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Abstraet. On the basis of observations made on more than 50 shoot axis galls on
different host ptants caused by fungi (in 2 plants), mites (in 4 plants) and insects (in 48
plants), the responses of different tissues of the stem to the cecidogenetic stimuli were
elucidated. The analysis lends itself to the fact that the behaviour of various tissues of the
shoot axes seems to be correlated to the initial position of the cecidogenetic agents. When
the gall inducing organism is external on the stem, the epidermis or the outer cortex
proliferate to form 'covefing growth' gall; when the cecidogen is in the cortex, the entire
cortex forros a '¡
type of gall. Likewise, the phloem, cambium, xylem and pith
proliferate cont¡
primarily to the cecidogenesis when the cecidogen is positioned in
these tissues. On the basis of the position of the gall inducing organism in the gall, and the
tissues that contfibute solely or primarily to the gall development, a classification of the
shoot-axis galls is proposed.
Keywords. Shoot-axis galls; cecidogen; cecidogenesis; histogenesis; classification.

1.

Introduction

The shoot-axis galls, irrespective of the diversified t a x o n o m i c categories of their
causative agents, appear apparently simple exomorphically. However, anatomically
and histologically, the stem galls are the m o s t complex types a m o n g the galls on
any other organs of a plant. The higher level of complexity of the shoot-axis galls
seems to be correlated to the fact that the stem is c o m p o s e d of diversified ceU types
and tissue systems at different stages of differentiation at the time of gall initiation.
Furthermore, the tissues of the shoot-axis have different levels of morphogenetic
potentials, and therefore exhibit different degrees of response to the cecidogenetic
stimuli.
The cecidogenetic organisms exhibit a r e m a r k a b l e degree of specificity of their
location in the stem galls, as well as the type of tissues on which they feed. An
anatomical survey o f more than 50 stem galls of different causative agents on
different host species showed a definite correlation between the position of the
p a t h o g e n within the shoot-axis and the o r g a n i s a t i o n of the resulting gall. Different
tissues of the y o u n g stem undergo differential hyperplasy a n d h y p e r t r o p h y during
cecidogeny, which seems to be determined largely by the position of the larva in
relation to the proliferating tissues. Tlae vascular c a m b i u m becomes modified both
in structure and function under the influence of concentration gradients of
cecidogenetic stimulus established by the gall organista. The cambial de¡
especiaUy the secondary xylem, are altered b o t h in their dimentional values and
organisation depending u p o n the position of the pathogen. The ultimate structure
and organisation of the gaUs on the shoot-axis are determined by the larval location
in the galls. Stimulated by these observations, in the present paper an attempt has
been m a d e to propose a provisional classification of various shoot-axis galls on the
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basis of the position of the gall inducing organisms in the galls and the tissues that
proliferate to contribute to the cecidogeny.
2.

Materials and methods

Most of the materials were collected from different parts of western ghats and a few
specimens were collected from the neighbourhood of Madras (table 1). The galls on
Astronidium, Metrosideros and Syzygium rubescens were collected by Dr M S Mani
fr£
the Fiji Islands who kindly spared them for investigation (Mani and
Jayaraman 1987).
Sections 10-20/~m thickness along different planes of the galls were prepared
with the rotary and sledge microtomes. These were stained either with 0.5%
alcoholic safranin and 0-25% fast-green, or with tannic acid-fer¡ chloride and
safranin schedule (Foster 1934). Xylem tissues were also macerated with Jeffrey's
fluid to study the tracheary elements.
Some of the galls studied at present are recorded for the first time and others
were already studied (Jayaraman 1980, 1986a, b, 1987a, b,c) and the information
obtained in these studies as well as those of others are also included for the present
classification.
3.

Observations

3.1 Galls on the axis of veffetative buds
Of the 8 bud galls studied, two are terminal bud galls and others occur on the
axillary buds. In both types of gall more or less a similar morphogenetic process
seems to operate during cecidogenesis. It involves the arrest of terminal growth due
to disorganisation of the apical meristem, and suppression of intercalary
meristematic activity of the shoot-axis. The result is the failure of internodal
elongation and inhibition of the growth of the leaf rudiments beyond the primordial
stage.
The axillary bud-galt on Zizyphus jujuba is exceptional in that the mites are
located externally on the buds and convert them into huge callus-like amorphous
bodies. In other cases, the pathogen is internal, positioned in the medulla of the bud
axis. In Antidesma sp. (figure I), Ipomoea staphylina and Pterospermum sp., the pith
meristem of the young galled axis proliferates diffusely scattering the procambium
into isolated strands which later differentiate into poorly discernible vascular
elements (figure 2). In CrotaIaria retusa and Tephrosia purpurea (figure 3), there is a
wide, axial larval cavity in the medulla of the gall, and the feeding stimulus of the
larva induces a circummedullary meristematic zone in the outer pith. This meristem
functions bidirectionally: the cent¡
derivatives contribute to the growth of the
gall, and the centripetal derivatives serve as nutritive tissue. The vascular cambium
originates normally, but its activity is limited and the quantum of vascular
derivatives is also poor (figure 4).
The axillary bud gall on Mimusops hexandra is curious in that it is perfectly
spherical, b¡
reddish brown, smooth, hard and deceptively simulating a fruit.
There is a wide central larval cavity occupied by a single larva. The growth of the
gall is by proliferation of the cortical tissues.
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Table 1. List of host plants studied and their gall makers.
Host plants
Acanthaceae
Amaranthaceae
Anacardiaceae
Apocynaceae
Asteraceae

Bixaceae
Capparidaceae
Convolvulaceae

Cucurbitaceae

Euphorbiaceae

Fabaceae

Gesneriaceae
Lauraceae

Lythraceae
Malvaceae
Melastomacear
Mimosaeeae

Moraceae

Myrtaceae

Oleaceae
Rhamnaceae
Rhizophoraceae
Rosaceae
Rubiaceae

Salvadoraceae
Sapotaceae

Ruellia prostrata Poir.
Achyranthes aspera l~inn.
Mangifera indica L.
Carissa spinarum Linn.
Eupatorium glandulosum
Kunth
Vernonia albicans DC.
Vernonia sp.
Vernonia sp.
Hydnocarpus alpina W.
Capparis sepiaria L i n n .
Ipomoea staphylina Roem.
and Sch.
lpomoea staphylina Roem.
and Sch.
Coccinea indica Wight and
Ara.
Momordica charantia L.
Antidesma sp.
Emblica officinalis Gaertn.
Hemicyclea sp.
Aeschynomene indica Linn.
Crotalaria retusa L i n n .
Pongamia glabra Vent.
Tephrosia purpurea P e r s .
Aeschynanthus perrottetii
A.Dc.
Cinnamomum sp.
Cinnamomum sp.
Litsea wightiana H k . f .
Ammannia rotala CI.
Sida cordifolia L.
Astronidium sp.
Acacia ferruginea DC.
A. leucophloea W i l l d .
A. leucophloea W i l l d .
A. leacophloea Willd.
Ficus bengalensis L i n n .
F. retusa Linn.
F. tsiela Roxb.
Metrosideros sp.
Syzygium jambolanum (Lana.)
DC.
S. rubescens (A. Gray) C.
Muell
Jasminum sp.
Zizyphus jujuba Lam.
Z. xylopyrus Willd.
Ceriops roxburghiana A r n .
Rubus sp.
Hedyotis swertioides Hk.f.
Mussaenda frondosa L in n .
Plectronia didyma Kurz.
Salvadora persica Linn.
Mimusops hexandra Roxb.
Mimusops hexandra Roxb.

Gall makers
Mite
Diptera
Diptera
Diptera
Diptera
Coleoptera
Coleoptera
Coleoptera
Diptera
Lepidoptera
Mite

Eriophyes sp.
Rhabdophaga mangiferae Mani
Procecidochares
utilis Stone

Piezotrachellus
sp.

Eriophyes gastrotrichus Nelepa

Diptera
Diptera
Diptera
Diptera
Lepidoptera
Lepidoptera
Fungus
Lepidoptera
Diptera
Lepidoptera
Diptera
Lepidoptera
Lepidoptera
Lepidoptera
Coleoptera
Diptr
Diptera
Lepidoptr
Coleoptera
Hymr
Fungus
Lr
Dipt•ra
Diptr
Diptr
Diptera

Neolasioptera cephalandrae
Mani
Lasioptera falcata Fr
Betousa stylophora Swinhoe
Physoderma sp.

Dactylethra
candida Staint.
Prolasioptera aeschynanthus
perottetii Marª

Nanophyes
sp.

Sphadasmus
braminus Pasco•
Trichilogastersp. (7)
Uromycladium sp.
Tinthia cymbalistis Mr

Diptera
Mite
Mite
Diptera
Diptera
Lepidoptera
Diptera
Lepidoptera
Diptera
Diptera
Diptera
Diptera

Eriophyes cernuus Massee

Thomasiniana salvadorae Rao
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Table 1. (Contd,)
Host plants

Scrophulariaeeae
Sterculiaceae
Tiliaceae
Verbenaceae
Gymnospermae

Sopubiatrifida H a m .
Pterospermum
sp.
Grewia
Tectona grandis L.L
GnetumscandensRoxb.

Gall makers
Lepidoptera
Diptera
Lepidoptera
Diptera
Diptera

Asphondylia tectonae Mani

The gall on the axillary and terminal bud axes of Acacia leucophloea is a
remarkable chalcid (.9) ga//. The axis of the young vegetative bud is infested with
many larvae and subsequently the bud develops into a spherical body with a
flattened top in which numerous tuberculate independent larval chambers are found
burried. The ground tissues of the axis are the rnain respondents of cecidogenesis
which give rise to the gaI1, while the vascular strands of procambiaI o¡
forma
system of net-work throughout the gall. Some of the vascular traces serve as
'irrigating strands' around the larval chambers.
3.2

Galls on the nodes and internodes of shoot-axes

Galls on the nodal and internodal regions of the mature shoot-axes are highly
variable with respect to the position of the cecidogen and the types of tissue that
react to the cecidogenetic action. The following categories of galls are recognised on
the basis of these factors.
3.2a Cecido#enetic a#ents strictly external: In a few types of stem gall, the
cecidogen remains external on the surface of the stem throughout Ÿ development.
On Ruellia prostrata the mite, Eriophyes produces erineal gall on the surface of the
stem, in which the epidermal cells give ¡
to profusely branched, long,
multicellular trichomes in the place of short unbranched hairs. The internal tissues
of the stem are least involved in this process. On L staphylina the mire Eriophyes
gastrotrichus induces a spherical covering growth gall, and on Zizyphus xylopyrus a
midge larva incites a 'cover-cone' gall on the stems (figures 5, 6). In both of these
galts, the cecidogens remain external on the stem surface and only the outer cortical
tissues proliferate to form the galls. The vascular tissues and vascular cambium are
not involved in cecidogenesis.
3.2b Cecidogenetic a9ents within the cortex: The cecidogenetic organism penetrates
the tender stem and establishes cavities in the cortex where it feeds on the
circumjacent tissue, The cecidogenetic stimulus is so circumsc¡
that it induces
only the cortical tissue outside the larval chamber to proliferate, least affecting the
stele. The derivation of the entire gall from the cortex is designated '¡
Purely cortical galls occur on Ammania rotala (figures 7, 8) caused by a weevil, and
on Aeschynanthus perottetii, Hedyotis swertioides, Mangifera indica and Sida
cordif.olia are induced by different midges. The galls of Synchytrium on vafious host
plants studied by Prakasa Rao (1973) come under this category.
3.2c

Cecido9enetic agents in the secondary phloem: In certain stem galls, the gall
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Figure 1-12. For caption, see p. 397.
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i n c i t a n t confines itself to the s e c o n d a r y p h l o e m at one o r m o r e places, either
u n i l a t e r a l l y (e.g. Mussaenda frondosa, Ceriops roxburghiana) or circumferentially
a r o u n d the vascular cylinder (e.g.S. rubescens). T h e c a m b i a l p o r t i o n in the vicinity
o f the cecidogen reacts to the cecidogenetic stimulus in such a way t h a t this small
segment of the c a m b i u m cuts off m o r e s e c o n d a r y p h l o e m t h a n s e c o n d a r y xylem, or
sometimes, xylogenesis is a l m o s t t o t a l l y s u p p r e s s e d in this sector of the c a m b i u m ,
so that the s e c o n d a r y xylem assumes a c r a t e r - s h a p e t o w a r d s the larval side when
seen in cross-section of the gall (figures 9, 10). I n S. rubescens, a p a r t from r e d u c t i o n
in the q u a n t u m of s e c o n d a r y xylem o n the side of the larval c h a m b e r s , there is
lateral d i l a t i o n of the a l r e a d y existing xylem rays, so t h a t the xylem elements are
r e d u c e d to n a r r o w radial bands. G e n e r a l l y , the s e c o n d a r y xylem p o r t i o n t o w a r d s
the larval c h a m b e r s exhibits r e d u c t i o n in lignification, vessel frequency a n d vessel
dimensions, a n d increased p a r e n c h y m a t i z a t i o n . T h e s e c o n d a r y p h l o e m , which
cont¡
to the bulk of the gall, also has m o r e p a r e n c h y m a tissue t h a n sieveelements.
3.2d Cecidogenetic agents in the cambial zone: In Ficus ben•alensis, F. retusa,
F. tsiela a n d Tectona grandis several l a r v a e o c c u r u n i l a t e r a l l y in the c a m b i a l zone at
s a m e o r different radial distances from the centre o f the pith. T h e c a m b i a l cells
proliferate u n i d i r e c t i o n a l l y by periclinal divisions, a n d s u b s e q u e n t l y elongate

Figures 1-12. Different types of shoot axis gall and transections (I, 3, 5, 7, 9, 11 not
drawn to the scale. The arrows in these figures indicate the level of sections of 2, 4, 6, 8,
10, 12). 1 and 2. Antidesma sp. shoot apex bud gall. 3 and 4. Tephrosia purpurea:
axillary bud gall. 5 and 6. Zizyphus xylopyru~, cortical origin of cove¡
gall. 7 and 8. Ammannia rotala: 'rinden gall' with internal larvat chamber. 9 and
10. Mussaenda frondosa: gall formed by proliferation of secondary phloem. 11 and
12. Ficus retusa: proliferation of the vascular cambium contributes to the growth of the
gall. Secondary phloem and cortex also proliferate to limited extent.
(AC, Air chamber;, CD, cambial derivatives; CG, covering growth of cortical origin; CZ,
cambial zone; Co, cortex; GC, gall derived from cortex; GM, gall meristem de¡
from
pith; IS, irrigating strands; LC, larval chamber; SP, secondary phloem; St, stem; VT,
vascular tissue).

Figures 13--24. Shoot axis galls: external forms and transections. (13, 15, 17, 19, 2 !, 23
not drawn to the scale. The arrows indicate the level of sections of 14, 16, 18, 20, 22,
24). 13 and 14. Capparissepiaria: interxylary larva and proliferation of xylem tissue. 15
and 16. Jasminum sp. medullary larval chamber, gall meristem formed by pith, vascular
cylinder remains intact. 17 and 18. Achyranthesaspera: many medullary larval chambers,
diffuse proliferation of pith tissue causing discontinuity of the vascular cylinder. 19 and
20. Pongamia glabra: single wide medullary l~rval chamber, proliferation of pith tissue in
addition to tangential expansion of xylem rays. 21 and 22. Sopubia trifuta: single irregular
medullary larval chamber and proliferation of xylem parenchyma breaking the vascular
cylinder into many 'stele-like' fragments. 23 and 24. Phyllanthusemblica: proliferation of
xylem rays splitting the vascular cylinder into fan-shaped segments.
(Co, Cortex; G, gall portion; GM, gall meristem; HE, ho¡
o¡
xylem elements;
LC, larval chamber, MV, masses of fragrnented vascular tissues; NT, nut¡
tissue; P,
pith; SV, segments of vascular tissues; SX, secondary xylem; SZ, sclerotic zone; VT,
vascular tissue; WX, wedges of xylem tissue; XR, xylem rays).

398

P Jayaraman

radially, so that the resulting galls are inva¡
hemispherical or elliptical
unilateral bulging on the stem (figures 11, 12). The cambial derivatives do not
differentiate into secondary vascular tissues; instead, they remain as thin walled,
much hypertrophied cells. In the opposite part of the stem, which is the gall-free
side, the cambial activity as well as the differentiation of the cambial derivatives are
quite normal. The secondary xylem in the galled portion, produced before the onset
of cecidogenesis, exhibits normal histology. On Aeschynomene indica the fungus,
Physoderma induces a shoot-axis gall by similar process of cambial hyperplasy and
hypertrophy.
3.2e Cecidogenetica9ents in the secondary xylem: Variations are observed in the
number of larval chambers, number of larvae in each chamber, and orientation of
the larval chamber with reference to the longitudinal and radial axes of the
secondary xylem of the stem. In Capparis sepiaria and Gnetum scandens there is a
single larval cavity, harbou¡
a single larva (figures 13, 14). In Hemicyclea sp.,
Metrosideros sp. and Syzy9iumjambolanum many larva1 cavities occur around the
secondary xylem at different vertical levels without definite positional relations to
the centre of the stem. Hydnocarpus alpina exhibits a remarkabte consistancy in the
pattern of dist¡
of the larvae in its gall: a series of radially elongated canallike larval chambers occur at different levels of the gaU, each chamber o¡
from the outer zone of the primary vascular cylinder and running up to the surface
of the gaU.
Whatever be the number, position and dist¡
pattern of the larvae, the galls
with the cecidogen positioned in the xylem cylinder exhibit the highest degree of
abnormalities of the xylem elements. The xylem tissue undergoes modifications both
at cellular as well as organisation levels. The vertical alignment of the fusiform
initials and radial orientation of the ray initials of the cambium are altered to
different planes at several loci of the gall. Consequently one can see horizontaUy
aligned vessels in transections, and radial view of the ray system in tangential
sections of the gall. AU these abnormalities seem to be precambial in origin.
Reduction in pore-frequency, pore-diameter and fibre waU thickness, poor
lig~nification of xylem ceils, tracheary elements of bizarre shape and size, conversion
of xylem parenchyma into sclereids and isodiametric vessel elements are some of the
post-cambial modifications observed in the gall tissues.
The first formed secondary xylem of the galled stem prior to cecidogenesis,
exhibits normal structure, typical of the unaffected stem. The xylem rays are quite
long, and uni or bise¡
The rays gradually become low and multiseriate in the
gall xylem accompanied by taagential dilation. In the outer part of the gall, the rays
as weU as the vertical elements undergo int¡
twisting and curling due to
physical pressure exerted by the tangentially expanding parenchyma cells of the
gaU. The latest de¡
of the cambium, found in the outermost portion of the
gall, are mere homogeneous parenchyma cells, and axial system of fibres and
vessels, and the horizontal system of rays are totally obliterated. Thus, the
cecidogenetic factors ofiginating from the interxylary larva probably introduce a
functional normalcy of the cambium with histological inhibition of the cambial
de¡
in addition to exaggerated xylogenesis. Further, an interesting
correlation has generally been observed between the positioning of the larva and
behaviour of the cambium. Whenever the cecidogen is situated external to the
cambium, there seems to be a retarded or suppressed xylogenesis, while accelerated
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xylogenesis results invariably, when the cecidogen is internal to the cambial zone
(compare figures 10 and 14).
3.2f Cecidogenetic agent in the pith region: The galls with the cecidogenetic
organisms located in the pith of the stem exhibit great variations with reference to
the types of tissue that contribute to the cecidogenesis. The cecidogen enters into
the pith when the stem is young and soft. In the lepidopteran galts studied, there is
only one, wide larval chamber, whereas in the midge and weevil galls there may be
one or many smaller larval chambers. Irrespective of the number of larva and larval
chambers, the following cecidogenetic patterns are observed among the galls with
medullary cecidogen:
(i) In Achyranthes aspera, Astronidium sp., Cinnamomum sp., Coccinia indica,
M. hexandra, Momordica charantia, Plectronia didyma and Vernonia spp., there are
many independent, small larval chambers scattered in the pith. The pith meristem
proliferates in a diffuse manner causing the growth of the gall. The larvae feed on a
few cell layers of the pith around the chambers, and hence, the pith remains intact
in all these cases. The primary vascular bundles and the subsequently formed
cambial cylinder are pushed peripherally by the expanding pith tissues (figures
17, 18). The cambial cylinder breaks at certain places in this process. However, in
other portions it remains continuous and keeps increasing in its pe¡
by
multiplicative mode of divisions, which is ah inherent feature of the vascular
cambium. This seems to help the cambium to keep pace with the growth of the gall.
However, the secondary xylogenesis is poor or negligible. In the gall on Plectronia
didyma, a cu¡
phenomenon is noted. The cambium breaks at several loci, and
the fragmentary cambia form independent circles, each such circle developing into
'amphicribral' type of vascular nodules in the pith.
(ii) The galls induced by weevils on Acacia leucophloea and Jasminum sp. ate
characte¡
by single wide larval chamber (figures 15, 16). The cecidogenetic
process operating in these galls is similar to that occurring in the bud-axis gall on
T. purpurea. While the larva bites and chews the pith ceUs, the outer pith assumes
me¡
potential and forros radial files of cells, which add to the growth of the
gall cent¡
and to the nutritive tissue cent¡
The vascular cylinder
maintains its circumferential growth, but remains thin due to retardation of additive
divisions of the cambial initials.
(iii) In the stem gaU on Pongamia glabra induced by an agromyzid insect,
concomitant with the proliferation of the pith tissue around the larval chamber, the
vascular cambium functions actively and produces a broad cylinder of secondary
xylem. Further, within the xylem, the ray parenchyma dilates tangentially fissuring
the vascular cytinder into several radial wedges (figures 19,20). These laterally
expanding vascular rays contribute a major share to the increase in girth of the gall.
The typical sto¡
structure of the xylem and the characteristic ¡
of the
rays found in the normal secondary xylem are totally lost in the gall xylem.
In Carissa spinarum the galls induced by a dipteran larva, are mostly nodal in
position. A single, fairly Wide larval chamber occurs in the pith. Though the larva
feeds on the pith tissue, there is no proliferation of the pith cells. The pith is eaten
and c0mpletely exhausted by the larva. It seems as though the cambium responds
to the larval activity and it consequently exhibits exaggerated xylogenesis. A broad,
dense cylinder of secondary xylem, several times thicker than the normal stem, is
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produced by the cambium. The secondary xylem of the gaU exhibits increased
seriation of the rays and general hypertrophy of the xylem etements. Further, the
change in the usual axial o¡
of the vertical elements of the xylem to
horizontal direction is quite frequent in this gall also.
(iv) The lepidopteran galls on Acacia suma, Litsea wightiana, Phyllanthus emblica,
Rubus sp. and Sopubia trifida are characterised by single wide central larval
chamber in the pith. Evidently, the larva feeds on the central portion of the pith and
the outer pith proliferates ceatripetally forming the nut¡
source for the larva.
The interfascicular parenchymatous sectors of the stem undergo profound
tangential proliferation cleaving the vascular tissues into independent masses of
varying number and size (figures 23, 24). In S. trifida the broken vascular segments
develop into partial or complete, independent cylinders, each with its own xylem
and phloem simulating a polystelic condition (figures 21, 22). The general tendency
that is evident in all galls with the medullary cecidogen is reduction in pore
frequency, pore size and lignitication of the tracheary elements, and simultaneous
increase in parenchymatisation of the xylem tissue.
4.

Discussion

The cecidogenetic stimulus in the mite and insect galls seems to be highly precise
and circumscribed in the sense that it diffuses in spechŸ directions into a limited
area of the host tissues from the point of origin. Du¡
the course of diffusion of
the stimulus, a decreasing concentration gradient is established in the gall tissue and
the gradient determines the different cecidogenetic fields of the developing gall
(Mani 1964).
In the shoot-axis galls, the extent as well as the direction of movement of the
cecidogenetic stimulus are determined by the position of the gall inducing organism
in the stem (Houard 1903, 1904). Ir carne into light in the present study that when
the organista is external or within the cortex of the stem, the cecidogenetic factor
does not diffuse beyond the zone of the cortex. However, when the cecidozoa is
positioned in the medullary part of the stem, the stimulus diffuses centrifugally
beyond the pith and affects the vascular tissues and the vascular cambium to
varying degrees. Thus, in the former case, the extent of cecidogenetic field
diminishes within the cortex, whereas in the latter, the zone of active proliferation of
the cecidogenetic field corresponds to the zone of vascular tissues and cambium. In
confirmity with Houard's observations, it is noticed in the present studies that the
reaction of speciŸ237
tissues of the stem is evidently correlated to the spacial relations
of the cecidozoa to the tissues concerned.
In the fungal galls, the position of the pathogen in the stem does not seem to be
specific nor specific to any tissues. Unless prevented by a mechanical barrier, the
mycelium, otherwise, spreads freely to various tissues randomly, and stimulates
them to proliferate to different degrees (Akai 1951). Thus, more than one type of
tissue of the stem may contribute to the cecidogenesis of the shoot axis galls of
fungal origin.

4.1 Classification of shoot-axis galls
The anatomy and organisation of the shoot-axis galls on the temperate host plants
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have been studied in great detail by Houard (1903, 1904). Houard, realising the
significance of the positioning of the cecidogenetic organism in the stem galls,
categorised them as acrocecidia and pleurocecidia. Among the pleurocecidia,
Houard recognised 3 types, namely, galls with the cecidogen entirely external on the
stem surface, galls with the cecidogen internal in the cortex, and galls with
cecidogen in the stelar portion. Mani (1964) added a fourth type of gall in which the
cecidogen occurs in the pith. Apart from these pioneering studies on the stem galls,
no detailed investigations of the histology and ontogeny of the stem galls seem to
have carried out adequately, or no attempts have been made to classify these
intriguing cecidogenetic patterns of the stem galls.
On the basis of observations on a number of shoot-axis galls, an elaborate
classification is proposed here. This classilŸ
aims at precise terminologies
which may convey the essential aspects of the shoot-axis galls, such as the position
of the gall inciting organista in the gaU and the tissue that responds to the
cecidogenetic stimulus in terms of hyperplasy and hypertrophy, thus contributing
solely or pfimarily to cecidogenesis. In certain galls, the proliferating tissue may be
nonspecific and diffuse as observed in certain fungal and bacte¡ galls. The mode
of morphogenesis of the galls in these cases may be unpredictable, and such galls
are grouped under a separate category.
4.2

Classification

Caulocecidia: AU types of gall developing on the vegetative shoot-axis including
axiallary or terminal buds.
Acrocecidia: Galls forming at the apices of the axes of terminal or axillary
vegetative buds (figures 1, 3).
Pleurocecidia: Galls developing in the shoot-axis, at any part other than apex.
The acrocecidia and pleurocecidia faU into any one of the following two classes
on the basis of the position of the cecidogen:
(i) Ectotrophic cecidia: Galls in which the cecidogenetic orgarª
remain
permanently external on the host surface.
(ii) Endotrophic cecidia: GaUs with the cecidogen occurring and feeding within the
shoot-axis.
The ectotrophic cecidia may be one of the following two catego¡
(i) Tunicogenous (Dermatogenous) cecidia: Ordy the epidermal cells proliferate to
forro the gall without practically involving inner tissues of the stem, e.g., Ruellia
pr ostrata - - filz-gall.
(ii) Corticogenous cecidia: The cortical tissues proliferate as a covering-growth to
enclose the ectotrophic cecidogen. No tissues of stelar origin contdbute to
cecidogeny, e.g.Z, xylopyrus (figures 5, 6).

Endotrophic cecidia: When the cecidogen is within the stem, the tissue that
proliferates depends upon the fact that the tissue in which the larva is positioned.
The foUowing ctasses of endotrophic cecidia may be recognised:
(i) Corticogenous cecidia: Proliferation of the cortical tissues leads to a lateral
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bulging which harbours the cecidogen; also known as '¡
e.g., A. rotala
(figure 8).
(ii) Librogenous cecidia: When the cecidogen is located in of around the phloem
tissue, the latter proliferates and forros the gall. In all librogenous gaUs studied, the
cambial activity is suppressed on the side where the larva is located, e.g.,
M. frondosa (figure 10).
(iii) Cambiogenou~ cecidia: Cecidogen is situated in the cambial zone; proliferating
tissue is p¡
the cambium, and cambial de¡
do not differentiate into
vascular tissues, e.g., Ficus retusa (figure 12).
(iv) Lignogenous cecidia: Galls with interxylary cecidogen; the proliferating tissue is
the xylem parenchyma of both axial and ray systems, e.g., C. sepiaria (figure 14).
(v) Medullogenous cecidia: Galls with medul!ary cecidogen and proliferating tissue
is the pith parenchyma, e.g., Jasminum sp., A. aspera (figures 16, 18).
(vi) Raygenous cecidia: Cecidogen located in the medulla; however, the pith tissue
does not proliferate; the interfascicular parenchyma or xylem rays protiferate,
sometimes cleaving the xylem into independent masses, e.g., P. glabra (figure 20);
Phyllanthus emblica (figure 24); S. trifida (figure 22).
(vil) Cecidium diffusum: Position of the cecidogen non-specific; tissue proliferation is
diffuse and unpredictable, e.g., certain fungal and bacterial galls. The galts of Albugo
on various species of Ipomoea fall under this category (Bedi and Singh 1968, 1974;
Singh and Kumar 1974).
While proposing the above classification, the author is well aware that the
proposal is provisional one in the sense that i t i s subject to elaboration/modiŸ237
tion on the basis of new fŸ
and intensive studies of more number of stem
galls. Ir is also believed that the ontogenetic investigations of more complex shootaxis galls is a rewarding task.
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