this point of view has not yet been demonstrated. Form 
characters of the gall tissues are ascribable to the specific physio- 
logical phenomena of the insect and Wells' study, dealing as it did 
with a long series of different gaUs arising from the same plant 
tissue, is significant in this respect. 

The specificity of the gall-forming secretion is illustrated by the 
example of a gall which was transformed into another gall under 
the influence of another gall-forming insect (59). Dieuzeide (57) 
found evidence of the toxic effect of the gall on young elms caused 
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by aphids. Kiister (139) found that the aphid Tetraneura ulm~ L. 
produces typically structured galls on the white portions of the 
variegated Ulmus leaves but they are smaller than those that are 
produced on normal green leaves. According to Balch (8) 
Chermes, cause of gout disease of balsam fir, produces one type of 
injury on stems and another type on twigs. Twigs swell and bud 
development may be suppressed. The degree of swelling bears no 
relationship to the number of larvae, but rather to the vigor of the 
plant. On the stems slight swellings only occur at the crevices of 
the lenticels. Zweigelt (256) in connection with the aphid galls, 
showed that the type is determined by the reaction of plant cells 
to irritants irrespective of the number of parasites. 

Following Kiister's classification (138), Wells (249) found 
that the acarinas and lepidopterous galls on Celtis were kataplasias, 
or those forms of heteroplasias whose cells and tissues did not vary 
widely from the normal. The hemipterous and dipterous galls 
were prosoplasias, or those forms of heteroplasias whose cells, 
and particularly whose tissue forms, differ fundamentally from 
those of the normal parts. According to Cook (47) all insect galls 
arise from the meristematic cells and are kataplasias first, many 
becoming prosoplasias with fibrous and sclerenchymatous tissues 
prominent. Cell activity ceases when the gall larvae reach ma- 
turity, and in this respect insect galls differ from fungous, slime 
mould and bacterial galls. 

Mite galls are not a protective device or a storehouse of nutrition, 
but a reaction product on the part of the plant to counteract the 
injury by means of antibodies (130). Noble (177) studying the 
citrus gall wasp, showed that excess wood is laid down by the 
cambium except near the larvae. There, green cellulose-walled 
nutritive cells, rich in fluid, developed from the cambium, and from 
these cells the larvae derived their nutriments. Nierenstein (176) 
concluded that the tannin in the galls caused by Pontania proxima 
Lep. on Salix caprea .L. inactivates the diastase and invertase of the 
larvae but that tannase produced by the larva protects its enzymes 
from destruction by tannin. The enzymes in galls acting in a 
centrifugal direction from the larval cavity have been described by 
Kostoff and Kendall (135). Although all the starch may be hydro- 
lized directly by the insect secretions, the question of the role of the 
unicellular organisms, which are abundant between the insects and 
the plant tissue, in this respect, is yet to be settled. A decrease of 
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the pH value in the galls in a centrifugal direction from the larvae 
has also been shown. 

The effect of mechanical and chemical stimuli on the living tissues 
during gall formation appears to be similar to that in plant and 
animal tumors, graft unions, bacterial nodules and certain calluses. 
Polyploid cells or irregular mitoses near the larval tissues would 
seem to indicate the presence of active foreign substances. The 
presence of irritating substances on gall insects have been described 
so that it is rather unlikely that the actual wound, due to oviposition, 
is responsible for the initiation of proliferation. Egg excretions 
have also been determined and according to Kostoff and Kendall 
(135) the egg excretions, the irritating substances produced by 
bacteria and other unicellular organisms next to the eggs, and the 
wound hormones when the oviposition is accompanied by an injury 
to the plant tissues, are the substances which give the first impulse 
for cell proliferation, but wound hormones, in the opinion of these 
authors, are of great significance. 

Cell division in gall development can be attributed partly to the 
disintegration products of the cells injured: mechanically, by 
wounding in oviposition and by chewing of the larvae; chemically, 
by action of the egg or larval secretions and the toxic substances 
produced by the unicellular organisms. According to these same 
authors proliferation ceases when the protective substances pro- 
duced by the plant become strong enough to eliminate the stimulus 
for cell division. They conclude that cynipid galls are a reaction 
product of the plant tissue dependent on plant sPecificity; the 
quantity of sap entering the organ or tissue where the gall origi- 
nates; the specificity of the insect determining the specificity of the 
foreign substances; the quantity of the foreign substances; me- 
chanical injuries and their disintegration products; the presence of 
unicellular organisms and the activity of their products, qualitative 
and quantitative. 

Felt (71) summarizes certain points of view with respect to the 
relation of insects and plants in gall production. Galls produced 
by mechanical injury are few. In some others the injury is cen- 
tral and is due to the levies of gall producers upon the vitality of 
the seeds and adjacent parts of the young fruit, as for example, 
the bud galls associated with Eriophyes avellanae Jaru. This mite 
produces the typical big bud as a gall, but then becomes so numerous 
in the gall as to kill the tissues. According to this author, the stimu- 
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lant to gall formation by most mite and hemipterous gall insects, a 
very large proportion of the diptera, and probably all the cynipids 
comes from the salivary gland. Stimulation is a cardinal principle 
in gall production and the production of plant galls is dependent 
on stimulation of plant cells in a meristematic or plastic condition. 
There is a close analogy between the insect gall and the development 
of adventitious buds. Since the development of adventitious buds 
is, however, closely related to the production of plant hormones, 
the possible relationship between gall hosts and hormones is of 
some interest. The indeterminate galls are greatly modified in size 
and shape by the degree of infestation. The determinate galls have 
relatively little in common with the normal tissues from which they 
are developed and usually are characterized by rather definite sizes 
and shapes. There are degrees of "development in insect galls which 
are produced by closely related species, for example, Phylloxera 
and Caryomyia, upon the same host and even upon similar struc- 
tures such as the leaf blade of identical hosts. 

There has been some success obtained by workers in producing 
tumors, or gall-like formations on plants by the introduction of 
certain chemicals. Annand (5) produced tumors in kale by the 
injection of simple laboratory chemicals. Kostoff and Kendall 
(136) produced tumors by means of various chemicals similar in 
structure to naturally occurring tumors. Kendall (131) produced ~ 
growths analogous to galls by the injection of chemicals and foreign 
biological material. Levine (149), working with carcinogenic 
agents of animals on plants, concluded that the injury of injection 
tends to initiate cell proliferation and that the cambium or the 
meristem responds to the agents. Martin (113) produced stem 
galls on sugar cane by the introduction of the macerated bodies of a 
leafhopper and concluded that auxines were in some way concerned. 

Lutz and Brown (155) suggest that galls attributed to insects 
may be really due to bacteria and fungi, the insects being merely 
vectors, but the weight of evidence is definitely against this view. 

Galls on economic plants are few in number compared with the 
number of galls described, and some are useful articles of com- 
merce (251). Some gall-engendering insects produce serious dis- 
eases of economic plants as for example, the woolly aphis of apple, 
Phylloxera of the vine, a considerable number of diseases attrib- 
uted to gall mites, some to psyllids, with scattered examples in 
other insect orders. 
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The woolly apple aphis Eriosoma lanigerum (Hausm.) was first 
described in 1802. The insect is remarkable for its variable life 
history in different geographical areas. In the eastern United 
States the American elm (UImus americana L.) is a primary host 
and apples and related trees the secondary hosts. In the western 
United States, and in other parts of the world where the American 
elm does not exist, the insect has adapted itself to a single host 
plant. In either case, the insects are primarily bark feeders, feed- 
ing either on the bark under the top 2 or 3 inches of soil or, rarely, 
on the true roots. Leaf galls are also produced by both species. 
The warty galls of woolly apple aphis are produced by stimulation 
of the cambium layer, the dissolving of the middle lamella, which 
in the sclerenehyma results in the formation of separated scleren- 
chyma masses and the formation of gall tissue in the medullary 
rays (226). The damage tends to be accumulative in that young 
warty galls are very suitable places for young aphis to establish. 
The relationship between this insect and perennial cankers (Gloe- 
osporium perennans Z. & Ch.) as shown by Childs (45) is also 
significant from the standpoint of the economic role of the insect, 
although not related to primary gall formation by the insect. 

The difficulty of artificial control measures has led to a consid- 
erable study of resistance and immunity of apple stocks and this 
problem, as well as the general one of woolly aphis have been ad- 
mirably summarized by Greenslade (95). Immunity, not to the 
aphis, but to gall formation, exists in the variety Northern Spy and 
breeding for immunity has been carried on with the object of com- 
bining the resistance of Northern Spy with the more suitable horti- 
cultural characteristics of other varieties. This has resulted in a 
large number of seedlings immune to gall formation, but nursery 
tests of these naturally require a considerable period of time. 
Jancke (118) records tests of 103 varieties of edible apples and 79 
wild apples and hybrids which indicate that immunity or a very 
considerable degree of resistance to the aphis is found in hybrids. 
Resistance and susceptibility have been defined by Underhill and 
Cox (237). Resistant varieties are those on which the aphids 
established temporary infestations but did not reproduce and did 
not stimulate the formation of galls. The term "susceptible" refers 
to varieties on which the aphids established permanent infestations 
and stimulated the formation of galls. Resistance and suscepti- 
bility appear to vary with geographical locati~on and this has been 
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attributed to differences in soil type. It is possible, however, that 
vegetatively reproduced plants grown in widely diverse environ- 
ments might react to the environment as a whole, and that this 
reaction might condition the frequency of vegetative mutations 
which might vary in susceptibility. 

Since resistance must be to the toxic secretion of the insect it is 
probable that physiological considerations will be the determining 
factors rather than such mechanical factors as thickness of cell 
wails in the epidermis. The acidity of the cell sap of resistant 
varieties is higher than that of susceptible varieties (169) but it is 
perhaps likely that the pH of specific tissues would be more signifi- 
cant. Indications that the factor of resistance is correlated with 
the chemical constitution of the bark have been found by Roach 
and Massee (206) and by Greenslade, Massee and Roach (96). 

Phylloxera of the vine presents many aspects similar to those 
seen in the woolly aphis problem. The insect's life history varies 
with location and much of the literature is concerned with these 
differences (233, 234). Damage is due to the formation of galls 
on the small feeding roots which results in the decline and final 
death of the vine. Leaf galls are not found universally and in some 
locations many years have elapsed before the leaf forms have ap- 
peared (22, 83, 244). Gescher (89) suggested, that for the main- 
tenance of a colony of Phylloxera, it is eventually essential for the 
forms that are the result of sexual reproduction on the aerial parts 
of the vine to be regenerated by migration to the roots. 

The question of biological races of Phylloxera raised by B6rner 
(20, 21) was followed by considerable controversy (162, 175, 233, 
234, 235, 243). Whether the two biotypes can be clearly differ- 
entiated morphologically, whether they have arisen by separation 
from mixed stocks imported from America, or whether they rep- 
resent mutations as a result of their new environment are not ques- 
tions particularly germane to this review. What is of significance 
is the evidence that biotypes do exist which react differently on 
different varieties of vine. 

Stellwaag (227) showed that Phylloxera perishes on the roots 
of immune vines owing to a reaction of the cells around the punc- 
ture; galls develop on the leaves of vines with susceptible roots but 
Phylloxera perishes on the leaves of other vines. Variations in 
susceptibility of a given variety of vine is due to different types of 
Phylloxera, not to changes in immunity. Printz (197) shows that 
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Phylloxera bred on European or Asiatic vines for 20 to 30 years 
loses the ability to form galls on American vines and recovers it 
only after a long period of development on their roots. 

Vodinskaya (246) was able to artificially infest the different 
varieties of American vines and hybrids with the leaf form if the 
infestation was made during the period of leaf formation. If in- 
festation occurred when all the leaves were already developed, the 
number and quality of the galls varied on different varieties of 
vines. No preference was shown for roots of different varieties 
when exposed to attack. 

Faes, Staehelin and Bovey (70) stated that observations on 
Phylloxera from 1924 to 1931 showed that the leaf gall form is 
always more or less abundant in a year following one with a hot dry 
summer and autumn. Borg (19) records leaf galls of Phylloxera 
occurring on European vines which were growing among a num- 
ber of American varieties. The American varieties were covered 
with leaf galls but on the European vines they were very few in 
number. Whitehead (250) reporting on Phylloxera on pecans in 
Oklahoma states that twigs, petioles and leaves are heavily infested 
with galls 3-5 days after the aphids appear. 

Relationship between the age of the vine and its susceptibility 
wa~s discussed by Makarov-Koshukhov (160). If  recently planted 
vine slips are infested, 75 per cent are killed in the year of attack, 
and all in the following year irrespective of variety, type of soil, or 
character of the locality. If  attacked in the second year a few 
may survive, whereas a considerable number of those attacked in 
the third year are resistant, and stocks 5-6 years old are not 
affected. 

Relation of soil type to Phylloxera infestation has been reported 
on by Nougaret and Lapham (178). Correlation between damage 
and shallow rooted vines caused by poor drainage, compact and 
impervious subsoils and hardpan has been shown. On the con- 
trary, vines growing in deep friable soils having porous subsoils are 
less susceptible to damage. Whether this is due to the effects of 
the physical character of the soil on the life of the insect, or whether 
the vines grown in the more suitable soils are better able to resist 
the injury, is not known. 

As is the case with woolly apple aphis, chemical controls of 
Phylloxera have proved difficult although Grandori (91) reported 
satisfactory results with the use of paradichlorobenzene as a soil 
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fumigant. The insect can persist in the soil for long periods of 
time, however, as shown by Makarov-Kozhukhov (159). In this 
case Phylloxera was still found in the soil 12 and 16 years after the 
vineyard had been uprooted and the soil treated with large quanti- 
ties of carbon bisulphide. Based on the work of Miiller (172, 173, 
174), the same author calls attention to the possibility of using 
internal treatment of vines against Phylloxera. Jancke (117), also 
following Miiller, found that nicotine was absorbed by the grape 
vine shoots and found in the leaf-tissue, but did not penetrate the 
tissue of Phylloxera leaf-galls in 7 days. Doses tolerated by the 
plants were also tolerated by the insects. The general method of 
attack on the problem of control, however, is by the use of resistant 
stocks, the stocks of resistant American vines being used generally 
for this purpose. 

A report on testing of Phylloxera-resistant grape stocks by 
Husmann (114) indicates some of the complications that arise 
when resistant non-commercial stocks are hybridized with desir- 
able commercial varieties. Hybrids reverted either too far toward 
the vinifera with the Phylloxera-resistant qualities lacking, or too 
much toward the resistant, thus impairing the quality of the fruit. 
It is clear, however, that the severity of the Phylloxera problem 
can be very materially reduced by the use of resistant stocks suit- 
able for a particular territory. Resistance to the leaf form of 
Phylloxera in Germany, according to B6rner and Schilder (23) 
appears to be confined to crossings that contain "cinerea . . . .  ber- 
landieri" or "rupestris" varieties in addition to "riparia." 

Mite induced diseases of plants are numerous and the following 
are cited as examples. In that caused by blister mites of apples and 
pear (Eriophyes pyri Pagens.), the typical blisters first appear as 
pale greenish spots on the leaves, which later turn brown and fall 
off. Injury to fruit is generally outgrown (245). Killing of fruit 
buds in winter, weakened flowers and resultant misshapen fruit, 
due to a species of blister mite, morphologically indistinguishable 
from E. pyri, but differing from it in biology and the damage it 
causes, has been described by Borden (18). Heriot (110) believes 
that E. pyri c a u s e s  blisters on pear by first inciting enlargement of 
the loose mesophyll cells which expel intercellular air, thus closing 
the stomata and raising the epidermis from the underlying tissue. 
Wilson (253) states that E. pyri oviposits in parenchyma and the 
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young larvae extend the cavity in all directions, resulting in a mass 
of blisters over the whole leaf. 

Crinose or felt mites, so called from the thick felt of pubescent 
brown hairs which grow on the lower side of the leaf, have been 
noted by Wilson (253) on grape vines caused by E. ~tis Land. 
The upper surface of the leaf is distorted. A similar condition on 
English walnut caused by E. tristriatus var. erineus Nal. differs 
in the color of the pubescence, which is white and the galls are more 
distinctly outlined. A crinose gall, Eriophyes sp., on litchi is seri- 
ous in Hawaii. A thick felt of reddish brown hair appears on the 
lower surface of the leaf. The upper surface is arched rather than 
swollen, with a corresponding depression on the lower crinose 
surface.* 

Blister mite on cotton (E. gossypii Banks) is a major pest in 
some places. According to Fife (80) injury is seen in crumpled 
leaves, distorted growth and lack of fruiting branches. The de- 
velopment of types of sea island cotton immune to E. gossypii was 
reported on as long ago as 1919 (104). F2 generations segregated 
in immune and non-immune, while in the Fs generation, the im- 
mune bred true and non-immune segregated further into immune 
and non-immune. 

The blackberry mite (E. essigi Hassan) causes the disease known 
as redberry disease of the Himalaya variety of blackberry (62), 
(164). According to Essig (62) other varieties are not attacked, 
even though they may be growing in such close proximity that their 
stems are interlaced. The disease is characterized by the presence 
of berries which may be entirely red or partly so. These red ber- 
ries never ripen. The disease is caused by the mites entering the 
flowers and feeding near the bases of the immature drupelets (98, 
99, 171). The mite also attacks loganberries and raspberries. 

Mite disease or "Akarinosis" of the vine is widely distributed 
in continental Europe. In France it is known as "court noue." 
Shortening of the internodes with consequent stunting of growth 
is the typical symptom (85). The same condition has been referred 
to as "mite crinkle" by Stellwaag (228, 229) who has ascribed it 
to three species of gall mites, namely, Epitrimerus vitis Nah, Phyl- 
locoptes vit~s Nal. and P. ~ticulus Pant., and who has indicated 
leaf crinkling as a conspicuous symptom. 

* Au tho r ' s  observation.  



298 THE BOTANICAL REVIEW 

A witch's broom of lilac caused by Eriophyes lo'tvi Nal. has been 
described by Smolak (225) as resulting from the feeding of the 
mite on epidermal and subepidermal tissues of the buds. 

The "big bud" disease of black currants (E. ribis Nal.) has been 
studied in connection with "reversion" disease, but it seems clear 
that the two are separate entities, the latter being a virus disease. 
Big bud is a disease due to the attack of mites which stimulates the 
growing point to make irregular development (148). On red cur- 
rants "big buds" are not produced, but instead a somewhat swollen 
bud, or a dense growth of buds which do not develop normally 
(165). 

The psylla disease of indigo is a disease caused by Psylla isitis 
Buckt. Curling of leaflets and the knotting of the apical shoot 
occur only as the result of nymphal feeding. The extent of the 
curling and knotting varies-with variety. "Java" curls into a hard 
knot; "Sumatrana" into a less compact mass. Recovery follows 
when the psyllids are removed (97, 166). 

Citrus leaves are pitted by the nymphs of Trio~a (Spanioza) 
erythreae Del. G. according to Harris (106). The pits enlarge with 
the growth of the nymphs. Nymphs of Phytolyma lata Wlk., on 
the other hand, produce galls on Chlorophora excelsa Benth. & 
Hook. which enclose the insect, and with heavy infestations of the 
latter, large multiple galls are formed. 

The gall making of a coccid has recently been described by Parr 
(184). The feeding of the first instar of this scale insect (Matsu- 
coccus sp.) results in a collapse and disintegration of plant tissue 
around the base of the stylets, and the insect gradually sinks into 
the depression thus formed. The second instar is completely cov- 
ered by plant tissue. As the insect grows the plant tissue surround- 
ing it swells and later dies. Extracts of the insect's salivary glands 
injected into the collenchyma of new growth of uninfested trees 
has resulted in tissue derangements similar to those produced by 
the feeding of the insect. 

HOPPERBURN 

One of the most notable examples of a toxic effect of insect feed- 
ing is that associated with Empoasca fabae Harris. Establishing the 
relation of E. fabae to hopperburn of potatoes was one of the pio- 
neer contributions of Ball (9) in this field. The symptoms of hop- 
perburn have been adequately described by Ball (9, 10), Parrott 
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and Olmstead (185) with a significant note by Leach (141). 
Wrinkling of the leaves is followed by upward rolling and mar- 
ginal burning, with the marginally burned area increasing in severe 
cases, causing the death of the leaf and the defoliation of the plant. 
Leach pointed out that the shortening of the leaf petioles with a 
crowding of leaflets was the first symptom preceding the typical 
hopperburn 'symptoms of curling and marginal burn. The disease 
was at first confused with physiological tipburn, and for a time con- 
sidered synonymous with it, but the term "hopperburn" was defi- 
nitely ascribed to it by Ball and Fenton (11). 

Manifestations of E. fabae feeding on other crops have from 
time to time received specific names, as for example, alfalfa yel- 
lows (129), but the term "hopperburn" seems to be generally ap- 
plicable and should be used (195). On apples (92) discoloration 
of the leaf margins is followed by curling of the tips and the distal 
margins of the leaves. On the legumes, yellowing and dwarfing 
are additional symptoms, the number of flowers is reduced and the 
root system is weakened. On alfalfa there is a mottling and blotch- 
ing of leaves, which fuse to form striated discolorations between 
lateral veins; deep yellow to orange discoloration with bronzing of 
leaf edges; stunting and shortening of internodes; rosetting and 
proliferation of new dwarfed shoots (93, 111, 129, 168). On egg- 
plant, Poos and Haenseler (192) showed a very distinct cupping 
of the younger leaves with the margins light green or yellowish, 
with later death; further cuppings were followed by extreme ir- 
regularity of the leaves. The symptoms on hollyhock are essentially 
as on potato. On marigolds, in addition to upward curling and 
reddening of leaflets, there is a twisting of the petioles and the kill- 
ing of young shoots (219). Ball (10), Dudley (60), Hart'tell 
(108) and Beyer (14) added to the list of plants affected with 
symptoms typical of hopperburn by E. fabae. More recently Met- 
calf (167a) has definitely shown that E. fabtw is responsible for a 
tipburn of peanuts known as "peanut pouts." 

Factors affecting susceptibility have been considered by Dudley 
(60) who pointed out the close relationship between the extent of 
the disease and the number of hoppers present; that varieties with 
more tender foliage were more susceptible, and that potato plants 
grown from tubers from diseased plants were more susceptible 
than others. This last observation suggests that one effect of the 
disease is to reduce the vigor of vegetative reproductions from the 
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affected parent plant, and that this reduced vigor is a factor in sus- 
ceptibility. Soil types and moisture, sunlight and reduced leaf 
transpiration had no final effect on the development of symptoms 
(72). Eyer (66) showed that sunlight was important but the dis- 
ease can occur in its absence, while according to Beyer (14) hot 
dry weather increased susceptibility and humid weather with moist 
soil decreased it, but merely its rate of development, not the ulti- 
mate result. Relative freedom from injury depends upon slow and 
continuous growth with an abundance of leaf surface (75). 

On the nature of injury by E. fabae there is apparent agreement 
in connection with potato hopperburn, but distinct difference of 
opinion as to the nature of the injury on clover and alfalfa. Ball 
(9) suggested that marginal burn could not be accounted for 
by sap withdrawal only and that probably a toxic injection was 
involved. Fenton and Ressler (76, 77) achieved positive results 
with injection of macerated adults and nymphs and this was con- 
firmed by Eyer (66, 67). Fenton and Ressler again (78) at- 
tained additional positive results with artificial injection, although 
there is some difference in results as to the relative toxicity of mac- 
erated nymphs and adults. Lutman (154) considered that the 
destruction of veins mechanically and water withdrawal were es- 
sentially responsible for the symptoms. Fenton and Ressler (78) 
conducted a potometer experiment which gave positive hopperburn 
results, which appear to be conclusive, in that they avoided any 
wound reaction due to mechanical injury to the leaves which showed 
symptoms. Fenton and HartzeU (75) obtained negative evidence 
with mutilation of leaves, injection of poisons, or the tissue of hop- 
perburned leaves, and positive results with macerations of adults, 
but not with nymphs of E. ma/i Le B. 

Granovsky (92) was able to obtain symptoms similar to hopper- 
burn on apples by leaf inoculations of macerated insects. A low 
percentage of positive results is also recorded by the use of sap of 
injured leaves. With the legumes, however, the only attempt to 
produce the disease by inoculation of macerated insects is that by 
Johnson (126) and this was negative. Johnson is of the opinion, s 
however, that the use of entire insects rather than specific tissues, 
as for example, the salivary glands, left the matter inconclusive. 

Authors seem to be agreed on the differences in ability to produce 
symptoms by different stages of the insect. According to Fenton 

8 Personal communication. 
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(72) all nymphal stages produced the disease, but the first and 
second instars produced no effect unless in large numbers. Adults 
were not so effective as the older nymphs and then only when in 
large numbers; the older the nymph, the more injurious it is. Ac- 
cording to Dudley (60) one adult or one nymph is sufficient to 
produce symptoms. Fenton and Hartzell (75) showed that the last 
three instars were more toxic than either the first and second, or 
the adults. Symptoms appear on alfalfa 5 or 6 days after leafhol>- 
pers have fed, and 10 nymphs of the later instars can severely injure 
a plant in 2 weeks (93). The ability to produce the disease is com- 
mon to the species and hereditary in the insect and the injury is in 
direct proportion to the number of leafhoppers feeding. Recovery 
is general after the removal of the insect (191, 193, 196). 

Monteith (168) considered that the evidence indicated something 
besides mechanical injury. Accumulation of carbohydrates was 
first shown by Granovsky (94), who considered that enzymic secre- 
tions of the leafhopper caused the disorganization and granulation 
of plastids and the disorganization of the phloem of affected tissues. 
Jewett (119) considered that infested plants were more subject to 
winter injury than normal plants and the more yellow the plants 
the less the injury sustained. Johnson (126) showed a gradually 
accumulating injury with the feeding of a single adult for 8, 16 and 
24 hours respectively, but failed to get positive results by artificial 
inoculation of plant juice and from macerated adults and nymphs 
of E. fabae. He concluded that the results of E. fabae's feeding 
was not due to a virus or toxin, but was caused by over-accumula- 
tion of the carbohydrate products of photosynthesis, for the sheath 
material, largely of insect origin, found in the insect punctures, 
definitely interferes with translocation (220). Johnson (127) 
presents additional evidence of the carbohydrate accumulation by 
the leaves with a deficiency in the stem, believed due to the clogging 
of the food-conducting elements and improper translocation. The 
economic losses due to injury to alfalfa are shown to be due not 

�9 only to loss of weight but to loss of nutritive value in the leaves. 
Varietal resistance is a matter of host resistance to ovipositing 

females. Succulent and rapidly growing leaves are preferred. The 
slow, but continuously growing varieties with a large leaf surface 
are relatively little damaged (75). European strains of red clover 
are more susceptible than the native ones (111). The relatively 
glabrous English clover is more susceptible than the pubescent Ten- 
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nessee strain. The Italian clovers are more susceptible than the 
native hairy strains. Hairy Peruvian alfalfa is practically immune 
unless the leafhopper concentration is very large (93). Monteith 
(168) showed great variations in varietal susceptibility and believed 
that the difference was due to qualities of the plant which made it 
unfavorable for the feeding and reproduction of the hoppers. The 
correlation between amount and type of pubescence and varietal 
resistance is not a direct one, since breeding tests do not show any 
correlation between pubescence and the numbers of nymphs hatch- 
ing (120, 194). Searls (211) points out that the more naturally 
yellow a variety the less the injury, and conversely, the greener the 
variety the more the injury. Jewett (121) showed that in order to 
drive a needle through the leaves of resistant strains, greater pres- 
sure was required than needed with susceptible strains, indicating 
that the resistance factor may be, in some way, concerned with the 
mechanical structure of the leaf: again (123), that the varieties 
most resistant to E. fabae were most resistant to puncture. The 
correlation in other varieties was not significant. Johnson and Hol- 
lowell (128) showed that the appressed hairy varieties were less 
susceptible, and that the factor for resistance was evidently hooked 
up with the gene complex controlling pubescence. The rough 
forms seem to be less suited for oviposition (193). 

It is evident that the feeding process of E. fabae differs materi- 
ally from that of many closely allied members of the same genus, 
as has been shown by Smith and Poos (212). Apparently no at- 
tempt has been made to compare the enzymes of E. [abae with those 
of other species, and as far as the writer is aware no other Empo- 
asca species on the mainland United States has been shown to be 
the cause of leafhopper burn. However, in Hawaii, E. solani pro- 
duces essentially the same type of injury on a number of hosts, 
particularly castor bean and watermelon and to a lesser extent, on 
potatoes. Herford (109), studying this same leafhopper in Ha- 
waii, showed that both diastase and invertase were secreted by the 
insect. 

Control of E. ~abae on potatoes is accomplished by the use of 
Bordeaux mixture sprays (54, 56, 65, 74, 137, 167, 182, 183, 209) ; 
on dahlia by repellent dusts (156) ; and in the forage crops by tim- 
ing the cutting schedules (90, 122, 195, 212, 213). Jewett (124) 
refers to the development of a resistant strain of red clover in 
Kentucky. 
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FROGHOPPER BLIGHT 

Froghopper blight of sugar cane, caused by the feeding of the 
cercopid Tomaspis saccharina Dist., has been the subject of inten- 
sive study for many years, with the result that the problem has 
been approached from a good many angles. The disease has been 
known since 1862 and was definitely associated with the froghopper 
in 1889 (101, 252). The most extensive study of the subject is 
that by Williams (252), and an important source of information 
is to be found in the "Minutes and Proceedings of the Froghopper 
Investigation Committee" of Trinidad and Tobago. The first 
symptom is a pale area surrounding the puncture which is elon- 
gated slightly longitudinally. By further elongation this spot be- 
comes a long, narrow pink streak which later becomes brown and 
discolored. Necrosis follows in the pink area. According to Wil- 
liams (252), a single froghopper puncture may result in the de- 
struction of half a square inch of leaf tissue. The length and width 
of internodes of the plant are both reduced and, below the area of 
maximum shortening of the internodes, adventitious buds develop. 
Adventitious roots may also be formed as high as three feet above 
the soil level. Following injury by frogh0pper the pH of the cell 
sap gradually falls. In fairly good soil it rarely drops below pH 
5.7 but on some heavy soils it may be as low as 5.4. This increase 
in acidity is most noticeable at the top of the cane where enzyme 
activity is greatest (254). The root systems of blighted cane are 
invariably poor and superficial. Under favorable conditions for 
growth, recovery takes place when the attack of froghopper has 
passed. 

The relation of the insect to froghopper blight was proved by 
Nowell and Williams (180), who showed that froghoppers could 
produce a definite form of blight in the absence of fungi or any other 
insects. Nowell (179) records that severity of blight in many cases 
does not correspond with the degree of froghopper infestation. 
Pickles (189, 190) believes that the periodical occurrence of out- 
breaks following severe dry season is brought about due to the 
effect of the environment on the green muscardine fungus, Metar- 
rhizium anisopliae (Metch.) Sarok. The same author (190), in 
discussing the difference in blight incidence, suggests that it may 
be due to the preference of froghoppers for unhealthy cane, or to 
different micro-climatic conditions, dependent on plant growth, 
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small or large canes, thick or sparse canes, etc., and that these char- 
acteristics are probably of more significance than any food prefer- 
ence on the part of the froghopper for canes of different types. 

Withycombe (254) studied the relationship of the insect to the 
disease and describes the effects of the insect's saliva upon the plant 
tissue. The saliva has been shownto penetrate cell walls and ligni- 
fled xylem vessels. Plasmolysis of the cell contents often occurs. 
The saliva of the froghopper has a distinctly diastatic action upon 
starch and in addition, it contains oxidases. In reaction it is slightly 
acid and does not invert disaccharides. Saliva is pumped into the 
wound and shortly afterwards there is a distinct bleaching of the 
chlorophyll, more longitudinally than laterally. In a few eases 
where the sucking of the froghopper had continued for an hour or 
more, certain cells showed a slight brown or pink coloration, due 
probably to oxidation of catechol tannins. The most striking effect, 
noticeable even after a short feeding, is upon the contents of the 
border parenchyma cells, for whose contents the saliva appears to 
be specific. The chlorenchyma around a froghopper puncture 
allows of slight spreading of the insect's saliva, but in the border 
parenchyma the saliva passes rapidly in a longitudinal direction. 
Lateral extension is, however, slow and is usually associated with 
prolonged salivary action. The effect of the saliva upon the con- 
tents of the border parenchyma is believed by Withycombe to be 
due to the fact that the enzymes of the froghopper's saliva exert 
their greatest activity at the pH concentration of these cells. The 
phloem has nearly the same pH, while the chlorenchyma is slightly 
more alkaline, and the xylem more acid. 

In the case of short periods of feeding, the main apparent effect 
is upon the plastids of the border parenchyma; with prolonged 
sucking, both chlorenchyma and vascular tissues become more in- 
volved. Prolonged feeding is believed to provide mass effects 
which are associated with extensive post-mortem changes. After 
sucking has ceased, paling of the chlorophyll extends in a longi- 
tudinal direction from the puncture, usually more often more 
towards the apex of the leaf than towards the base. Extension is 
accompanied by the appearance of a red pigment. The injury 
spreads as a yellow, ill-defined streak for a time and then becomes 
dead and brown in the center. With less susceptible varieties such 
as Uba, there may be very little yellowing but a red, finely stippled, 
streak appears, which later also becomes brown and dead. If  feed- 



IN3URIES CAUSED BY INSECT TOXINS 305  

ing is prolonged, blanching of the chlorenchyma and faint local 
reddening, due to oxidase action, may be seen. After a day or two 
the cells of the phloem show deposits which give a tannin reaction; 
these deposits are often associated with red pigment. 

Injuries from a froghopper puncture can be summarized thus: 
direct injury and drain upon the contents of the vascular tissues 
and injurious effects upon the border parenchyma which extend 
longitudinally, with removal of carbohydrates stored therein. The 
injury produced by the saliva is effected by several ferments with 
diastatic and oxidizing enzymes demonstrated as present. The rate 
of respiration increases locally with oxidation. Super-normal oxi- 
dation is influenced by the action of plant oxidases, in combination 
with the oxidases of the insect's saliva. Local translocation is hin- 
dered and the effect is further intensified when the phloem becomes 
blocked. Water deficiency prevents recovery of the protoplasts in 
all affected cells and culminates in a drying-up of the tissues. As- 
suming continued effect of the enzymes introduced by the frog- 
hopper, the metabolic equilibrium of the plant will continue to be 
upset, unless a sufficiently powerful counter-reaction is forthcoming. 

Withycombe also records great differences in the amount of 
blight obtained with given numbers of froghoppers in experimen- 
tal cages. The situation is somewhat similar to that encountered in 
mealybug wilt experiments. The tips of leaves are apparently 
more susceptible to injury than the bases, also, the older the leaf, 
after prime, the more susceptible it is to injury. 

There is a definite relationship between certain types of soil and 
blight incidence, the roots of diseased plants are invariably poor. 
Canes growing in soils more acid than pH 5.5 are severely damaged 
in bad froghopper years (239). Canes growing on markedly alka- 
line calcium-satisfied soils appear to be capable of resisting frog- 
hopper damage. According to Hardy (100) alkaline, calcareous, 
black soils support heavy crops of cane that are generally much less 
prone to froghopper blight than canes grown on other soils, such as 
the acidic, pale-red soils of the same district, and the acidic fawn- 
colored soils of the great alluvial plain of the central and northern 
regions of Trinidad. 

Withycombe rejected the soil-reaction theory as did de Verteuil 
(100), both of whom employed colorimetrir methods for deter- 
mining soil reaction. The work was repeated using the quinhy- 
drone electrode, and a very positive correlation was obtained 
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between reaction and degree of blight. Both "normal" and "ex- 
change" alkalinity were measured. Canes that were badly blighted, 
especially in the ratoon stages were supported on soils having 
"normal" reaction below pH 5.5 in nearly ever~ case. 

The mechanism whereby liming apparently confers resistance to 
blighting of canes growing in alkaline soils has not yet been ex- 
plained. The water relations may be one factor, another may be 
the nutrient relations, such as the potassium relation between plant 
and soil. Control depends on the correction of acidic, calcium- 
starved and humus-deficient sugar cane soils. Turner (102) found 
that the higher the degree of saturation of the soil with combined 
lime the less the susceptibility to blight. The soils of blight-free 
areas are all adsorptively saturated or nearly so, as regards 
lime, and the soils of regularly blighted areas are less than 60 per 
cent saturated. Turner (236) further confirmed the relationship 
between the exchangeable calcium of typically blighted and blight- 
free soils and he concludes that in soils containing more than 7 
mg.E. per cent, the effect of the soil deficiency in exchangeable cal- 
cium on the reaction of the cane to froghopper attack is mainly in- 
direct, by reason of its influence on the physical condition of the 
soil. Where the soil content falls appreciably below this value, the 
data obtained indicate that calcium starvation of the cane may con- 
tribute to the damage it sustains. According to Withycombe the 
most serious froghopper attacks occur upon heavy compacted soils 
in thoroughly bad physical condition. Water-logged and oxygen 
deficient soils behave as though in a state of water deficiency. 
Withycombe's statement, that interference with water absorption 
by the roots is one of the first effects of the removal of oxygen, 
should perhaps be amended. Loss of oxygen would result in the 
death of the feeding roots, which in turn would result in wilting 
due to interference with water absorption. 

Pickles (188) showed that soils may differ materially in their 
suitability as places for oviposition. This is a new point of view on 
the relationship between the soil and blighting, which in the past 
has been ascribed to influence of the soil on the metabolic activity 
of the cane. Pickles goes on to say "Although there is thus strong 
support for the theory that the production of froghopper blight is 
determined by the abundance of froghoppers and not by metabolic 
activity of the canes, it is admitted that recovery from blight may 
be affected by the physiological relations of the cane," and thinks 
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that soil characters are directly responsible for determining the 
severity of blight, because of the relation between the type of soil 
and the abundance of froghopper eggs. 

According to FoUett-Smith (82), the general indications are that 
the leaf sap of sugar canes growing in good soil is likely to contain 
a greater amount of hydrophilic colloidal matter than that of canes 
growing in poor acidic soil; this may account, at least in part, for 
the greater resistance to drying-out of leaves of canes growing in 
good soil. Studies on the nutrient status of the soils in good and 
poor areas was reported on by Follett-Smith (81). All the soils 
on which cane is susceptible possess low nutrient-supply rates as 
measured by the electrical conductivity of water extracts. Their 
potential plant nutrients appear to be released very slowly. This 
may account for the slow rate of recovery of injured leaf-tissue of 
blighted canes. Marked fluctuations in conductivity values would 
be expected for a fertile soil where micro-organic flora is vigorously 
active, and information might be gained regarding the significance 
of the micro-organic flora of a soil by making measurements of the 
electrical conductivities of extracts of soils that had previously 
been rendered sterile by treatment with toluene. 

I t  seems clear, as Hardy concludes (101) that an agriculturally 
imperfect condition of the soil, from whatever cause it may arise, is 
favorable to the development of froghopper infestation in years 
when the general climatic conditions are suitable, but no studies 
appear to have been made on the actual effect of the froghopper in 
producing the collapsed root system. As will be seen under the dis- 
cussion of mealybug wilt, collapse of the roots is a primary effect 
of the mealybug's feeding. 

Variety and age of cane are both considered as susceptibility 
factors. The leaf sap of ratoon canes at the commencement of the 
wet season apparently is more suitable for inducing oviposition than 
is the sap of plant crop cane or of pasture grasses. These first 
ratoon canes are preferred as hosts for the first brood adult frog- 
hoppers. Briton-Jones (24) believes that the question of the rela- 
tive liability of ratoon and plant-cane to blight is a question of con- 
dition of growth, rather than the age of the stool from which young 
growth arises. Plant canes, however, hardly ever suffer to the 
same extent as ratoons, and the percentage of blight is usually small 
for the plant-cane crop. The question of source of froghopper in- 
festation with respect to relative toxicity in connection with these 



308 T H E  BOTANICAL R E V I E W  

differences, does not appear to have been studied, although Smith 
(218) reported that no instances have yet been noted of blight 
caused by first brood froghoppers arising from permanent pastures. 
The situation apparently is again comparable to that of mealybug 
wilt, where it has been shown by Carter (32) that the source of the 
insect materially affects its toxicity to pineapple plants. 

According to Urich (238) Uba is a fairly resistant cane. It is 
deep-rooting, covers the ground well, prevents the growth of grass 
and is not trashed. Thin type canes are less affected by blight than 
the thick type canes (230), and the degree of blight affects recov- 
ery, the varieties least severely blighted recovering most completely 
(103). 

PSYLLID YELLOWS 

This disease of the potato and tomato was first described by 
Richards (201) in further detail in 1931 (202), and in collabora- 
tion with H. L. Blood in 1933 (203). The disease has been re- 
corded in the United States from Utah, Colorado, Idaho, Cali- 
fornia, New Mexico, Arizona, Wyoming, Kansas, Nebraska and in 
Canada from Alberta (49, 69, 201,210). 

Psyllid yellows belongs to the small group of complex toxicoses 
in which the effect of the toxic secretion of the insect is systemic. 
The systemic effects are probably more highly developed in this 
disease than in any other of its type since the entire plant is affected. 
The symptoms include the rolling and cupping, with marginal 
yellowing of younger leaves, with subsequent necrosis and degen- 
eration. Stem elongation in aerial shoots is hindered and axillary 
tubers, or small rosettes of leaves malformed in witch's broom 
fashion, may develop at the internode. Underground, a charac- 
teristic response is the formation of numerous small potatoes, many 
of which are prematurely sprouted. Aerial tuber formation in 
potato has resulted in confusion of this disease with that of Rhi- 
zoctonia, while in the tomato the symptoms produced are similar to 
those of curly top of beet. There is a single reference to natural 
transmission of this disease (214) but the record has not been 
confirmed. 

The insect concerned in the production of psyllid yellows, Para- 
trioza cockerelli Sulc., is primarily a feeder on solanaceous plants, 
but Knowlton (134) lists 40 species of host plants on which the 
insect can complete its life cycle. In addition, a large number of 
plants other than Solanaceae can serve as temporary hosts. 
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The association between the insect and the disease, which was 
referred to by Richards in his first note on the disease (201), is 
unique in the fact that only the nymphs are capable of producing 
the disease, and the use of populations of adults numbering up to 
1000 to a single plant has failed to produce psyllid yellows. When 
nymphs are applied, the time required to produce symptoms, as well 
as the intensity of these symptoms, is related to the number of 
nymphs used. Although the first symptoms appear after three 
days' feeding, a complete symptom picture is not obtained unless 
the nymphs feed continuously for 36 days. If the feeding period 
is less than 26 days, the attacked plants recover. 

An important datum is that of infectivity of nymphs reared 
from eggs removed from healthy plants. Richards and Blood 
(203) found that such nymphs were more intense in their infec- 
tivity than nymphs of the same age which fed on diseased plants, 
which indicated that the insect was inherently toxicogenic. This 
positive evidence of the infectivity of nymphs hatched from eggs 
from a healthy plant negatives the findings of Binkley (15), who 
declared that it was necessary for a nymph to be transferred from 
diseased potato plants in order to produce the disease. This finding 
of Binkley's which appeared to be confirmed by Eyer and Craw- 
ford (69) was, no doubt, due to experimental conditions which did 
not permit the expression of symptoms and one of the latter authors 
(68) agrees with the original statement of Richards and Blood 
(203) when he says that "Nymphs need not have fed previously 
on infected plants in order to produce typical symptom." Eyer and 
Crawford (69)have  shown that most of the feeding by P. cock- 
erelli occurs in the border parenchyma surrounding the vascular 
bundles. The authors found nothing that would indicate that 
psyllid yellows symptoms were induced by either mechanical plug- 
ging or destruction of the vascular tissues. Daniels (49) reported 
that the vascular system in the diseased plants was broken down, 
and that the abnormal quantities of starch present in the pith indi- 
cated the disturbance of translocation. 

Eyer (68) has made a significant contribution to the physiology 
of the disease. The injury to the border parenchyma is extended 
laterally since necrosis of the phloem is found in both midrib and 
petiole. In the regions of injury the cell proteins are broken down. 
Nitrate nitrogen content of healthy potato plants is definitely higher 
than that of diseased plants. The same is true also of the chloro- 
phyll and carotin content, both being decreased in the diseased plant. 
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Control of this disease is based primarily on the facts previously 
mentioned, that nymphs only are capable of inducing symptoms, 
the number required is considerably greater than unity and recov- 
ery follows the removal of the insect. It follows logically that re- 
duction of the insect population should reduce the incidence of the 
disease. List (151, 152) and List and Daniels (153) have shown 
that lime sulphur sprays and dusts were effective in giving field 
control, with the sprays showing a definite superiority over the 
dusts. According to Blood, Richards and Wann (16) the disease 
has not affected the economic production of tomatoes, since not less 
than 30 psyllid nymphs, continuously feeding, are necessary for the 
production of symptoms. 

I~EALYBUG WILT OF PINEAPPLES 

This disease, which is now known to occur in most of the pine- 
apple growing areas of the world (34, 43) was first mentioned by 
Larsen (140), although at that time the term "wilt" was used in a 
generic sense, and included some other causes of pineapple failure 
not strictly wilts. By 1930 mealybug wilt had reached such pro- 
portions as to jeopardize the future of the industry in Hawaii, and 
even now can become a serious factor if control operations are 
relaxed for even a short time. 

It is not surprising that mealybug wilt was ascribed in the past 
to root pathogens, for when the first symptoms appear on the 
leaves, the root system is already collapsed and invaded by sec- 
ondary organisms. When the leaf symptoms were first described 
(32) it was necessary to distinguish between typical "quick wilt" 
and plant failure caused by the feeding of large numbers of mealy- 
bugs. The latter case was designated as "slow wilt" and ascribed 
to depletion of the plant's reserves by the destruction of functional 
leaf area. The withdrawal of sap by large numbers of mealybugs 
over a period of many months is undoubtedly a major contributing 
factor. "Quick wilt," which is mealybug wilt per se, is clearly in 
another category, and is definitely the result of the feeding of a 
relatively small number of mealybugs for a limited time. Symp- 
toms are characterized by loss of turgidity first of the inner leaves, 
and finally, in severe cases of the whole plant. Accompanying this 
are striking color changes from the normal green to shades of pink, 
red or brown. Roots of affected plants are invariably collapsed, 
except for newly emerged roots which are apparently normal. The 
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latter observation, which has been confirmed by sand culture experi- 
ments 9 is indicative of the mechanism whereby wilt occurs. It is 
clear that the primary effect of the mealybug toxin is to kill the 
existing roots, which results in the appearance of leaf symptoms 
closely comparable with those ensuing as a result of drought. 
Proof that the meristematic tissue, either of the growing point or 
of root primordia, is not killed is found in the sequelae. New 
roots emerging some time after the infestation has passed are 
apparently normal, and this is no doubt associated with the recovery 
and continued growth of the plant. The disease may occur at any 
stage of the plant's development, but younger growth, whether of 
the mother plant or vegetative slips and suckers growing from a 
mature mother plant, is definitely more susceptible. 

The time required for symptoms to develop after infestation is 
very variable. In experimental series a minimum period of 6 
weeks has elapsed before the earliest visible leaf symptoms occurred 
but in many cases typical symptom expression has not become evi- 
dent for several months. Green spotting is not a symptom of wilt 
as thought by Illingworth (115), but, as has been discussed earlier 
in this paper, is a local toxic effect of the feeding of a strain of 
P. brevipes. Whether the green spotting strain is more effective 
than the non-green spotting strain in the production of wilt is not 
definitely established. 

P. brevipes as a factor in connection with wilt was first mentioned 
by Illingworth in 1931 (115). The fact that the insect is the 
primary causal factor was established by the writer (32), and 
studies in Hawaii since that time have been limited to those by him 
and his associates. 

Entry of mealybugs into pineapple fields is accomplished in 
several ways. Normally, a considerable percentage of the planting 
material used is infested to a greater or less degree, and this con- 
stitutes a serious danger if ants are established in the field area 
at planting time. If the field to be planted is free of ants, mealy- 
bug colonies on planting material disappear almost entirely (30). 
Whether this is due to the necessity, on the part of the mealybug, 
for ant attendance, or to the uninterrupted action of casual preda- 
tors, or a combination of these factors, cannot readily be deter- 

mined. Occasional instances of wind-blown infestations have been 
9 U n p u b l i s h e d  data. 
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proved in newly planted fields lying to leeward of heavily infested 
old pineapple fields, x~ 

Invasion of mealybugs from wild growth on field margins is the 
most frequent source of infestation in newly planted fields (30), 
and Pheidole rnegacephala (Fabr.) is undoubtedly the agent of 
most importance. Once established under the mulch paper Phei- 
dole extends its nests very rapidly with a coincident extension of 
mealybug infestation on the pineapple plant. Solenopsis 9eminata 
var. tufa Jerdon is second in importance with respect to distribu- 
tion, but in the only pineapple growing area where it is established, 
is important because of its habit of nesting, and its persistence in 
fallow fields, with the consequent assurance of the survival of 
mealybugs introduced later into the fields on planting material 
(187). 

Incidence of wilt follows closely that of the mealybugs. Without 
mealybug control, a typical condition is that of scattered wilted 
plants on the margins of fields, surrounded by plants more or less 
heavily infested with mealybugs. As additional plants wilt, the 
mealybugs forsake the wilting plants and move, or are moved by 
ants, to adjoining healthy ones in the field proper. Within this 
field area, at points remote from the field margins, isolated pockets 
of mealybug infestation may be found, which in due course are 
followed by wilting, first of the original area infested, then by 
extension out from the periphery of the original spot. At these 
sources of original infestation within the field, and on the outer 
margins of fields where infestation occurs to a considerable degree 
while the plants are young, wilt may occur over considerable areas 
prior to the maturity of the first crop. As the plants become older, 
however, susceptibility decreases and populations of the mealybugs 
build up without the mother plants wilting. By the time the plant 
crop has come to fruit and the young slips and suckers have de- 
veloped, mealybug populations have become extensive. The y6ung 
suckers and slips are extremely susceptible and it is at that time 
that fields, almost in their entirety, in the past, have "gone out." 
The occurrence of single plants wilted in scattered incidence 
throughout a field is somewhat confusing, but has been accounted 
for on the hypothesis that the plants have grown from planting 
material removed from mother plants after they had received a 
toxic dose from mealybugs, but prior to the expression of symp- 

lo Unpublished data. 
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toms. With the advent of mealybug control the occurrence of this 
type has been very much reduced. At the same time, edge infesta- 
tion has been held down to a minimum, and control of the infield 
areas of infestation is primarily a matter of locating them. Edge 
infestation, is of course, extremely variable, but in some cases is 
so constant and uninterrupted that a certain percentage of wilt of 
very young plants occurs in spite of frequent spraying. 

One of the most intriguing aspects of the problem is found in 
the evidence that the toxicity of a mealybug colony to pineapple 
plants is conditioned by the host plant from which it is transferred, 
and the further evidence that the toxicity of mealybugs from the 
roots of some grasses is intensified in succeeding generations reared 
on pineapples (32). The relative freedom from wilt during the 
first crop of pineapples planted in new land, in spite of the presence 
of large mealybug colonies which come in from nearby wild hosts, 
is all too frequently followed by serious wilt incidence, either in 
ratoons arising from the original planting, or in later crop cycles on 
the same land. From the standpoint of developing resistant varie- 
ties the same phenomenon is also significant, since there is some 
evidence 11 that mealybugs transferred from a test variety to that 
same variety are more toxic than mealybugs transferred from 
Cayenne to Cayenne. Conclusive evidence of resistance in a va- 
riety or hybrid can only be obtained when resistance has been 
established to mealybugs grown on that variety or hybrid. 

The insect as a toxieogenic species and the fluctuation in its 
toxiniferous state (40) are demonstrated by the fact that it is not 
necessary for mealybugs to have fed on wilted plants in order to 
produce wilt when transferred to pineapples, and by the variability 
in toxicity of colonies from different hosts, or in the case of pine- 
apples, from various growth states (32). The recognition of this 
last factor led to the use of mealybugs from the young wilting 
suckers on plant crop mother plants wherever such were available, 
in an effort to standardize the source of infection. 

Mass action has been considered in numerous experiments to 
determine the numbers of mealybugs necessary 'to produce wilt 
(42, 44). The experiments were conducted in order to determine 
whether the simultaneous action of a number of mealybugs was 
responsible for wilt, or whether mealybugs, as individuals, were 
toxic. There is, undoubtedly, a rough correlation when young 

xl U n p u b l i s h e d  data .  
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susceptible plants are infested, between the number of mealybugs, 
the length of time they feed, and the amount of wilt which follows, 
although in an experimental series there is extreme variability. In 
rare cases a single mealybug feeding for one day has produced wilt ; 
on the other hand, 100 mealybugs left on the plant for 10 days have 
produced only 10 per cent wilt. Since the insects used in these 
tests were from the same infested area, and were thoroughly ran- 
domized prior to separation into aliquots of various insect sizes, 
it is difficult to account for these differences other than as an expres- 
sion of plant susceptibility. The statistical aspect of the case has 
bcen considered, with rather disappointing results, due to the fact 
that expectancies for both individually toxic bugs and the effect 
of bugs acting en masse are so close, that even slight experimental 
variability is sufficient to render the results extremely difficult to 
interpret. Watson (248) has recently shown that in the case of 
the virus transmitting aphis she used, it could be demonstrated 
statistically that infection was the result of individual insects, 
rather than the insects acting en masse. The same writer has 
pointed out, on the basis of the present writer's data (42, 44), 
that the same conclusion could be arrived at with respect to mealy- 
bugs, provided the same statistical formula was used. TM Unfor- 
tunately this formula is invalid if plant susceptibility varies, and in 
the case of pineapples this factor is undoubtedly of predominating 
importance. The term "mass action" used in these studies is 
perhaps unfortunate, since mass action by organisms presumably 
occurs at the same point at the same time. When it is remembered, 
however, that the primary symptom of mealybug wilt is in the 
collapse of the roots, not only is the number of mealybugs signifi- 
cant, but also the length of time they feed, with an excellent prob- 
ability of the effect being accumulative. Indeed the long so-called 
incubation periods which have been noted may have been associated 
with the steady collapse of roots over a long period of time. In 
the spot infestations noted previously, wilt frequently does not occur 
until ratoon. If  such spots have been infested since planting time, 
a degree of wilt in ratoon is usual, even though the mealybug popu- 
lation has been kept down by periodic sprayings, and when wilt 
occurs, no mealybugs, or at most, very few are present. This could 
quite reasonably be interpreted as an accumulative effect on the 
root system over a considerable period of time. With final collapse 

12 Written communication. 
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of the entire root system, the resulting symptoms are similar to 
those obtained by a single infestation of a pineapple plant with a 
large number of mealybugs at the same time. The fact that wilt 
can be, and is being effectively controlled by contact sprays, which 
materially reduce the mealybug populations but rarely entirely 
eliminate them, is important evidence that the size of mealybug 
colonies and the length of time of feeding are significantly related 
to th~ production of wilt. Significant also is the converse, that 
residual populations following spraying will produce wilt if left to 
develop uninterruptedly. 

Recovery of pineapple plants from wilt was recorded in an early 
paper (32) and since that time it has become evident that the phe- 
nomenon is characteristic. When a plant wilts, the mealybug 
population disperses, although some individuals may remain. The 
plant may remain in a wilted condition for a considerable time, but 
turgor is finally restored to the central leaves and growth continues. 
Amount of recovery appears to be governed by the extent to which 
the plant wilts and its age at wilting; the younger the plant when 

wi l t  occurs the greater is the subsequent recovery. Fruits resulting 
from recovered plants are not usually of commercial size, and 
vegetative slips, if any, are small. This can be accounted for by 
the fact that such recovered plants usually fruit shortly after un- 
affected plants, and their reserves are largely depleted. Plants 
wilting down severely produce narrow hard leaves as they recover 
slowly. Such plants frequently do not fruit at the normal season, 
but hold over until the following year. Vegetative planting mate- 
rial from recovered plants has been grown, and thus far no evidence 
of wilt symptoms in such progeny has occurred; also, there is no 
evidence that vegetative parts from wilted plants reproduce the wilt. 

A comparison of the characteristics of viruses and toxins was 
tabulated by the writer in 1935 (39). The relation between the 
insect's feeding and the production of wilt as described in the 
previous paragraph, has no counterpart in any virus study thus far 
reported. The capacity to produce wilt is unquestionably inherent 
in the insect species, even though the toxiniferous state of the insect 
is not constant. There is no evidence for multiplication of the 
toxin in the plant tissue, and recovery and growth of symptom-free 
tissue is usual. 

Factors conditioning susceptibility of the pineapple plant to 
mealybug wilt are not understood at the present time. From ob- 
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servat ions  made  in more  pr imi t ive  agr icul tura l  areas  than Hawai i ,  
i t  appears  that  soil t ex tu re  and perhaps  soil p H  are  of  some impor-  
tance. T h e  development  of  wilt  in soils rich in organic  m a t t e r  
apparen t ly  occurs  very  rare ly  ( 4 3 ) .  I n  H a w a i i  there  is some 
evidence that  a micro-soi l  complex operates  (39, 42 ) .  

Control  of  mealybug  wilt  has  been effected by  a r r angemen t  of  
fields (31 ) ,  and  the development  and  use of  contact  insecticides 
(29,  36) .  A t t e m p t s  to control  P. bre~pes by means  of  in t roduced 
paras i tes  and  p reda to r s  have been made  over  a per iod  of  years  and  
several  species have become establ ished (37, 41 ) .  
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