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INTRODUCTION 

1.1 HYPOCHAERIS BADICATA L. 

Hypochaeris radicata L., commonly called tCatsear', is 

probably the most widely distributed introduced weed in 

New Zealand. It is found throughout both islands from 

sea-level to near the upper limit of vegetation. The 

wide variety of ecological conditions it occupies 

includes such varied habitats as coastal sand dunes, 

all kinds of grasslands from city lawns to alpine 

snowgrass, exotic Cytisus scoparius Link and Lupinus 

arboreus Sims. and native Leptospermum scoparium Forst. 

scrub, Pinus and Nothofagus forests, Sphagnum and 

other bogs, and stream and riverbeds. It is extensively 

grazed by stock and rabbits, particularly in marginal 

pastures such as modified tussock grassland and 

reclaimed coastal dUnes. Cockayne (quoted by Healy 1962) 

rated it as one of the most palatable species and 

Hilgendorf (1926) considered-it the real stock-carrying 

plant of tussock grasslands. 

Healy (1962) gives the following description of 

~. radicata L. "Perennial, with stout tap-root, sometimes 

muiti-crowned; rough hairy with short hairs, rarely + 

hairless. Recognized by the thick, obviously hairy 

leaves with blunt lobes, dull green above and often 

bluish-green on the undersides, tall, usually branched, 

leafless flower stalks with scattered bracts, flower 
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heads large, outer flowers much longer than floral 

bracts and greenish or violet on the underside, 

fruiting heads with chaffy scales between the fruits 

which are all similar, beaked and with inner, long, 

feathery pappus hairs and outer, short, simple hairs. 

A variable spec s, the leaves ranging from nearly 

entire to deeply lobed, the lobes variously directed. 

The stalks of this weed commonly show the gall swell-

ings caused by the hymenopterous insect, Aulax 

hypochoeridis(KiefJ: this providing an additional 

diagnostic character." 

The last part in this description is particularly 

relevant as it mentions one of the major difficulties 

encountered during the course of this investigation, 

and also as it introduces the subject itself. 

1.2 VARIABILITY OF HYPOCHAERIS L. 

In the present study which seeks to elucidate the 

sequence of responses of a plant to·an external stimulus 

by an associated organism, homogeneity of material is 

most desirable. As Healy (1962)points out, H. radicata 

is very variable. Cockayne and Foweraker (1915) noted 

'many distinct forms apparently quite apart from changes 

in the environment'. 

+Aulax hypochoeridis (Kie£)= Phanacis hypochoeridis ( £) 
see Page 
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Variation is not confined to the leaves, but is 

found in the inflorescence stems (peduncles) as well. 

Some are thin and wiry while others are thick and 

succulent, and they mayor may not have a persistent 

central pith. 

As it was not practicable, for reasons which will 

be given later, to use clones or pure lines raised from 

'. seed, naturally occurring plants with similar external 

characteristics were utilized as host material. 

1.3 GALLS ON HYPOCHAERIS RADICATA L • . , 

The galls produced on the peduncles of Hypochaeris 

are fusiform swellings (see plate ~.l) usually 25-50 rom 

in length and 8-12 rom in diameter. Like the peduncle 

from which they form they are green and photosynthetic. 

Unlike the normal ungalled peduncle, which dries off 
r 

after about a month when the seeds are mature, the gall 

remains green and functional for at least three months. 

They appear on the young inf~orescences in late October, 

November and early December in Canterbury. After drying 

off in March the galls may persist on the plants for 

over a year, depending on weather conditions. 

1.4 PHANACIS HYPOCHOERIDIS (Kief.) 

The causative insect of the galls on H. radicata is 

a small black wasp, Phanacis hypoch<"eridis(Kief.) about 

2 rom in length, belonging to the family Cynipidae of the 
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Hymenoptera. Injection of an egg by this wasp into, the 

pith of the peduncle, and its subsequent development 

there, cause the formation of a gall. 

During its development the insect spends approx

imately a year within the gall. The free-living imago 

which seeks out and oviposits in new peduncles survives 

only two or three days. 

1.5 GALL PUBLICATIONS. 

Although galls were mentioned in the works of herbal

ists dating back to the time of the ancient Greeks, the 

first critical cecidological study was that of Malpighi 

(1686). Subsequently a voluminous literature dealing 

with all aspects of galls has appeared. It is beyond 

the scope of this thesis to review all of these publicat

ions, but excellent surveys by Kuster (1930) and Mani 

(1964) cover most facets of the subject adequately. 

The publication most directly relevant to this study 

is that of Houard (1903). This extensive work encom

passes numerous galls, including that on Hypochaeris 

radicata L. In his description of Hypochaeris, Houard 

gives brief outlines of the structures of a normal stem, 

a young gall and an old gall. The examples he 

describes are of unknown age and do not appear to be 

typical representatives in all respects. 

1.6 CAUSATIVE AGENTS. 

Galls may be defined in the widest sense, as any 
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abnormal enlargement of plant cells, tissues or organs. 

Among the diversity of factors responsible for the 

induction of galls are physical, chemical, genetic, 

biotic and unknown agents. 

a. Physical factors 

Physical factors, such as wind and snow, can cause 

wounding which results in the growth of callus or co~k 

by the plant. Bloch (1952) considers this aspect in 

detail. 

b. Chemical factors. 

Chemical factors are well known as carcinogenic agents 

in animals. Levine (1942) reviews the effects of 170 of 

these substances which cause similar limited neoplastic 

growth in plants. As well as these, naturally occurring 

plant hormones such as traumatin and auxin, are known to 

be involved in tumour and gall production. 

c. Biotic Factors. 

In the majority of cases galls are responses of the 

host plants to parasitism by some other organism. 

These parasites include bacteria, fungi, nematodes, 

mites and insects. 

Galls caused by Bacteria (Bacteriocecidia). 

Examples such as the well known crown gall organism 

(Agrobacterium tumefaciens (Sm. and Towns.)) and the 

root nodules of legumes caused by Rhizobium radicicola 

Beij. are some of the most intensively studied of all 
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galls. Klein (1965) mentions that there are over 3000 

publications dealing with the former alone. 

Galls caused by Fungi 1Mycocecidia). 

Like those of bacteria, fungal galls are usually amorphous 

swellings of organs of the host plant caused by intercellul-

arpenetration of the parasitic hyphae. The large reddish-

brown swelling on Acacia~. resulting from infection by 

Uromycladium tepperianum (Sacc.) McAlp. described by 

Burges (1934) is a typical example. 

Galls caused by Animals (Cecidozoa). 

Nemathelminthes. Nematodes are the main cause of root 

galls, although they may be found elsewhere on plants. 

Galls caused by them are characterized by simple 

hypertrophy and the formation of multinucleate ant 

cells. A detailed account of the family responsible, 

the Tylenchidae, and their galls, is given by Goodey 

(1929). 

Acarina (Mites). Because of their minute size these 

animals are able to attack ,and stimulate single cells. 

The enormous hypertrophy of epidermal cells responsible 

for the complex outgrowths and foldings so characterist

ic of these galls, results from the attack by large 

numbers of mites. 

Insecta. Galls caused by insects encompass the whole 

gamut of shapes and complexities known. They range from 

the simple puckerings of leaves due to hypertrophy of 

epidermal cells attacked by Thysanoptera (thrips) to the 
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complex and unique modifications and outgrowths caused 

by some of the higher Cynipid wasps and Cecidomyiids 

(gall midges). Extensive reviews of their diversity of 

shapes and structure can be found in Houard (1903 etc), 

Kuster (1930) and Mani (1964) 

Galls caused by Viruses. 

Viruses such as the wound tumour virus of Melilotus 

~.(Black 1945) are known to cause callus growth on many 

plants. 

Galls caused by Genetic Factors. 

Genetically caused tumours have been described. 

Those occurring.on Nicotiana hybrids (Whitaker 1934) 

are examples. 

Galls of Unknown Origin. 

As well as the factors mentioned, tumours of unknown 

aetiology have been recorded on Picea glauca Voss by 

White (1958). 

1.7 TYPES OF GALLS. 

Because of their great morphological variety, 

numerous cecidologists have proposed elaborate class

ifications based on both external form and internal 

structure. Although these systems have some applicat

ions, particularly in keys such as those of Felt (1940) 

and Buhr (1964), they are not able to take into account 

the many intermediate forms known and so are of limited 

use. 
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Summaries based on the classifications of earlier 

workers (Thomas 1877, Houard 1903 etc, Kuster 1911) 

are found in Mani (1964) and Bloch (1965). 

1.8 THEORIES OF GALL FOR..~ATION BY INSECTS. 

Numerous theories have been proposed to account for 

the formation of plant galls by insects. Most theories 

accept that the nature of the stimulus chemical. 

Controversy arises concerning the origin and nature of 

these substances. Suggestions concerning their origins 

are: 

1. A fluid introduced by the adult insect during 

oviposition. 

2. A substance diffuses from the egg. 

3. A sUbstance is released by rupture of the egg membranes. 

4. There is production of stimulatory sUbstances by the 

larva or adult as salivary secretions, waste products, 

or diffusates (enzymes). 

5~ Bacte~ia, associated with the parasite, produce the 

causative agent. 

6. Viruses, associated with the vectors, are the cause. 

7. Wounding or other physical irritation results in the 

production of wound hormones etc. 

Suggested compounds with cecidogenic activity include 

auxins and other growth hormones, aminoacids, vitamins 

and enzymes. 

The suggestions mentioned here are considered more 

I 
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fully in the discussion. 

1.9 AIMS. 

The aims of the present investigation fall naturally 

into three categories. 

The first is to find out in what way the growth 

processes of the gall are .related to recognizable 

phases of the insect's ontogeny. Any effects attribut

able to oviposition, or to the development, emergence 

and feeding of the larva may be considered here. 

The presentation of a qualitative account of the 

changing morphology, anatomy, cytology and ultra

structure, based on the examination of sections of galls, 

cultivated under laboratory conditions and of known ages, 

is the second aim. 

Finally, a quantitative analysis of certain of the 

developmental changes in size and number of cells and 

nucle~, is considered to be of interest for two reasons. 

Firstly, the inherent variability of H. radicata makes 

conclusions based only on the examination of limited 

samples of questionable value, and secondly, a normal 

stem cannot be used as a control for comparative 

purposes because of the early degeneration of its pith. 
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1.10 METHODS AND MATERIALS. 

Collection and treatment of Plants and Insects 

Plants of Hypocha~ris radicata were collected from 

one area of sandhi lIs a few hundred yards long half a 

mile north of Waimari Beach. This locality was chosen 

as plants were thickly distributed in a narrow strip 

among marram grass (Ammophila arenaria)(L.) Link) on the 

summit of a single row of coastal dunes. Behind this 

were several hundred yards of dense scrub (Lupinus 

arboreusJ backed by a large plantation (Pinus radiata',U.Don. 

Such a locality is more conducive to uniformity among 

Hypochaeris plants as there are fewer variants coming 

in from other sources. Greater variation is seen in 

more open situations. 

As much as was possible, plants of approximately the 

same size, single rosettes, of similar leaf form, were 

chosen and removed with their roots intact.. After 

further selection and removal of any dead leaves the 

plants were potted in a mixture of equal parts of dune 

sand and sterile loam.. Recovery was rapid, most signs 

of wilting lasted for two or three days only.. Normal 

glasshouse conditions were used over the next four 

o 
months, with temperatures ranging from 50"80 Fe 

Daylellgth and light were natural, an'd watering was 

carried out once daily in the morning o Growth was good 

over the period of experimentation (Plate 1.2) but fell 
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off badly in the later part of the summer when flowering 

had finished. This was probably due to a lack of nutri

ment but could be a natural response of the plants. 

Collection of the insects used in gall pro;ductiion 

was facilitated by their long winter prepupal diapause. 

Galls were collected in August and September from plants 

growing on dunes between South Brighton and Woodend 

Beaches. Dried galls, without escape holes were select

ed and stored in polythene bags", Most of these galls 

contained one or more insects at an early pupal stage. 

Galls were stored in a cool-room between 45 and 50
0

F in 

order to slow down development and spread emergence 

over a longer period G As development of the wasps was 

controlled to some extent by temperature at this stage 

of their life-cyc~e9 it ,was possible to arrange for 

the, first to appear .in late October and the last to be 

delaYed until January",:Wa~psheld at .lower temperatures, 

390F~ forseveral,months~ usually died, but a few were 

retarded and emerged,~n,March. Howeve~, most of these 

seemed infertile. 

Theemerging'insects congregated in the upper part 

of the pol~he~e bags,nearest the light source •. They 

were shaken onto a sheet of white paper and trans

ferred to aho~ding jar for ,a short ,Period9 ,As soon as 

J 

, , 

j, ~ 



Pl t 1.3 

n progr s. n b e s e n on th ot - n -\ 01 

pl ug 1n he 2in x I " 
:.! 1 n "Lube On t.lw r igh 

(x ~) 



12 

poss~ble. they were removed with a fine sable hai~ brush 

to 3 f X t inch glass tubes stoppered with cotton wool. , 

At first 3 x It inch plastic bags were used, but as the 

insects tended to become wedged in the corners the 

use of these was discontinued. Four insects were placed in 

each tube. 

Inoculation of the plants with eggs. 

In the glasshouse developing peduncles had small 

wads of cottonwool wrapped around their bases. The 

tubes of insects were held inverted until the wasps 

crawled to the top. They were then quickly and gently 

placed over the young inflorescence and the cottonwool 

packed lightly into the opening to prevent escape of the 

wasps (Plate 1.3). 

Condensation from transpiration accumulated in the 

tubes in such quantities after about four hours that 

it usually caused the wasps to stick to the sideso 

This limitation of freedom was a definite advantage 

in curtailing the period when oviposition was able to 

take place .. 

There was no way of controlling or knowing the 

number of eggs, if any, laid .. 

As mentioned in the section dealing with the insect 

fine warm conditions were needed to bring about 

oviposition .. 

After oviposition the wasps were carefully removed 
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to ensure that no strays caused galls of unknown ages .. 

Microscopy. 

Most material was fixed in formalin - aceto ~ alcohol 

of the usual concentration (see appendix I) dehydrated 

by Johansen's (1940) tertiary butyl alcohol method 

(appendix I) and embedded in Gurr's 54
0 

M.P" Paraffin 

wax. Some plasmolysis always occurred. Sections were cut 

at 12 microns using a Jung rotary microtome" 

Much of the staining was carried out using a safranin ":" 

fast green combination (appendix I)., With this combination 

nucleoli appear bright red, nuclei purplish red, cell walls, 

cytoplasm and chloroplasts appear blue, lignified cell 

walls, etc, stained pinke 

As the safranin - fast green combination gave rather 

feeble contrast with some of the thin-walled highly 

vacuolate parenchyma, toluidine blue' as a 1% aqueous 

solution was frequently used'instead" This polychromatic 

stain (Gurr 1960) coloured most structures blue or purple 

but with differentiation quite good reds were obtainable" 

In order to obtain a clearer picture of nucleolar 

structure the above stain was used according to the 

toluidine-blue-molybdate method devised by Love and Liles 

(1959) and adapted to plant tissues in paraffin by 

Chouinard (1964) (see appendix I). 

This method utilises the coupling of toluidine-blue 
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stained phosphoryl groups from nucleic acids, with 

molybdate to produce metachromatic polymers distinctive 

for each nucleoprotein. 

Fixation for this method 

(appendix I). 

by Hellyts solution 

As there was some plasmolysis of the highly 

vacuolated pith cells with F.A.A., glutaraldehyde, the 

fixative used for fine-structure studies, was tried. 

According to Moss (1966) this fixative, in combination 

with methyl-green pyronin, gives excellent results for 

light microscopy, with plant material. Staining of 

~chaeris pith cells by this method was too faint to 

give any further information. 

Method of Determining Cell Diameters. 

The cells selected for measurement were situated in 

the central pith of the widest part of the gall, or as 

near as possible to this point any breakdown had 

occurred. The humber of cells covered by 5 units 

of an eyepiece micrometer s6ale was used to calculate 

the average diameter in microns. 
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THE NORl\1A.L INFLORESCENCE 

2.1 FLOWERING OF HYPOCHAERIS RADICATA. 

Flowering normally begins in late October and reaches 

a maximum in late November and December in Canterbury. 

Flowers continue to appear in decreasing numbers until 

late April. In relatively frost-free situations, egg .. , 

coastal hillsides,some flowers may appear in early 

September. Under optimum conditions flowers can appear 

in the same season as germination, but it is more usual 

for plants to remain as a vegetative rosette and flower 

in their second season.. With the exception of small 

plants growing in unfavourable situation~ e .. g .. ,tussock 

grassland, more than one inflorescence is produced, 

older plants producing perhaps a score from several 

rosettes o Those peduncles produced initially are 

most vigorous, subsequent ones tending to be shorter 

and more wiry, and less favoured as sites for ovi

position .. 

In this investigation plants of H. radicata 

subj~cted to long periods of unnatural conditions,e.g., 

potted plants in shade houses or glasshouses, showed 

definite inhibition of flowering" It was necessary to 

allow the plants to winter under natural conditions to 

obtain maximum flowering. Evidence of this was 
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inadvertently obtained when one hundred and fifty plants 

were transplanted from coastal sand dunes to pots in the 

glasshouses in May 1966, and although apparently healthy, 

with a few exceptions, failed to flower by November when 

they were required for oviposition experiments. This made 

it impossible to conduct the planned experiments. Plants 

growing naturally could have been used but as there was no 

reliable method of ensuring that natural infection by wasps 

had not already taken place, there could be no certainty 

of the exact age of the galls •. As natural flowering that 

year appeared quite normal in plants growing outside, the 

inhibition was presumed to be due to the higher minimum 

temperature of the glasshouse. 

Flowering is probably due to a correct balance between 

day length and temperature. Rappaport and Bonner (1960) 

reported that treatment with 50-1.00 mgm of giberellin weekly 

would cause flowering in the closely related endive, under a 

variety of light and temperature conditions. 

These results are in agreement with those obtained by 

Borthwick, Parker and Scully (1943) who found that none of 

their varying photoperiods of 8 - 18 hours completely 

inhibited the development of flower primordia into mature 

flowers of Taraxacum kok-saghz, another similar rosette 

composite. Working with the same species, Siniavskii (1936) 

discovered forms which flower only after low temperature 

treatment, in contrast to others which flower without such 

treatment. 
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Although final elucidation of this problem lies outside 

the scope of this investigation, it seems probable from 

experimental work that Hypochaeris radicata conforms to the 

usual pattern shown by rosette plants in needing low temper

atures for vernalisation followed by days of more than 

twelve hours, to induce flowering. 

2.2 DEVELOPMENT AND ANATOMY. 

a. Early Development of Capitulum and Peduncle. 

Development of the capitulum and peduncle of Hypochaeris 

follows the usual sequence of events occurring in rosette 

type Compositae. Lateral buds in the axils of some of the 

radical leaves develop into long sparsely-leaved flower 

stalks. One or more of these leaves, often reduced to 

scale-like bracts, may subtend an axillary bud which also 

develops into a branch surmounted by a single capitulum. 

The nwnber of flower stalks developing and their degree 

of branching appear dependant on the age and luxuriance 

of the plant.. Plants growing in harsh sub-alpine 

conditions often produce only a single unbranched stalk 

two to three inches tall, while those growing in a 

fertile loam develop several peduncles which may branch 

to the tertiary leve1 9 (Plate 2.1) 

bl) The apex 

The younger stages in the development of the 

inflorescence appear to follow those of Bellis perennis L. 

as described by Philipson (1946). 
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As in Bellis perennis there is a strongly arched: 

apex which overtops the primordium of the highest 

leaf, presumably due to a similar elongation of 

the cells immediately below the apical meristem. 

It follows the frequent dicotyledonous arrangement 

of a two-layered tunica surmounting a corpus, which 

consists of a lens shaped mass of meristematic cells. 

At a slightly later stage it has the same extensive 

peripheral meristem extending well down the arch 

from which the primordia of the involucral bracts 

and flowers will arise (Plate 2.2 ). 

C ll Bracts 

The bract primordia first appear as periclinal 

divisions in the second tunica layer. A double 

circle of these involucral bracts divides the 

receptacle from the peduncle of the inflorescence 

rUdiment .. 

As it is this latter structure which is of major 

interest in this study the main emphasis will be 

devoted to the ontogeny of this region and its 

tissues and only limited mention made of the devel

opment of the capitulum. 

de Differentiation and Maturation of TissuesQ 

Differentiation and maturation of some of the 

tissues commences at a very early stage, when the 

inflorescence rudiment still consists of a dome

shaped meristem, the 'manchon meristematique' of 
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Gregoire (1938). This peripheral meristem is concerned 

with the production of the involucral bracts and florets, 

and in increase in breadth of the central mass of the capit

ulum. In addition the provascular strands are separated 

from the peripheral meristem, after formation of the bracts, 

by an upward progression of vacuolation of the cortical 

tissue (Philipson, l.c.) (Plate 2.3). As in Bellis, 

vacuolation of the cortical cells does not appear to 

affect the provascular strand to the bract, although 

maturation of the cells immediately above leads to the 

formation of a 'leaf-gap'. Similarly, in the region 

of the peduncle, maturation of longitudinal series of 

cells, the primary medullary rays, divides the 

provascular cylinder into a number of provascular 

strands, usually 15 or 16, which extend down the full 

length of the inflorescence to the vegetative region. 

e. The Vascular System of the Capitulum. 

The vascularisation of the capitulum will not be 

elucidated in detail as it lies somewhat outside the 

scope of this work. However, it follows in general 

pattern that of Bellis with the formation of an 

involucral collar giving off traces to the involucral 

bracts, and forming a network following the parastichies 

on which the flower primordia lie. Traces to the 

flower primordia also appear to follow the pattern 

described by Philipson with branches being given off 
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, 
to those adjacent. The lozenge shaped gaps he' describes 

in the network and flower traces can be seen iri plate 2.4 

f. The Elower 

Development of the flowers themselves is very 

similar to that described for the closely related 

Lactuca s~iva by Jones (1927). The individual flowers 

arise acropetally on the receptacle. In the flowers, 

petal lobes appear first as protuberances on the margin 

of the floral primordium. As a result of the intercal

ary growth of a ring of tissue they are raised leaving 

the central part of the flower primordium cup-shaped 

(Plate 2 .. 5 ). 

The stamens appear as protuberances on the inner 

side of this cup-shaped structure and the pappus as 

smaller protuberances occur later on the outside. 

The two carpels originate from the inner lower walls 

and enclose the ovarian cavities, becoming prolonged 

as a solid compound style with, finally, a two-part 

stigma. Intercalary growth above and below the 

insertion of the stamens results in a corolla tube .. 

The free parts of the stamens also elongate and 

development of the filaments and anthers takes place 

(Plate 2 .. 6). 

~ The Epidermis 

The other tissue formed from the peripheral 

meristem, strictly speaking from the outer tunica 
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layer, is the epidemis. Numerous anticlinal divisions 

and more densely staining contents show that this tissue 

rema'ins meristematic for some time. Epidermal cell 

counts made on young stems at the stage of floral differ

entiation showed less than two-thirds the number found in 

mature stems (280:480). Counts were made around the 

circumference of the first node below the capitulum. 

As mentioned previously the epidermis is separated 

from the provascular strand by an upward progression 

. of vacuolation in the cortical tissue. 

Formation of stomata follows closely that described 

by Esau (1953) and De Bary (1884) in Nicotiana. The very 

densely staining stomatal mother cells divide anticlinally 

and form the guard cells, sometimes with the simultaneous 

appearance of a substomatal chamber and intercellular 

cortical spaces as described by Tetley (1932). 

Multicellular trichomes, common on the leaves, are 

formed very rarely from the peduncle epidemis. 

h. The Vascular System of the.Peduncle. 

The division of the provascular cylinder by maturation 

of primary medullary rays has been mentioned. The 

development of helical thickening of the differentiating 

protoxylem of these vascular strands, progresses as the 

peduncle begins to elongate, reaching up as far as the 

internode and leaf below the capitulum by the time all 
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primordial floral organs have formed. Above this appears 

only procambium. From one to four protoxylem vessels, 

separated by xylem parenchyma, occur in a vascular bundle. 

The rapid ~longation of the peduncle causes considerable 

stretching of the helix at an early stage, so that its 

coils appear widely spaced compared with those of the 

next formed vessel. Concomitantly there is different 

ation of metaxylem elements, also with helical thickening. 

Early stages of phloem differentiation are obscure. 

Greatly elongated thin-walled cells which are presumably 

protophloem can be seen in young elongating peduncles. 

Enlargement of the other cells of the bundle causes 

their obliteration so that they are no longer visible 

in more mature stems. Metaphloem sieve elements are 

long and relatively delicate, with small transverse 

sieve plates. 

The phloem or pericyclic fibres, so prominent as 

bundle caps in more mature stems, appear very early in 

the ontogeny of the peduncle as discrete groups of 

densely staining cells. Although the phloem and xylem 

are still immature at the time of the appearance of the 

fibres, it is probable that their derivation is of 

similar origin, from the procambium (Esau 1943b,c,1950). 

i. Laticifers. 

Articulated anastomosing laticifers, as defined by 

Esau (1953) are a feature of all members of the Cichorieae 
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(Compositae) to which Hypochaeris belongs, and have been 

studied intensively by Sperlich (1939).. Laticifer 

primordia are visible in the hypocotyl and cotyledons 

of the embryo in the mature seed of this group (Scott 

1882)_ In the Cichorieae as the plant develops from 

the embryo, the laticifer vessels are extended by 

differentiation of further meristematic cells into 

laticiferous elements. Differentiation is therefore 

acropetal. Adjacent vessels may fuse and lateral 

protuberances are sent out which fuse with those of_ 

another vessel until an anastomosing network has formed. 

In Hypochaeris radicata, as in most Cichorieae, 

laticifers are associated with the phloem and can be 

detected in juxtaposition to the starch sheath in 

very young peduncleso In mature plants they can be 

found among the pericyclic fibres as well. It is 

interesting to note that Zander, Stahl, Piccioli and 

King, reported in Haberlandi; (1914) found that laticifers 

ramified throughout the mesophyll of the leaf of 

Hxpochaer~ and linked up with latex hairs developed 

from epidermal cells. ~Aen wasps were crawling over 

the leaves and involucral bracts during oviposition 

experiments to induce galls for this work, it was 

noticed that many hairs were broken and exuded latex" 

The presence of a drop of latex on the surface wa~ for 

this reason, no indication that oviposition had occurred. 
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Features of the developmental anatomy of the 

inflorescence of particular concern to this investigation 

are the tissues derived from the ground meristem. These 

are the cortex, medullary rays and pith. 

As mentioned earlier, a progressive vacuolation of 

the peripheral meristem results in the early maturation 

of the cortex, and similarly longitudinal bands of cells 

in the provascular cylinder vacuolate and become the 

interfascicular parenchyma of the medullary rays 

(Philipson 1947) 

j" The Cortex. 

Cortical cells, apart from increasing in numbers by 

both anticlinal and periclinal divisions and considerable 

increase in size during elongation of the inflorescence 

axis, undergo a certain amount of specialisation into 

chlorenchyma, starch sheath, and collenchyma in the 

angles (Plate 207 ). 

The ,development of chlorenchyina appears to parallel 

that of the spongy mesophyll in leaves (Fitzpatrick 

1934) J (MacDaniels and Cowart 1'944).. At the time of 

differentiation of stomata the first signs of loss 'of 

contact between cortical cells, with the beginnings of 

intercellular air cavities can be found e Further 

elongation of the peduncle appears to enlarge these 

spaces .. 

kg The Starch Sheath. 

The starch sheath becomes visible as enlarged 
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vacuolate cells in the peduncle below the involucral 

bracts while the flowers are still primordia. It is 

considered to be homologous with the endodermis by 

Guttenberg (1943). The starch sheath of most plants 

usually extends for only a few centimetres below the 

apical meristem (Fischer 1900)" but in Hypochaeris 

it persists for many weeks in the galls;, and could be" 

depending on the galls position" 20 centimetres or 

more from the apex. 

1 .. COllenchyma. 

The cells in the angles of the stem do not appear 

to originate by periclinal divisions of epidermal cells 

or protoderm and should not therefore be considered as 

a multiseriate epidermis, although they have considerable 

resemblance to those of some types of water storing 

tissue ~insbauer 1930,. Large vacuolated cells appear 

in the angles of the peduncle soon after the whorls of 

involucral bracts have formed and persist as one or two 

layers throughout the life of the inflorescence (Plate2.7). 

They show very little thickening of the primary walls 

compared with the usual types of collenchyma, appearing 

in longitudinal section very similar to elongate pith 

cells. However" the angles of stems are usual places 

to find collenchyma, and mention of its occurrence in 

such places is recorded by Esau (1936) in celery,and 

Eames and MacDaniels (1947) in the more closely related 
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stem of Lactq.ili! and peduncle of Tarax~~. They could be 

classed as lacunate collenchyma .. 

m, fith 

The tissue most affected by the presence of the 

cecidozoan is the pith. Since it is initiated as a 

rib (file) meristem, its cells are arranged in longit-

udinal files as described by Rouffa and Gunckel (1951). 

for Rosaceous plants9 Philipson (1946) notes the 

occurrence of a cambium-like zone, similar to that 

described by Ball (194l) for Phoenix, cutting off cells 

regularly and forming a file meristem in some examples 

of Bellis. Nothing of this nature could be distinguished 

in Hypochaeris where cells cut off by the rib meristem 

increase rapidly in size and become vacuolated, and are 

added to by similar cells differentiated from the 

peripheral meristem Q Small intercellular spaces occur 

which enlarge considerably as a result of elongation of 

the peduncle.. The mature. pith is typical parenchyma 

with a high degree of vacuolation, thin walls, and a 
, 
I 

very thin peripheral cytoplasm and nucleus. 

, The cells of the medullury rays are identical to 

those of the pith, being large, thin walled, and highly 
,t ' 

vacuolate. They intergrade with the more elongate 

narrower cells of the xylem parenchyma. Walls of all 

these cells show primary pit fields o 
! , "1 

.' I. 

, 
, t 



no Mature Tissues 

Matura'tion of all these tissues and organs follOl~S 

the normal course of events for a herbaceous 

dicotyledonous stem. An account of the early rupture 

of the pith to give a hollow pedullcle will be given 

elsewhere. 

In stems 50cm tall and eight weeks old, where the 

flowers have died off and only the t\~O lo\vest internodes 

remain green the follo\ving structure exists: 

The epidermis has become well cutinized and thickened 

to a limited extent on the outer surface, as described 

by Priestley (1943). Guard cells are of approximately 

the same size radially· as other epidermal cells .. Cortical 

tissues have shmm little change, the collenchyma in the 

angles and chlorenchyma are slightly larger and in the 

case of the former, the walls slightly thicker than in 

a very young sterno The starch sheath has lost all 

starch grains" 

Fibres of the bundle cap show considerable 

sclerification. A.. similar thickening of the outer 

medullary ray parenchyma has cOllverted it to collenchyma, 

sotha't, in conjunction with the pericyclic fibres, it 

has formed a continuous cylindrical supporting tissue 

enclosing the vascular bundle~ and pith .. 

Laticifers are more numerous in mature peduncles , . 

than in younger ones, occurring in most of the 

angles between the starch sheath cells and the 

sclerenchyma and collenchyma. This points to 
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there being continuing ramifications of these ducts 

during the life of the inflorescence axis. 

Metaphloem and metaxylem are fully formed" the 

last formed vessels having pitted walls in contrast 

to. the helical thickening of those formed first. A 

brownish colour in fresh sections could mean that 

some deposition of tannins has occurred in the xylem 

parenchyma. The pith cells appear entirely vacuolate 

with no inclusions.. Primary pit fields are distinguish

able on many of the cell walls. 

Modification of the structures and processes 

mentioned in this chapter" caused by the presence 

of the cecidozoan" will be examined in a later 

sectiono 



30 

THE INSECT 

3.1 CLASSIFICATION. 

Phanacis hypochoeridis (Kieffer) Eady and Quinlan, 

is a small wasp with a phytophagous larva belonging 

to the Cynipoideao Members of the Cynipoidea, one 

of the smaller superfamilies of the parasitic 

Hymenoptera, are mostly very small insects, usually 

black, although some may be 'partly or wholly red or 

yellow, and are often sculptured~ Most are 

entomophagous, but one subfamily, the Cynipinae, are 

almost all phytophagous and gall forming. It is to 

this subfamily that the gall former of this investig-

ation belongs. 

Phanacis hypochoeridis was first described by Kieffer 

(1887) as Aulax hypochoeridis, and later included in 

his revision of the group (Kieffer 1910). Because of 

the great morphological similarity of these small 

wasps, leading to uncertainty in the delimitation 

of genera, it has also been placed in Aylax and 

Aulacidea. All three were used in recent publications 

e.g. Aulax hypochoeridis in Felt (1940)~ Ayl~ 

hypochoeridi§ in Mani (1964) and Aulacidea hypochoeridis 

in Buhr ~96~o Finally, Eady and Quinlan (1963) 

in their review showed conclusively that it should 

be transferred from Aulacidea to Phanacis Foerster (1860). 
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3.2 DESCRIPTION. 

Phanacis hypochoeridis (Plate 3.1) is a typical 

member of this subfamily in appearance, being from 

2 - 2.2 rum .. in length, and largely black.. The 

antennae are filiform and l4-jointed, the face is 

completely striate, the thorax and abdomen shining 

black, and the legs are reddish yellow except for 

the base of the coxa and tarsal joints. On the 

thorax the mesopleuron is reticulate with some 

longitudinal rugulae or striae in the upper portion, 

and the scutellum, without a median furrow, has two 

large clearly separate foveae at the base.. The 

wings are hyaline, with the radial cell twice its width in 

length and open at the top. More technical descriptions 

can be found in Kieffer (1887), Cameron (1892), and 

Eady and Quinlan (1963). 

3.3 BEHAVIOUR. 

The wasps appear to be highly host specific for 

Hypochaeris radicata, although Healy reports that they 

gall Hypochaeris glabra, and Henriksen and Tuxen (1944) 

give two occurrences on Crepis b~rrnisQ It is possible 

that they may gall Hi glabra but in the case of 

~is biennis it was most likely another species of 
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wasp which was responsible. No success was obtained 

in efforts to induce oviposition on either of these 

species under artificial conditions. 

The imago of Phanacis hypochoeridis is, like 

most Cynipidae, a sluggish insect, seldom flying 

any distance. It apparently does not ingest food 

in any form nor has it been observed to drink as 

some others do (Cameron 1892). Kinsey (1920) 

considers that the family shows decreased vitality 

'because of evolutionary over-specialization. In 

the species he investigated he found that sudden 

changes of temperature or humidity, or cold or 

foggy days caused loss of mobility or death. If he 

managed to nurse the emergent insects over the 

unfavourable day or two, they were so debilitated 

as to be incapable of oviposition. As is 

mentioned later this applies to Phanacis hypochaeridis 

alsoe The situation he encountered in which only very 

few adults managed to emerge from the galls did not 

seem to apply to P. hYllochoeridis as, on opening 

dried galls after emergence had ceased, only a 

relatively small number, about one in eight, were i 

found to have died in the insect chamber. 

As well as being poor fliers, the insects have 
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a peculiar habit, probably a defensive reflex, of 

feigning death when disturbed, by folding all their 

appendages and falling to the ground .. 

h4 ReproQuction .. 

No copulation was ever observed although a close 

watch was kept on jars containing several dozen active 

freshly emerged wasps. No males were seen. Kieffer 

(1887) describes the female only, as the male was not 

known to him. Certainly reproduction by parthenogenesis 

takes place, as many times a solitary freshly emerged 

wasp was used successfully to induce a gall .. 

Although agamic successive generations have long 

been known among the more highly evolved genera of 

Cynipidae it has not been noted before in what is 

considered by all authorities to be one of the most 

primitive of genera.. Hartig (1840) bred almost 10,,000 

individuals of Dryophanta disticha and several 

season's collections produced only females. Adler 

(1894) bred up to three successive generations of 

some of these agamic females. Kinsey (1920) lists 

five species of Aulacidea in which Phanacis was long 

included, as having 16-55% of malesQ Similarly 

Imms (1957) states that members of Aulacidea have not 

attained agamic reproduction and produce sexes in 

equal numbers .. 
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As P. hypochoeridis conforms in other respects by showing 

features considered primitive e.g. its gall form, it is most 

unusual if it has lost the bisexual method and has only agamic 

or parthenogenetic reproduction. 

Many forms intermediate between the bisexual Aulacidea 

type and the advanced agamic Cynipids such as Andricus are 

known, where the males occur in small numbers but most eggs 

develop parthenogenetically. Such a genus is Rhodites. If 

p. hypochoeridis belongs in this category where the males 

are very rare and often nonfunctional, or in most cases 

absent altogether, it would be obligately thelytokous 

(eggs usually giving rise exclusively to females -

Suomaleinen 1940). Obligate thelytoky has the advantage 

that no effort need be expended in mating, or even in 

feeding, as the eggs can be laid immediately after emergence 

if suitable host plants are present. It has of course, 

the disadvantage of the absence of genetic variability 

which results from bisexual reproduction. It is known 

that local parthenogenetic races of some insects occur 

(Imms 1957), and that bisexual races could exist else

where. Possibly this has happened in New Zealand as a 

result of a very limited initial introduction of the 

species. 
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3.5 DEVELOPMENT. 

The detailed development of the egg and larva lies 

outside the scope of this work except insofar as it 

affects the plant tissue in the formation of a gall. 

A brief outline of the early part of the develop

mental cycle is as follows. 

all The 'egg • 

The eggs of Hymenoptera, and particularly of the 

Cynipoidea, to which Ehanacis belongs are sausage 

shaped and provided with a long tubular pedicel which 

may arise from either pole (Adler 1894) (Plate 3 8 2). 

The function of this appendage is obscure in most 

species although in a few endoparasites, such as 

]lastothrix, of other insects, newly hatched larvae 

are metapneustic, breathing atmosph~ric air through the 

pedicel projection beyond the host's body wall 

(Thorpe 1932)~ It does not have this function in 

Phanacis as it is entirely-internal in the tissue of 

the host plant. Adler (1894) suggests that it is 

respiratory in all cases as those with short pedicels 

lay eggs in Spring in leaves where there is plenty of 

oxygen while those with long pedicels are over-wintering 

ones laid in less aerated positions. Possibly i~ is 

merely a modification of the egg membrane necessitated 

by the very narrow aperture of the ovipositor, 17 

microns compared with egg diameter of40 microns. 
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This means that the egg must elongate to pass through 

and would therefore fill the pedicel. That the pedicel 

is elastic is shown by extruding eggs into water, when 

osmotic uptake causes rapid swelling of the pedicel 

membrane to produce a dumbell shape. There is however 

some evidence that the swelling of the eggs of Cynipidae 

takes place after oviposition. 

b! Embryology. 

As all material was fixed with reagents more suited 

to plants, preservation of larval detail was not good. 

Also the planes in which the plants were sectioned, 

seldom gave other than oblique sections of the insect, 

so detail was difficult to interpret~ So far as can be 

ascertained~ cleavage and formation of the blastoderm, 

the formation of the mesoderm, mesenteron and embryonic 

envelope, and the remaining differentiation and 

development of tissues and organs, is not unlike that 

shown by the honey-bee fA-Pis}, another member of the 

sub-order Apocrita, described by Johannsen and Butt 

(1941)@ Although very many of the larval forms of 

entomophagus Parasitica have been described (Imms 

1918, James 1928, Embleton 1904, Gatenby 1917-1919,' 

Richardson 1913, and many others), there appear to 

be no similar descriptions of phytophagous species~ 

Entomophagous forms appear to be highly modified~ 

The major difference is the time taken for the larva 
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to develop and leave the egg membrane. In Phanacis it 

is over two weeks compared with seventy-six hours in 

Apis, This compares with the twenty-one days suggested 

by Hough (1953) for the emergence of Neuroterus 

guercus-baccarum from the larval membranes in the common 

spangle-gall of oak. Plate 3.6 shows a developing egg 

within the pith 'cavity. 

c, La!:.Y:2. 

The larva is typically Hymenopterous with a small 

well defined head followed byjthree thoracic and nine 

abdominal segments with nine pairs of spiracles. They 

are apodous, maggot-like and slightly curved, and of a 

bright yellow colour. They have well sclerotized 

dentate mandibles, vestigial palpi, and atrophied 

antennae~ Ocelli are wantingo The stomach is a blind 

sac and does not communicate with the hind intestine 

until the final instar~ the faecal contents only being 

evacuated at the conclusion of the larval stage. 

Movement of larvae from dissected galls is very 

sluggish~ probably reflecting the negligible movement 

necessary within the gall. These features result fro~, 
",' 
( 

the ecological niche occupied by the insect, living in 

darkness with abundant food surrounding it. The 

relevance of certain of these features in gall formation 

will be discussed later Q 

.. " 



The larva (Plate 3.3) passes through several instars, 

(J. Fenwick pers. comm.) which can be determined by a 

progression of head width increases by Dyar ' s Rule 

(Dyar 1890), during its life in the gall, until finally 

a prepupal stage reached. Prepupal diapause occurs 

at this point of the life cycle and persists until the 

spring. In this respect Phanacis agrees with the few 

other parasitic Hymenoptera, all entomophagous, which 

have been investigated in this aspect of their life

cycle and are listed by Danilevskii (1961). As 

described elsewhere in more detail, growth of the gall 

ceases and it dies off, leaving the subsequent 

zoocecidial stages encapsulated within a collenchymat

ous sheath in the dry stem. 

de Pupa. 

As mentioned above, the prepupal stage metamorphoses 

in the spring into a yellow pupa, which gradually 

darkens with the maturation of the imago~ There is no 

cocoon" 

e2 Imago. 

The Imago remains dormant with antennae and legs 

folded ventrally until November, when it gnaws its 

way to the surface with well developed mandibles. 

The early stage of emergence was not seen but was 

almost certainly similar to that described by 

Marsden-Jones (1953). During emergence of Adleria Kollari 
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from the marble or Devonshire gallon Quercus, the 

exit hole is gradually enlarged by the insect biting 

away the outer wall. The insect slowly revolves its 

body to produce a symmetrical cavity and rests fre

quently. After perforation the hole is enlarged 

sufficiently for the insect to emerge at the first 

attempt. The head and then the first legs emerge, 

and these latter are used to lever the rest of the 

insect from the-exit tunnel •. Emergence of Phanacis 

is shown in Plate 3.4 

3.6 Oviposition. 

The female of Phanacis hypochoeridis exhibits the 

following pattern of behaviour before and during 

oviposition. Movement of the insect is governed 

partly by phototaxis, there being an inherent 

tendency for it to climb towards the light source, 

normally upwards. Progression is usually fairly 

slow until it begins to ascend a peduncle of 

Hypochaeris. Immediately the tempo of movement 

increases, the insect climbing to the top and then 

returning to the sUbapical region where attraction 

seems greatest. Here some time may be passed in an 

agitated inspection before a site for oviposition 

is selected. As well as the increased rate of 

walking, evidence of strong stimulation is apparent 
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in the continuous flexing of the antennae which are 

presumably receiving both tactile and olfactory 

sensations. It is probable that Hypochaeris p,r0duces 

a phenerome as behaviour on related genera e.g. 

Lactuca is much slower. Schoonhaven (1968) gives 

details of host plant selection by chemosensory 

means., 

W~en a suitable site for oviposition has been 

selected the insect becomes stationary and relinquishes 

its normal horizontal walking posture for a charact

eristic ovipositing position with the abdomen and 

thorax held vertically and the head directed downward. 

The antennae are now motionless and drooping. The 

wings are partially elevated and also motionlessQ 

In this posture some minutes may be spent in 

tentatively positioning the ovipositor by small 

movements of the abdomen. The ovipositor has a guide, 

formed from the inner valves of segment nine, which 

becomes slightly raised from the lower surface' of the 

abdomen and is touched lightly on many spots on the 

stem. The terebra of the ovipositor is still retracted. 

Finally the guide is touched on a suitable site, 

the insect 'squats t more firmly ~ and the terebra is 

inserted into the pith, usually with an immediate 

exudation of latex from the plant. (Plate 3.5 ) 
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An impression of muscular effort involved in expulsion 

of the egg into the plant is conveyed by the movements 

of the insect. After anytime from a few seconds to 

several minutes the ovipositor is withdrawn and the 

process repeated a short distance away. 

The occurrence of oviposition depends on several 

factors which can be divided into those inherent in 

the plant and climatological effects. 

Climatological factors are temperature and light3 

wind and hlli~idityo Under low light intensities e.g. 

dark or near dark the insects remain stationary. 

Similarly they appear comatose in cold temperatures. 

On dull days with temperatures below the mid-fifties 

(oF) it was found that no wasps would oviposit; while 

on hot days with temperatures in the mid-seventies 

(oF) and upwards,oviposition would often occur within 

five minutes e Windy days are a hazard to such poor 

fliers under natural conditions and may have much to 

do with the sporadic distribution of these insects. 

Similarly rain, mist or dew, forming a moisture film 

on the plants traps these feeble insects so that they 

may die without accomplishing egg laying. 

The other factors influencing oviposition are 

concerned with the nature of the plant. 

Strong preference is shown by the wasps for 



Pl t . 6 D v loping e gg f Ph a nacis in s i t lJ n th(~ 

p i h cavity 01-' llypo e h') ,_ 's. 

( x 5 0) 



42 

young peduncles. Most of those inoculated experi

mentally were one to two inches long, but even 

younger and shorter ones were selected by the wasps 

when they were available. The attractant produced 

by these small flower stalks and buds was sufficient 

to overcome that exerted by phototaxis, wasps being 

attracted from higher leaves downwards into the 

centre of the rose~e. It is suggested that there 

could be a concentration gradient from a minimum 

in older parts of the plant, both stems and leaves, 

to a maximum in the meristematic part of the 

inflorescence just below the flower buds. Old stems 

and older bases of stems are avoided. Similarly 

leaves are not used as sites for oviposition when 

there is any alternative. 

The texture of the epidermis is also of some 

importance, those plants with nwnerous pronounced 

epidermal trichomes being ignored in most cases. 

Finally the presence or absence of a large pith also 

exerts considerable effect on oviposition. Thick 

and succulent stems are readily used as sites for 

oviposition, but thin and wiry stems are largely 

left untouched. These observations hold true in 

both laboratory and natural field conditions. ( 
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3.7 INQUILINES 

Emerging simultaneously from HlPochaeris galls 

along with the last ofPhaIls!'c:!,s are numbers of an 

unidentified Chalcid waspo This is apparently an 

inquiline in the galls and not a parasite on Phanacis 

as dissections in late winter frequently disclosed 

the greyish~white larvae of the Chalcid growing 

adjacent to the bright yellow Cynipid with no 

apparent deleterious effect on the latter. Plate 

3.7 shows a section of an eight weeks old gall 

containing two larvae in the same cavity. When this 

gall was one week old and developing vigorously a 

number of freshly emerged Chalcids were placed on it. 

They exhibited frenzied activity, climbing rapidly 

allover the gall1and apparently deposited eggs with 

a rapid thrust of their pointed abdomens and ovipositors. 

There is no certainty that one of the larvae shown is 

a Chalcid, but such, sharing- of a cavity was only seen 

in this and one other similarly treated gall, so 

such an assumption can be tentatively madeG 

Ross (1951) and Tavares (1920) have both reported 

breeding Sxn~rgus radiatus, a Cynipid, from galls of 

Hypochaeris radicata in Britain and Spain respectively. 

~s Synergus is black, has the first abdominal segment 

deeply striated like a cog-wheel and has a distinctive 

wing venation it is not to be confused with the C.halcid, 
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which is a metallic greenish bl~ck, has a smooth. 

tapered abdomen, and greatly reduced wing venati9n. 

No report can be found of a Chalcid attacking 

Phanacis, but many may choose a variety of hosts .. 

Synergus is not known here. 

As well as the Chalcid, a minute triangular 

Homopteran emerges before Phanacis, a Lepidopterous 

larva feeds on the green gal~ but leaves it to pupate 

in January and February, a longicorn beetle often 

hollows out the dry gall, presumably at the expense 

of any Cynipid larvae, and a small pseudoscorpion 

is a commensal in the cracks and holes. 

Garrigues, Sellier and Rey (1966) describe the 

modification of the normal development of a gall due 

to the presence of an inquiline. The Chalcid 

emerging from Hypochaeris galls does not have any 

obvious effects .. 
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The responses and galls described below are based 

upon observations made on plants of HXRochaeris radicata 

growing in a glasshouse supplemented where indicated by 

field observations Q As mentioned previously naturally 

occurring galls could not be used for this purpose 

because of the uncertainty of their ages. 

Apart from the exudation of a small droplet of latex 

onto the surface, there is usually no effect attributable 

to oviposition visible until the fourth day. The release 

of latex will be described more fully in the section 

dealing with internal effects o In some cases, particularly 

wiry peduncles such as are often produced by smaller 

plants, there is discoloration apparent shortly after 

ovipositiono This is caused by an internal discharge 

of latex from punctured laticifers into the pith cavity. 

Such peduncles produce only a small gall in which the 

larva does not progress very far, or, more frequently, 

they die off without either the gall developing or the, 

inflorescence opening. These badly affected stem~, 

often exhibiting a reddish tinge, are probably the 

result of excessive ovipositiono Pigmentation of' galls 

of all kinds is well known, Nierenstein (1919) considering 

it to be due to a biglycoside 'of purpurogallin, 



46 

and Gertz (1939) proposing anthocyanin. 

Toleration of oviposition is an extremely variable 

characteristic. As mentioned above, small wiry plants 

were unable to tolerate oviposition by the four wasps 

normally used in experimental gall induction, but when 

large plants with thick fleshy peduncles were exposed 

to twenty wasps simultaneously for twenty-four hours 

no ill effect resulted. These latter plants produced 

large vigorous galls, one of which contained twenty

eight developing larvae when dissected after six weeks .. 

Equally heavily infested cecidia were found in the 

field showing up to thirty exit holes. Damage by the 

ovipositor to small stems with their vascular bundles 

close together seems to permit entry of latex into the 

vessels, resulting in failure of the stem. 

In vigorously growing affected stems there is a 

definite increase in their circumferences visible by 

the fourth or fifth day and this increase is maintained 

steadily until the galls reach their maximum size by 

the end of the first month. The maximum size of gall 

encountered was eighty by fourteen millimetres but this 

was exceptional, the majority being between twenty-five 

and fifty millimetres long and eight to twelve millimetres 

wide .. 

Basically galls of Hypochaeri~radicata are fusiform 

swellings of the stem, but uneven growth causes considerable 



Plat 4. 1 

(x 5 ) 

Di 0 t e d g all s on Hypocha e ri s 



47 

distortions (Plate 4 0 1). This is linked with the presence 

of more larvae in one part of the gall, or to an asymmetry 

in their positioning, with one or more cecidozoa 

eccentrically placed in the pith. The site of a node is 

also frequently the point for lateral distortion. 

Suppression of elongation of the peduncle and of 

normal flowering is cited by Houard (1903) to be a 

consequence of galling, (Plate 4.2)4 Although such 

suppression was frequently observed in this investigation,' 

in slightly more cases there was no apparent inhibition of 

maturation of the inflorescence. The reason for this 

difference in response is not clear. It is certainly not 

related to characteristics of individual plants as both 

normal length and retarded galled peduncles were produced 

by the same plant. If oviposition occurs very early in 

elongation of the stem, when it is less than fifteen 

millimetres high, inhibition is probable, but if the 

peduncle is longer than this then retardation is much 

less likely. It seems probable that the critical factor 

is the distance behind the capitulum bud where the eggs 

are sited, but as there is no certainty at what point 

this is, apart from the dubious criterion of latex spots, 

nothing definite can be stated. In any case it is 

unlikely that all stems would have attained the same 

degree of development at the same distance behind the 

bud. 
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The complexity of the problem is still further' 

increased by the fact that in some cases lateral 

secondary branches of the inflorescence axis arising 

directly from galls develop a normal amount of 

elongation and flower, while others in the same situation 

are almost completely inhibited and their terminal 

capitula atrophy. The possible role of growth substances 

in this respect will be discuss'ed later .. 

The production of a gallon Hypochaeris was also 

dependant on the age of the stem. To ascertain the 

response in older examples, stems six to eight inches 

long were used with the top one and a half inches made 

inaccessible to the wasps by cotton wool e When the wasps 

oviposited in such stems there was no response apparent 

at the usual time.. However, in some cases after some 

weeks small but obvious increases in diameter were 

apparent well down towards the lower regionso These 

increased only slightly 'more (2 : 1 .. 5 mm) than the 

normal parts" Dissection revealed larvae, but none 

of the dried stems of this type were found to have 

pith or insects@ Presumably not enough nutritive 

tissue could be developed to support the insect to 

mat urat ion" 

After HIpochaeris galls have reached their maximum 

size there is no change in external appearance until 

late in the summer~ For about three months the galls 
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remain bright green and succulent, although ungalled stems 

" 

produced at the same time have long since dried out. The 
, 

gall may remain green after the peduncle above it, and evel 

the part below it, have turned brown. Finally it becomes 

chlorotic and ultimately dries to a light brown colour. 

Unless they are too exposed to the weather the galls 

remain in position on the plant uritil emergence of the 

wasps occurs late in the following spring. 
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4.2 CYTOLOGICAL AND ANATOMICAL CHANGES IN THE FIRST 
24 HOURS AFTER OVIPOSITION. 

Cytological and anatomical changes occurring in the 

first 24 hours after oviposition are confined to those 

cells adjacent to the egg cavity and the path of the 

ovipositor .. 

As mentioned above, the most obvious initial response 

to oviposition is an exudation of latex, resulting from 

penetration of one or more of the laticifers.. The sudden 

release of latex when a laticifer is perforated is the 

result of a pressure flow (Bonner and Galston 1947). 

Before perforation the laticifers are under turgor and 

at osmotic equilibrium with surrounding parenchyma cells. 

Opening of the laticifer results in the establishment of 

a turgor gradient and a flow towards the point of 

pressure release where the turgor has been reduced to 

zero (Frey-Wyssling 1933) .. Eventually the flow slows 

and ceases as coagulation 'progresses' and subsequently 

turgor is restored (Spencer 1939) .. 

In Hypochaeris radicata there is exudation of latex 

onto the surface where it rapidly coagulates as: smal~ 

dark globules marking the sites of oviposition. 

Internally latex flows down the puncture caused by the 

ovipositor, even while this is still depositing an 
.,\ 

egg (Plate 4 .. 3) and enters both the cavity formed by the 

intrusion of the egg and any parenchyma cells which 



Plate 4.3 

(x 100) 

Exudation of latex around ovipositor. 



PI c 

c ] 1 

( i ) n 

4.4 

d 

( x 100) 

, 

Pe n t ation ot" ],tex int d ama ge d 

g g; cav i y. 

(1) lat x, ( ~ ) egg c a vity, (0) 0 



51 

may have been perforated (see Plate 4.4). Sometimes 

la-tex enters cells beyond the egg show'ing tha't the 

ovipositor has been partly withdrawn. Latex also 

penetrates between cells, indicating some breakdown 

of the middle lamellae. In many cases there is no 

obvious latex exuda-tion, probably because the ovipositor 

penetrated between the anastomoses of the laticiferous 

vessels .. 

Another prominent feature found a short time after 

oviposition is a cavity or egg chamber formed by the 

breakdown of pith cells. Initially, the disintegration of 

some cells is the result of damage caused by the injection 

of the egg. Plate 4.5 shows cavities containing eggs, 

and approximating in size to three or four normal 

parenchyma cells. One lies in a region where the pith 

cells are senescent and shm.ling signs of breakdown, but 

the other is in a region of stable cells. Plates 4.6 

and 4,,7 show more extreme cases one and two days after 

ovipositionQ In such cecidia the stress resulting from 

marked radial increase (Eames and .MacDaniels 1947) 'N'ould 

cause the cells to be in a state of tension, needing 

only the mechanical.stimulus of the forceful injectio~ 

of an egg to initiate the normal collapse of the pith, 

such as is known in many hollow stemmed herbaceous 

dicotyledons. Eggs are frequently deposited in the 

central cavity when this has already formed (Plate 4.8). 
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The actual wounding of the stem tissue could have 

profound effects on the ontogeny of the gall. Ever 

since Mohlts (1849) description of the results of 

wounding, numerous attempts have been made to describe 

and analyse the sequence of anatomical and physiological 

changes after wounding. The necrobiotic changes involved 

usually result in degeneration and death of the affected 

cells with postmortal effects on the metabolism of 

adjacent healthy cells. 

The degeneration and collapse of cells resulting from 

the initial damage by the ovipositor or from proximity to 

such damaged cells, has been observed in Hypochaeris galls. 

Damage and collapse of cortical cells resulting in 

a depression at the site of oviposition shown in 

Plate 4090 Plate 4010 shows the more densely staining 

nuclei and nucleoli and the affected cells surrounding 

the wound in more detail. 

In the early stages of development of Hypochaeris 

galls the changes occurring are those normally found. 

ih elongating peduncles. A description of the tissues 

of young infected stems six hours after oviposition 

as follows. 

Epidermis. The epidermis shows evidence of continuing 

division, with both radial and transverse divisions 

occurring in densely staining cells. The nuclei are 

large with prominent nucleoli. 
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Corte~. In the five or six layers of the cortex inter

cellular spaces are not obvious, although some are forming 

near the stomata. Cells are well filled with chloroplasts 

and are still short longitudinally, showing that their rate 

of division is matching the rate of elongation of the stemo 

In the angles of the stem collenchyma shows more vacuolation 

and elongation than other cortical cells. 

Vascular Bundles.. Xylem and 'phloem are still differentiat

ing and elongating o Phloem fibres are numerous but their 

walls are not yet sclerified o 

Riih.. In the pith all cells still have easily visible 

cytoplasm, with well defined nuclei and nucleoli o Those 

cells in proximity to the egg already have enlarged 

nuclei (See Table G Graph 5) and nucleoli.. Some elongated 

schizogenous spaces are appearing in longitudinal sections 

and breakdown of transverse walls is beginning in most 

stems (see plate 4.11)0 

The general picture changes only slightly in twelve 

hour old galls. More elongation has occurred, with the 

helical thickenings of the walls of the protoxylem appearing 

widely separated and those of the metaxylem closely spaced. 

Cytoplasmic contents are less in both the collenchyma in 

the angles and in the starch sheath, where starch grains 

are beginning to form. 

The most interesting development is the appearance 

of hypertrophy of the epidermis and cortical cells 
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surrounding the region of penetration of the ovipositor. 

Elongation of some of these cells is clearly visible, 

often causing some degree of curvature of cells due to 

compression .. Whether this is a response to wounding 

or to the introduction of some auxin-like substance will 

be discussed later .. 

Twenty-four hours after oviposition there have been 

no further significant changes except in the immediate 

vicinity of the damaged tissues and eggs. Normal 

maturation of tissues has proceeded, and, because of 

the rapid elongation of the peduncle at this stage, 

the cells in the epidermis, subepidermal collenchyma 

and medullary ray parenchyma appear rectangular in 

longitudinal sections. 

In the pith some differentiation is apparent in 

cells lying between and adjacent to egg chambers. There 

is considerably more intense staining by safranin of the 

ovoid nuclei and their nucleoli. Some nuclei have two 

nucleoli. Cytoplasm is denser and in hand cut sections 

of fresh material shows some increased refringence in 

this area. More of the cells surrounding the eggs have 

broken down with an increase in ma·terial lining. the 

chambers" This is a very variable response, some egg 

chambers having much more of this cell debris than 

others" Cells in the vicinity of the eggs are beginning 

to show evidence of hypertrophy (see tables A and D, 

and graphs I and 3). 
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4.3 GALLS THREE TO FOUR DAYS AFTER OVIPOSITION. 

Increase in the diameter first becomes visible in some 

galls at this age, as a slight swelling with rounding of 

the angles of the peduncle. 

Pith. Increase in cell number continues until it reaches 

an average of thirty-six cells across the pith diameter 

during the third and fourth days after oviposition 

(see table H and graph 6}. Average diameter of the pith 

increases to 1.6 rom., by the end of the fourth day, and 

that of the cells to fifty microns (table B and graph 2). 

Further breakdown of cells surrounding the developing 

egg continues (plate 4.12), resulting in a layer of debris 

from dead and collapsed cells. A similar layer was 

described by Beyerinck (1882) in the spangle gall of oak 
" 

leaves" Hough (1953) working with the same spangle gall, 

found such a layer when the egg is deposited in anomalous 

positions but not when it is deposited normally. 

Cells near the egg show 'enlargement of their nuclei 

and nucleoli to 905 and 3 microns respectively (table G 

and graph 5) (plate 4,,13). It is likely that some of 

the intensely staining nuclei mentioned above are pycnotic 

(White 1942) and that the enlarged nucleoli are indicative 

of polyploid nuclei (Gates 1942). 

The hypertrophy of cells near the egg cavity and 

hyperplasy of those further away towards the outer half 

of the pith, mentioned by Kostoff and Kendall (1929) as 
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occurring in galls of other Cynipids, is not evident in 

galls. Instead, as will be described, more fully 

as it is encountered, different tissues across the whole 

radius respond according to the degree of local 'stimulation 

and their individual characteristics. 

In Hypochaeris some maturation of other tissues is 

now more evident. 

Epidermis. Epidermal cells are now twice the length of 

the stomata (25 microns : 12 microns in longitUdinal 

section) compared with those of normal stems at the time 

of oviposition when their sizes were approximately equal. 

This length of 25 microns shown by epidermal cells of the 

galled stem is, however, less than half that shown by the 

equivalent cells of the normal ungalled stem of corres

ponding age. In the normal peduncle the average epidermal 

cell has elongated to a length of 55 microns. As normal 

cells have a diameter of only 7 " 8 microns compared with 

12 microns in the cells 'of the gall, the actual areas 

covered by the cells are,within the limits of measurement, 

the same in both cases (500 sq. microns) (see table Land 

graph 9) .. 

Cortical cells continue toshow some division and 

have increased slightly in size (see table K and graph 8), 

but have not yet developed the large intercellular spaces 

found so frequently in older galls~ Starch grains are 

prominent in the now highly vacuolate starch sheath, as 
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is demonstrated by the Iodine stained sections shown in 

Plates 4.14 and 4.15, but they do not appear in the pith 

cells. In a small proportion of galls (10%) starch grains 

are found in parenchyma cells bordering the xylem 1 but 

this feature not characteristic of stems of this age 

and soon d appears. 

Vascular bundles. Fibres have thickened (plate 4.16) 

and elongated. Helically thickened metaxylem is still 

differentiating (plate 4.16) and xylem parenchyma is, 

like the pith and medullary rays, showing hypertrophy 

and cell division (plate 4.17). 
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4.4 GALLS SEVEN DAYS AFTER OVIPOSITION 

As most cases of seven day galls of Hypochaeris show 

no great differences from four day galls it is not proposed 

to describe them in detail. However, as Houard (1903) 

figured an example showing considerable hypertrophy a 

similar example is shown here.. Such extreme cases were 

not common among those sectioned, only one example in 

ten showing so many divisions. Plate 4 0 18 shows numerous 

divisions orientated around the centre of the stem. 

The larva shown, and others out of the picture, have 

stimulated division, but only those cells in their 

immediate vicinity have had their polarity altered so 

that new cell walls form parallel to the surface of the 

cavity. Plate 4019 taken just above a larval cavity 

in the stem centre shows the numerous new delicate walls 

di viding the original pith cells.. In this central 

region there is no consistent orientation. 
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4.5 GALLS TWO TO THREE WEEKS AFTER OVIPOSITION. 

It is proposed to describe in some detail, galls 

between two and three weeks old, for two reasons. 

Firstly, it is in this period that the larva emerges 

from the egg membranes, and secondly, the young gall 

described by Houard (1903) may have been, judging by 

its size, 4 .. 3 mm in diameter, of this age. For dis-

cussion of Houard's description of the young 

Hypochaeris gall, details of comparable sections are 

needed .. 

As the larva has developed, egg cavities will be 
\ 

referred to as larval cavities or chambers, from this 

point onwards .. 

In galls two weeks old the rate of growth is slowing 

(graph 11) and sclerification of tissues is giving it a 

firmer less-succulent consistency .. 

The Pith. In galls of this age, the size of the cells 

of the central pith adjacent to the larval cavity has 

increased to an average of 81 microns (table Band 

graph 2). These cells are thin-walled isodiametric and high-

ly vacuolate. Denser staining of these cells by 

toluidine blue indicates that they are richer in 

cytoplasm than those in a more peripheral situation 

in the pith. Nuclei and nucleoli maintain an average 

diameter of 12 and 305 microns respectively which 'is 
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larger than the average;of 3 and 1 microns for comparable 

structures in normal stems (table G and graph 5) .. 

Nuclear shape is spherical in the central regions of the 

galled stem and fusiform in more normal cells towards the 

periphery of the pith and in the medullary rays. 

This central region, with denser cytoplasm and larger 

nuclei, constitutes the nutritive zone, or Iltissu 

nourricier ft which becomes so prominent during the second 

month of the galls ontogeny. 

This nutritive tissue merges into a region which has 

cells similar in size but with smaller nuclei and .less 

cytoplasm .. 

In turn this region merges with the outer parenchyma 

surrounding the vascular bundles and making up the medullary 

rays. It is here that the most spectacular hypertrophy 

has occurred o In order to provide a more coherent account, 

the whole sequence of hypertrophy and hyperplasy up to this 

point, as shown in 4.20 - 4 0 26 is introduced here. Table 

I and graph 10 summarize the following datao 

In normal peduncles the distance from the apical 

end of the protoxylem to the apical end of the procambium 

usually lies between 50 and 75 microns. There is no 

great difference, apart from increased thickening of 

cell walls, between five day and five week old normal 

stems. Usually there are three or four xylem vessels 

up to thirty microns in diameter in each file , 
separated by one, or occasionally two, rows of 
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xylem parenchyma. Separation of the files varies from 

5 to 10 microns in different bundles and plants 

(plate 4.20). 

As plates 4 0 20 - 40 26 show, there is great hypertrophy 

of all, and hyperplasy of some, of the tissues comprising 

and surrounding the vascular bundles. Because of consid

erable variation from bundle to bundle, even in the same 

section, measurements of phloem and fibres are not 

included. It is obvious, however, that these tissues 

also undergo similar processes. Where it is difficult to 

measure the numbers and limits of a tissue, e.g. the 

parenchyma surrounding the fibrous cap and the outer part 

of a medullary ray, for practical reasons only the 

largest, representing the most extreme cases, are recorded. 

In galls five days after oviposition the distance from 

residual procambium to protoxylem has almost doubled, from 

an average of 55 microns to 100 microns, the diameter of 

the vessels ranges from 30 to 50 microns, and the single 

row of cells separating the xylem points has also doubled 

in size or divided in most cases. Hypertrophy is most 

apparent in unthickened differentiating vessels (see 

plates 4.21 and 4.23J. 

These trends continueo In galls fourteen to sixteen 

days after oviposition vascular bundles have four or five 

vessels per file, ranging from 50 to 100 microns in 

diameter, and the distance from the apical end of the 

pro cambium to the apical end of the protoxylem is 



PI ate 4. ~o T • S. 1)( ~ dun (' 1 c 0 f By lJ 0 • h a e r is . S day s 0 J d , 

Normal vascular bundles f rom ungalle cl stem. 

(x) xylem (ph) phlocm~ () f ibres, (pa) xyJcm pal'enchyma. 

(x 4(0) 



Plat 4.21 T .S. 5 day gall oj' JI ;ypocha c ris. 

Xyl m v "ssels (v) sholv con",, ;d C'l'i\ble hypertrophy. 

(x 4lW) 



f v pa 

Plat e 4. :U, T.S • .5 clay gilLI of lIypochacris. 

Vasc ular bUild! c t'rom ] cast dft' ted sid shotdng unl/ 

limit d hyp r t rophy nd hyper~l a sy. 

( v) vessels, ( pa) pare nchymd . 

(. 4 Ch)) 

( f ) j 'i b l ' S, 



Pl ate 4. 23 

Va::;cular bnllcLLe from mos a ff ~ ted side oj' samf: gdl [ as 

sho wn in 4,:2 2, showi ng great; hyperpl a s y of xyJ ('m 

pa1'( ~ nc hyma ( pa ) a n d hypertro p h y of ve s se l s lv)" 

( x 4(0) 



Pla 4.24 T. • p dun c 1 (' 0 f ",,-H;...<y-,P~.;:...:..;~:..;l:....~ =i =s • d ay. 

tio n f rom unswo - len l e gio n S mm. b J ow g 11 ~ howing 

ppal"nt1~y un a 

( x 1 00) 

t d t is u s . 



PIa e 4.25 . 15 d y ga 

H pertrophy of x ] m s 1 (x). 

(x 400) 



Pl at. (~ 4.20 
~ . ~ . 15 da gall 

Il rp r t ro ph , of p are n c h y ma 

{x J(\O) 

1 s {P(1) of m(~duJ lary r 



62 

100 to 300 microns" The parenchyma separating xylem 

points has not increased significantly. Many cells of 

the parenchyma lyingbcl"tween the bundle caps and starch 

sheath exhibit marked hypertrophy, some attaining 100 

microns in diameter compared with 30 microns in normal 

stems or young galls. 

Even greater hypertrophy ~s sometimes encountered 

between bundles in the region where pith becomes medullary 

rays, a nmnber of cells reaching lengths of 250 to 300 

microns. These cells elongate periclinally. A very few 

of the largest cells, with their longitudinal axes lying 

radially, opposite the points of the vascular bundles, 

reached 150 microns in length, but this was exceptional • 

. The average size was half this" This is not in accord 

with Houardts description .. 

Cortex.. In no instances did the cortex show pronounced 

hypertrophy at this age o 

Epidermis o Epidermal cells in normal stems have under

gone extreme elongation by this agee Their width is 15 

microns but their length has increased to an average of 

160 microns (table L graph 9). The long axes of these cells 

1 s parallel to the long axis of the peduncle. Gall 

epidermis presents a different picture as only limited 

elongation has occurred but considerable radial increase 

has stretched cells around the gall circumference. In the 

examples measured, epidermal cells were irregularly 



isodiametric, averaging 45 x 40 microns.. Stomata no 

longer lay parallel to the longitudinal axis, but were 

displaced into random spacing and orientation. 

c 
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4.6 GALLS ONE MONTH AFTER OVIPOSITION. 

By the end of the first month after oviposition the 

larvae are actively feeding and the galls have, in most 

cases, attained their final sizes. 

Pith. Pith cells are slightly larger. Those near the 

larval cavity average 84 microns in diameter (table B 

and graph 2). Some show evidence of renewed division and 

increase in cytoplasmic density (plate 4.27). Diameters 

up to 180 microns are encountered in the outer region of 

the pith (plate 4.32). Nuclei of cells in the more 

centrally located affected pith still average 12.5 microns 

in diameter. No nuclei approaching the 30 microns 

reported by Houard (1903) have been found, although 

densely staining ergastic bodies of this magnitude do 

occur rarely. 

In many of these cecidia the effect of the insects 

manifests itself as an uneven hypertrophy affecting 

one side a great deal more than the other. 

Vascular Bundles. In galls showing such uneven growth 

on the least affected side vessels are 20 microns in 

diameter and bundles, measured from the starch sheath 

to the protoxylem are 300 microns.. In contrast, 'on 

the strongly hypertrophied side the same measurements 

are 40 and 800 microns respectivelyo Concomitant with 

this enlargement of the bundles, there is a similar 

uneven enlargement of limited tracts of cells, such as 



65 

the peri vascular parenchyma lying between the sclerenchymp
" 

a-toUf5 burdle caps and the starch sheath" An increase fr'om 

20 to 80 microns diameter among these cells is encountered., 

(see e 4D34 and 4035J. 

'fhe innermo cOl'tical layers ape similarly 

affected in some cases ft As well as hypertrophy -(,hese 

have under'gone several divisions to gi VEl a "lidt~h of up "1::;0 

-twenty cells compared with the usual five cells found in 

unaffected cortex (plate 4.33). It was difficult to obtain 

undamag' cd 8eo/:'l'011,Cl, o.f' tl ... · ' h - f f' 1 - - " .L.e :tnner aJ' o· '1;"le mass of cortical 

cells. but -;.11 ,,,,orne Cc",I",e,,.; J'.-I- T,ra::: • b] 
, ~ - - - -- ~ I, ~ pOSSl .e to detect the el 

ed twisted cells mentioned by houard (1903). Such enl 

groups of cortical cells are found only in a small pr'o

portion (one six) of the galls sectioned Q The other 

interes'bing feature of these distorted cortical cells 

ar'e t,he small spherical bodies containing t1"0 to six 

hi refractive inclusions. their size (5 microns) 

they are intermediate between the fusiform nuclei 

(8 10 microns) and the hemispherical chloroplasts 

(3 microns) (plate 4a31J~ Superficially they have the 

appearance of nuclei with nucleoli, but ape probably 

modified pJastids, perhaps am.yloplast~s wit-,ll 

forming loci. (plat,e 4 .. 30)0 

arch 

The formation of these large groups of ee l la Ca1.:,S'33 

considerable dis'tortioll of snr'l'ol.:cnd:Lug t:i Rsues" '1'0 

compensate r the ",sed pcn:mferenc,e tb0l~'e 

, ~ . . 
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corresponding extension of the epidermal cells on the 

hypertrophied part .. 

The cells of the starch sheath may show compression 

or stretching, and laticifers are severely affected by 

enlargement of cells adjacent to their anastomoses 

(plate 4.35) .. There is also an increase in the number 

of. laticifers. 
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4.7 FURTHER DEVELOPMENTS OF THE GALL 
ONE MONTH TO FOUR MONTHS. 

There is little growth during the remainder of the 

ontogeny of the gall.. During the fifth week thickening 

of the walls of the pith parenchyma becomes obvious .. 

Sclerification of the fibres of the bundle cap has been 

proceeding since early in cecidial development, and this 

now encompasses all the cells of the medullary rays, 

progressing centripetally from the cells bordering the 

starch sheath.. This thickening of parenchyma cell walls 

progresses rapidly, all pith except the central nutritive 

tissue and -bhose cells immediately surrounding it 

appearing collenchymatous by the sixth week of most galls. 

A few galls, although of large size, do not develop this 

collenchymatous appearance of the pith by the sixth week .. 

No reason could be seen for this retardation .. 

The Nutritive._Tissueo From five weeks on, profound 

cytological changes occur in the cells of the nutritive 

zone.. Their contents become deeply staining with safranin 

and fast green because of the great increase in the 

amount and density of the cytoplasm.. This is in contrast 

to normal pith cells of the same age whose cytoplasm is 

only faintly stained with these reagents (plate 4036)" 

A sequence of changes occurring in the formation of 

this nutritive tissue can be seen in the cells bordering 

the larval cavity" These are described as seen in a nine 

weeks old gall, when development of this tissue is at a 

maximum .. 



Pl a t e 4.36 T .S. 9 week g a ll of Hypoch a eri s . 

The nutritive tis sue surrounding the larval cavity. 

(n) nutritive tis sue, (p) pith, (1) larva. 

(x 100) 
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The first observable change is an increase in the 

quantity of the cytoplasmo At first there is only 

thickening of the cytoplasm occupying the usual peripheral 

position in the cell, resulting in a reduction of the 

volume of the vacuole (plate 4.37)0 By the time that the 

diameter of the vacuole is approximately halved cytoplasmic 

intrusions are penetrating it (see plate 4.39). Continuing 

increase of these intrusions and of the peripheral cytoplasm 

subsequently divide it into several smaller vacuoles 

(plate 4.39J. Finally, in those cells nearest the larva, 

even these small vacuoles are largely obliterated (plate 

4.39)0 

Concurrently with the cytoplasmic increase there is 

an enlargement of the nucleus and nucleolus. Cecidial 

pith nuclei, 500 microns removed from the larval region, 

averaging 7.5 x 2.5 microns in diameter on their long and 

short axes respectively, show relatively little enlarge

ment compared with those found in younger stems. Nucleoli 

are single and 1025 microns in diameter. There is a sudden 

increase in nuclear size as the nutritive zone is reached. 

Cells, six distant (400 microns) from the larval cavi·ty 

and which show the first traces of cytoplasmic increase, 

have nuclei which have tripled in length and width to 

20 x 7.5 microns, with a corresponding increase in the 

nucleoli to 4 microns. There is continuing rapid 

progression in size culminating in the enormous nuclei 
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Plate 4.39 Nutritive tissue 9 weeks gall of HYpochaeris 
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(x 400) 



and nucleoli of the innermost nutritive cells. 

Nuclei next to the larval cavity appear either 

diffusely granulate or vacuolate as seen in section. 

Vacuolate nuclei have the nucleolus surrounded by a 

non-staining region (plate 4.38) bounded by a convoluted 

densely staining layer. Chromatin is presumably 

concentrated here. Such nuclei may reach 35 microns in 

diameter. Granular nuclei are of similar size but stain 

throughout a 

The nucleolus is plainly composed of an outer 

densely staining region, the nucleolar matrix or ttpars 

amorphatt , surrounding an inner faintly staining vacuole, 

the nucleolini. Some nucleoli themselves have developed 

small vacuoles (see plate 4.38). In other nuclei 

fragmentation has occurred to give a multinucleolate 

condition. Large single nucleoli may attain 15 microns 

in diameter. 

Normally fixed and stained nutritive cells, particul

arly in the innermost layer, show what are apparently very 

small vacuoles. Staining of fresh or glutaraldehyde fixed 

material confirms that these are spaces in the cytoplasm 

remaining after leaching out oil-droplets by alcohol 

during dehydration. Specimens fixed in 6% glutaraldehyde, 

hand sectioned and stained with the lipid specific dye 

Sudan IV show many bright red globules of varying sizes 

ranging from 5 to 50 microns~ Coalescence has occurred 
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in some cells to give single large droplets. The total 

amount of oil increases markedly in those cells bordering 

the cavity. There was negligible uptake of Sudan IV by 

other cells of the gall. 

Some cells of the nutritive ssue appear to have 

divided recently .. ' This is contrary to the condition 

described for most other galls (plate 4.40). 

The highly modified cells making up the nutritive 

zone persist for seven or eight weeks from the time of 

their first appearance in the fifth week.. Cecidia aged 

thirteen weeks, show, at most, only two or three of the 

very characteristic' nutritive cells among those lining 

the larval cavity.. Most cells are typical highly 

vacuolate pith cells. The numerous empty remnants of cells 

indicate enlargement of the chamber by total consumption 

of the nutritive zone and some of the adjacent parenchyma 

(plate 4.41). 

There no further evidence of cell division or 

enlargement but there is continued thickening of the 

walls of all parenchyma cells .. 

Four months after its initiation, the gall begins 

to die. Externally, the onset of chlorosis is indicative 

of cessation of photosynthesiso Internally, most cells 

appear devoid of contents. Chloroplasts still exist in 

the chlorenchyma of these chlorotic galls, but do not 

stain as intensely as in active cells, and are closely 
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appressed to the walls, leaving the central part empty. 

Considerable thickening of the cellulose walls of all 

parenchyma in the medullary ray region has taken place 

to give a collenchymatous cylinder, and in the pith 

surrounding what is now the prepupal cavity, there is 

lignification of the walls. This lignification may 

extend out as fqr as the vascular bundles but is usually 

confined to the five or six layers surrounding the cavity. 

There is some deposition of a brownish substance, probably 

tannin, in these cells. Lignification of the phloem fibres 

and of the metaxylem has also taken place. 

Finally there is complete drying out of all the tissues 

with some subsequent contraction, particularly of the 

cortex, so that externally the vascular strands stand 

out prominently. All green colour is lost and the gall 

assumes a brown colour which gradually weathers to a 

greyish tingeo In this form the gall remains until the 

insects emerge. 



Platf' 4 .41 T.S. 13 week gall or lIypo haeris. 
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4.8 LEAF GALLS 

In addition to the usual situation, in which 

Phanacis oviposits in the peduncle of Hypochaeris 

it has also been observed to deposit its eggs in the 

midrib of a young leaf. This rare event occurs 

naturally when drought causes a scarcity of 

inflorescences at the time of the insects' emergence. 

If wasps were placed on young vertical leaves in tubes, 

galls compsed of parenchymatous cells occasionally 

developed from the tissue surrounding the midrib. 

Insufficient details are known of the modification 

of the leaf's structure to include a description here. 
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GALL ULTRASTRUCTURE 

An attempted investigation of the ultrastructural 

changes occurring during the development of Hypachaeris 

galls provided little additional detail beyond that 

visible with ordinary light microscopy. The reason for 

this disappointing result lay in the nature of the 

material. Highly vacuolated, senescent and damaged 

tissues, such as the pith cells of Hypochaeris, prove 

refractory material when the ordinary fixation and 

embedding techniques of electron microscopy are used. 

Attempts to use these methods, involving fixation with 

glutaraldehyde and osmium tetroxide, followed by 

acetone dehydration, embedding in araldite, and 

sectioning, yielded a picture of grossly distorted and 

damaged cell structure. The malformation of all 

structures was so great that no changes which might 

have been attributable to cecidogenic influences could 

be distinguished. 

Mohr and Cocking (1968) suggested a technique for 

preparing such difficult tissue for ultrastructural 

studies, utilizing a butyl-methacrylate styrene mixture 

of low viscosity for embedding. Although this proved 

superior to more conventional methods with Hypochaeris 

gall pith, some damage due to preparation was always 

present. Lack of material precluded any extensive 

investigations into the results of modifying the technique, 

but the limited success attained make it desirable to 

pursue this line further at a future date. 
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MATERIALS AND METHODS FOR ELECTRON MICROSCOPY 

Small pieces of parenchyma tissue adjacent to the egg 

or larval cavity were fixed in 0.02M phosphate (Na+) 

buffered {pH 7.0} 2% glutaraldehyde for 3 hours, washed 

3 times (IO mi~utes each) in O.lM phosphate buffer, 

and postfixed in O.lM phosphate buffered 2% osmium 

tetroxide for 3 hours. The tissue and all reagents 

were kept at 4°C until the alcohol step indicated below. 

The dehydration, infiltration, embedding, and staining 

procedure was as follows: 

30%, SO%, 70% and 80% ethanol 
90% ethanol 
Absolute ethanol containing 1% uranyl 
acetate, freshly prepared and filtered 
before use 

(The following at room temperature) 
Absolute ethanol 
Absolute ethanol 
Equal volwnes of absolute ethanol and 

the methacrylate-styrene embedding 
medium 

Methacrylate-styrene embedding medium 
Methacrylate-styrene embedding medium 

IS minutes 
30 minutes 

30 minutes 

30 minutes 
IS minutes 

IS minutes 
IS minutes 
1 hour 

each 

Final embedding was done in polythene capsules using 

a fresh lot of embedding medium. The blocks polymerized 

after approximately 44. hours at SSoC. 

Methacrylate-styrene embedding medium. 

The embedding medium consisted of 7 volumes of n-butyl 

methacrylate, stabilizer removed, and 3 volumes of styrene 

(BDH, Poole, England, stabilized with 0.001 to 0.002% 

tert-butylcatechol), stabilizer not removed. The 

catalyst was 1% w/v benzoyl peroxide. The benzoyl 

peroxide contained 25% by weight of water, and the 
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embedding mixture with catalyst added was dehydrated 

using anhydrous calcium sulphate and centrifuged before use .. 

Sectioning of the blocks was carried out on an L .. K .. B .. 

Ultratome using a diamond knife.. The sections were placed 

on 200 mesh, filmed and carboned copper grids.. Staining 

was carried out using lead tartrate. Specimens were 

examined on an Hitachi HS7 electron microscope .. 
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Results 

Pith cells from young peduncles display a structure 

typical of highly vacuolate parenchyma (Plate 4 .. 42) •. 

Cytoplasm is confined to the periphery of the cell with 

the nucleus and plastids showing prominently. There are 

two types of plastids, one of which is probably a degener

a'te chloroplast.. Small mitochondria are present. 

In pith cells from old galls nucleoli show' a large 

lacuna containing numerous granules which Hyde (1966) 

considers are possibly ribosome-like particles .. 

1", 

Most pith cells continue to show such a structure 

until senescence is well advanced~ when d~gene~ation and 

disintegration of cell contents aided by breakdown of 

cell membranes, leaves only granular debris. 

The exception to this degenerative sequence the 

nutritive tissue. In cells of this tissue numerous lipid 

droplets appearQ At first these remain discrete, but as 

their numbers increase there is coalescence into larger 

globules, until finally the cell may be filled with a 

few large bodies of oilo The origin of such droplets 

of oil is obscure 0 One theory is that they are derived 

from spherosomes and could develop by the accumulation of 

oil at the end of a strand of endoplasmic retic~lum~ which 

then becomes cut off by a constriction and forms a vesicleo 
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They are not considered to be simply oil droplets in the 

cytoplasm as they leave a protein ghost when oil is 

extracted and do not coalesce when they touch (Clowes 

and Juniper 1968). The electron micrograph of a 

nutritive cell of Hypochaeris shows a number of densely 

stained osmophilic lipid droplets, or spherosomes, 

accompanied by numerous transparent unstained structures. 

These may be protein containing spherosomes which have 

not yet developed lipids, or alternatively have lost their 

lipid content. The loss of lipids from some of the larger 

droplets could be due to inadequate fixation and subse

quent leaching during processing. 

Bell and Peakall (1969) show transparent protein and 

osmium-stained lipid droplets almost identical in appearance 

with those of Hypochaeris, from the silk gland of a spider. 

Similar whorls of 'ergastoplasm'are also found in both 

types of cells o It is possible that production of lipid 

droplets is a process which is basically the same in 

diverse types of cells Q 
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THE GRAPHS 

All data used in the construction of the graphs 

are given in detail in the tables in appendix II. 

For example Graph I is based on a total of 65 galls. 

Sample sizes are given in the tables. 

It is not possible to have controls as the pith 

of normal stems (ungalled) breaks down very early 

during development. 



GRAPH I 

37 

36 

Ci'l 
Z 35 0 
c:: 
U -~ 
Z 34 -
c:: 
t;&.1 

f-
t;&.1 

~ 33 < -0 
..J 

<..J 
t;&.1 

U 32 

31 10 15 20 25 

AGE IN HOURS 
() 

VARIAT ION OF PITH CELL DIAMETER 

WITH AGE OF GALL 

IN THE FIRST 24 HOURS 



78 

GRAPH I (see Table A) 

Variation of Pith Cell Diameter with Age of Gall, 
in the first 24 hours o 

The rapid elongation of the stem taking place at 

this time is a consequence of the cell enlargement 

occurring during the 18 - 24 hour period. It is 

probable that a decrease in the rate of cell division 

also allows cells to increase in diameter. There is 

no significant difference between pith cells of 

galled and ungalled peduncles at this stage. 
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GRAPH 2 (see Table B) 

Variation of Pith Cell Diameter with Age of Gall 

during the first Five Weeks. 

The most rapid increase in pith cell diameter 

occurs between the third and eighth days after 

oviposition. The increase in diameter of these 

cells continues for several more weeks after this, 

but at a gradually decreasing rate. 

Hyperplasy occurring during the second week of the 

galls development produces smaller cells effectively 

reducing the average diameter. 

Where they persist~ cells of ungalled stems 
. 

show similar increases in diameter during the first 

four days, but after this show little further 

increase in size and attain final diameters of 

60 microns at the most o 
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GRAPH J (see Table D) 

Range of Pith Cell Diameters to be expected in 95% 

of the population of gallso 

The limits of the mean cell diameters for ages from 

6 hours to 2 weeks are tabulated in Table D and 

shown on Graph 3. 

The more widely spread limits for the older galls 

result both from smaller samples (hence the limits 

cannot be stated so precisely} and a greater 

variability between galls of these ages. 
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GRAPH 4 (see Table F) 

Growth Rates of Pith Gall Cells. 

Growth rates of pith gall cells increase rapidly 

and reach a maximum of ten microns per day. during 

the fourth and fifth day, thereafter falling by 

the ninth day to a rate of less than one micron 

per day. 

Data for this graph ,were taken from Graph 2. 
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GRAgH 5 (see Table G) 

Average Diameter of Pith Cell Nuclei with Age of Gall. 

During the period of maximum increase in diameter 

of gall pith cells, there is a parallel increase 

in the size of the nucleio 

However, there is no further increase in size 

after nine days, with the exception of the intense 

nuclear hypertrophy encountered in the cells of the 

nutritive tissue. 
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GRAPH 6 (see Table H) 

Average Numbers of Cells across the Pith 

Diameter with Age of Gallo 

In most cases cell divisions occur to a limited 

extent throughout the first six weeks of the galls 

development. The extreme cases quoted elsewhere} 

where great hyperplasy occurred about the end of 

the first week, have been omitted. 
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(see Table J) 

Relationship of Dry Weight of Galls to Numbers of 

Emergent Insects. 

The exit holes on approximately one hundred dried 

galls were counted and the weighed. The dry 

weight of a gall was proportional to the number of 

insects emerging from it. 



180 
til 
Z 
~160 
U 
joIIIBt 

~ 140 

til 
CIj 

~ 100 
.Z 
.~ 

U 
joIIIBt 

)::t 
~ 

~ 
-< 
U 
joIIIBt 

~ o 
u 

GRAPH 8 

10 20 30 40 

AGE 0 GALL IN DAYS 

VARIATION OF THICKNESS OF CORTEX 

WITH AGE OF GALL 



85 

GRAPH 8 (see Table K) 

Variation of thickness of Cortex with Age of Galls. 

Like the pith, the cortex increases in size more 

rapidly during the first nine days. After this 

there is steady increase of just over one micron 

per day until full size is reached at six weeks. 

Measurements were made on each gallon four radii 

at right angles. 
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GRAPH 9 (see Table L) 

Surface Areas of Epidermal Cells in square microns. 

This graph shows diagrammatically the marke~ 

difference in shape of normal and galled epidermal 

cells. It is interesting that the areas remain 

approximately equal. 

The galled epidermal cells have expanded circumferent

ially at the expense of the longitudinal extension 

normally shown by these cells. 
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GRAPH 10 (see Table L) 

Vascular Bundles. 

This graph shows the results of hypertrophy and 

hyperplasy on the vascular bundles of galled 

peduncles of various ages, compared with normal 

mature stems. 

The figures are based on the average measurements 

obtained from four bundles in each of six galls of 

the stated ages. 

A. Length from apical end of procambium to apical 

end of protoxylem. 

B. Average number of vessels per xylem point. 

C. Diameter of the largest xylem vessels in microns. 

D. Distance apart of adjacent files of xylem vessels 

in the same bundle. 
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GRAPH 11 

Increase in average stem diameter with age. 

Increase in stem diameter reflects the increases 

of its constituent tissues. Some variation can be 

explained by the differences in the plants used 

being cumulative and becoming more pronounced with 

increasing age. Slight differences in rates of 

cell diameter increase and division and the duration 

of such processes could result in different sizes 

of galls being formed. 

Data for this graph are included in Table Bo 
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DISCUSSION 

5.1 INTRODUCTION TO THE DISCUSSION. 

Cecidogenesis embraces a complex series of interactions 

occurring between the plant and the gall inducing organism. 

The resulting gall the outcome of reactions of plant 

cells to changes in their metabolism caused by these 

organisms .. 

The processes involved in cecidogenesis are fundament

ally the same as those occurring during normal morpho~ 

genesis. They differ mainly in the amount and duration of 

histogenesis taking place. Tissues not normally found in 

the ungalled organ may appear in the gall. 

The processes leading to gall formation have long been 

the subjects of numerous investigations. Although details 

of the morphology of a very large number of galls are 

known, there is still little definite information available 

regarding the origin, nature and mode of action of the 

gall inducing influences emanating from the causative 

organisms .. 

Part of this discussion will consider the salient 

points of the theories proposed by earlier workers to 

explain gall induction.. Most theories accept that the 

gall-inducing principle chemical in nature. 

The origin of this chemical stimulus has been 

variously suggested to be in the wounded plant tissues, 

in the ovipositional fluid of the adult, in the egg~ 
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or as some secretion or exudation from the feeding 

cecidozoan. Nmnerous compounds acting in many ways 

have been suggested as the stimulus. 

The feasibility of these suggestions in the light of 

recent advances, l'lith particular attention being paid to 

the role of growth hormones as cecidogenic agents, will 

be explored. 

Wlenever possible the applicability of all these 

general proposals to the particular case of the gallon 

Hypochaeris will be examined, and an attempt made to 

explain the initiation and development of this gall in 

terms of present day knowledge~ 
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WOUNDING BY THE OVIPOSITO~ 

Wounding by t~e ovipositor has two effects on the 

plant. One of these is a release of latex from 

laticifers, as described previously, into the puncture 

made by the ovipositor and into adjacent cells 

(see Plate 4.3)0 Although latex consists of a complex 

mixture of various substances in solution and suspension 

(carbohydrates, organic acids, salts, alkaloids, sterols, 

fats, tannins, mucilages and many hydrocarbons) 

(Bonner and Galston 1947), no eVidence has ever been 

advanced to suggest that it has cecidogenic activity_ 

The fact that so many latex-producing plants can be 

injured without gall production supports this view. 

Coagulation of latex may be instrumental in preventing 

the access of pathogens to plant tissues e 

The other effect is the actual damage to cells 

caused by the penetration of the,ovipositor e Evidence 

exists that superficial wounding of cells has some 

effects. Brown (1937) found that dying cortical cells 

stimulated nearby cambial activity, and the formation 

of callus from lnany tissues. is well known (Sass 1932, 

Sharples and Gunnery 1933}e 

Reamur (1734) advocated a theory of mechanical 

irritation by the ovipositor, the egg and the larva, 

and also that they caused a rise in temperature which 

encouraged surrounding growthe He also suggested that 
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differences in the shape of the ovipositor would result 

in different egg placements" and thus result in 

different gall shapes. This theory never met with 

acceptance" although the discovery that Pontania 

is able to initiate gall formation by wounding with 

its ovipositor without deposition of an egg, 

(Beyerinck 1882) revived interest in it. 

Kostoff and Kendall (1929) do not consider that the actual 

wound due to oviposition is entirely responsible for the 

initiation of the limited proliferation found bordering the 

canals leading into Cynipid galls. They suggest the presence 

of irritating substances of bacterial origin as a contributory 

factor. 

However because of the production of wound hormones 

(Haberlandt 1902) and numerous necrobiotic changes 

affecting adjacent cells (Bloch 1941), some small 

effect attributable to wounding by the ovipositor 

is thought possible (Kostof,f and Kendall 19,29) .. 

Rosen (1916) and Rose (1939 - 1941) showed wounding 

with glass capillaries to be ioeffectiveo 

In the li~pochaeri~ galls examined" cells along the 

path of the ovipositor showed some definite changes .. 

Apart from penetration of latex into the lumen of damaged 

cells and into intercellular spaces, many cells also 

showed the enlarged nuclei indicative of abnormal 

metabolism o Meyer (1950) considers that this is 
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related to an increase in R.N.A. and to proteogenesis. 

Frequently collapse of tissues causes a shallow depress

ion marking the site of oviposi<t:;ion (Plate 4 .. 9 ).. In 

a small number of cases limited hypertrophy or hyper

plasy of cells next to those damaged by the ovipositor 

occurs.. This is a characteristic response of cells 

adjacent to damaged or dying cells (Bloch 1941) 
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5 .. 3 OVIPOSITIONAL FLUIQ 

Malpighi (1686), who was the first to conduct a 

critical examination of galls, observed the intro

duction of a fluid along with the egg, and concluded 

that this was the cause of the gall. Similarly 

Riley (1876) stated that 'with the ovipositor, the 

female pierces the plant tissues, and therein 

consigns a small quantity of a peculiar poisonous 

fluid. Under the influence of this fluid the gall 

rapidly develops, and is generally fully formed 

before the egg hatches.' Lacaze-Duthiers (1853), 

Darwin (1873), Prilleux (1876) and Paget (1880) held 

similar views@ The work of Beyerinck (1882) and 

Adler (1881) introduced a new concept into thought 

on the induction of Cynipid galls. Adler (1881) 

observed that gall development of Cynipids only 

takes place after the emergence of the larva from 

the egg, which may be 3 - 4 months after oviposition. 

Beyerinck (1882) found that killing the larva before 

emergence prevented gall developments These~ and 

many similar observations since, are interpreted as 

evidence that gall formatio~ by Cynipids is 

associated with the larva and not with the oviposition

al fluid (Cook 1923)0 

This viewpoint overlooks contradictory examples 9 

such as Rhodites rosae which deposits its eggs in' 
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epidermal cells of rose leaves, where hypertrophy 

followed by hyperplasy occurs before emergence of 

the larva (Maresquelle and Meyer 1965), and Andricu~ 

piluia on 2uercus where the gall reaches its full 

size in 3 ... 4 days while the larva may not have emerged 

from the gall (Evans and Grundmann 1954). 

The related Tethredinoidea (sawflies) have long 

been of interest in this connection since Beyerinck 

(1882) sho'ved that Pontani~ can cause galls merely by 

inserting its ovipositor9 He suggested that a cecido

genic fluid was injected but doubt has been expressed 

as to the applicability of this hypothesis to all 

sawflies (Kuster 1930). Hovanitz' (1959) showed that 

~onta~ is able to induce galls with a fluid produced 

by the ovipositional gland of the adult female 3 but 

that continued growth of the gall requires the presence 

of the developing egg or larva. 

The early response of Hypocpaeris r~Qicata to 

oviposition, with considerable hypertrophy followed by 

hyperplasy while the larva is still in an embryonic 

condition, is similar to that shown by Rhodites, 

described above.. Both of these examples could be taken 

as evidence that ovipositional fluid injected with the 

egg, is the gall inductor.. However, the same phenomena 

could be explained by assuming the presence of a 

cecidogenic substance on the surface of the egg 
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. (Kostoff and Kendall 1929) or diffusing from the! egg. 

Similarly Hypochaeris radicata shows some parallelism 

with the early development of Pontania galls.. A,lthough 

no definite cases where the ovipositor was inserted 

without depositing an egg could be found, many small galls 

which had ceased development at an early stage were 

dissected without finding an egg or larva.. Absence of 

an egg in these cases may indicate that the initial 

stimulus lies in the ovipositional fluid. 

Another effect attributed to the ovipositional fluid 

is the initiation of breakdown of cells to form an egg 

cavity. Typical examples of cavities which could be form-

ed in this way are shown in Plate (4 0 6). Lysis of cells 

by eggs and larvae of Cynipids is well known. In the 

examples which have been closely studied", such as 

Ayla1glechomae on Nepeta hederacea (Taylor 1949)", the 

egg sinks slowly into the tissues of the leaf as the 

cells beneath it disintegrate under the lytic action 

of some substance associated with either the egg or 

ovipositional fluid. is not known if the egg cavities 

of Hypochaeri§ galls are formed by a similar breakdown 

of the surrounding cells, or if, as is suggested elsewhere, 

they are merely the result of a release of tension 

triggered off by the insertion of an egge Again there 

is no evidence that such a substance is contained in 
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the ovipositional fluid as the same effect would be 

shown by diffusion from the egg. 

A third possible property of ovipositional fluid, 

which will be considered more fully later, is the 

inhibition of the further breakdown of pith cells, 

once the egg cavity has formed. This and the previous 

property would be mutually exclusive .. 

Krainska (1966) using the fluid extracted from the 

ovipositional gland of fyuips folii found that the 

secretion does not initiate a gall. He suggests that 

its function is to protect the egg from the noxious 

effects of surrounding plant tissue. 

From the above evidence it appears that, 

the possibility of the ovipositional fluid causing the 

initial development of a gall and other effects is not 

to be discounted, but it is more likely that diffusion 

from the egg is the major source of the cecidogenic 

agent" It seems likely that a similar situation 

exists in Hypochaeris galls. 
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DIFFUSION FROM THE EGG 

Beyerinck (1882) believed that the egg secreted 

'growth enz~nes' which diffused through the egg membranes and 

acted on the tissues just before emergence of the larva. 

Other investigators (e .. g" Kostoff and Kendall 1929) claim 

to have seen an egg excretion, a fluid, between the egg 

and the plant cells. The production of visible quantities 

of some secretion by an egg seems unlikely as the break-

down of cells to form the larval cavity would release 

sufficient cell sap, etc 9 , to account for the presence 

of this surrounding fluid. Ovipositional fluid could 

augment this .. 

The diffusion of cecidogens from the egg into ,this 

fluid to supplement the limited effects caused by the 

ovipositional fluid and wound hormones, etc.ll from the 

ruptured cells, could be the,explanation for the early 

development of those galls which form before larval 

emergenceQ The galls on Hypochaeris, as well as those 

formed on willows by Tethrinoids (Havanitz' 1959), could be 

explained in this waYG Such a hypothesis cannot be 

excluded as being applicable to Hypochaeris galls. 
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5 .. 5 WOUNDING BY THE LARVA 

Adler (1877) believed that the first incision of 

the larval mandibles was the stimulus needed to initiate 

gall development. 

Beyerlnck (1882) refuted this and stated that an 

enz~ne diffusing from the egg caused gall development 

before larval emergence from the egg membranes and 

feeding began .. 

Weidel (1911) pointed out that Beyerinck could easily 

have missed the small mandibles and first tiny punctures 

in his hand cut sections, and for this and other reasons 

supported Adler. 

Adler (1877) and Cameron (1893) considered that the 

irritation of continuous wounding of the plant cells 

would provide all the stimulus necessary for gall 

development 0 Cook (1902 and 1904) and Barber (1938) 

support this belief that the mechanical stimulus of 

chewing by the larva is the sole cause of galling. 

Further evidence which could be advanced to support 

this explanation is provided by Haberlandt's (1902) 

concept of wound hormones forming in damaged cells and 

diffusing into adjacent cells where they cause 

divisions, etc, and by Reiche (1924)J who showed that 

injection of cell sap and debris into plant tissues 
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also causes division and growth. 

Rosenstock (1963) explained evidence of this kind 

as an effect of cell-sap causing the withdrawal of 

water from intact cells. Similar results can be obtained 

by injecting inert osmotic solutions into plant tissues. 

In 1914 Magnus drew a-btention to the great frequency 

of an initial lesion as the origin of galls.. Rosen (1916) 

and Rose (1939, 1941), showed that the lesions caused by 

wounding with capillaries enhanced the effects on tissues 

of any cecidogenic substances present .. 

Another incontrovertible fact against wounding being 

the principal cause of gall formation, is the existence 

of a large nrunber of phytophagous animals, many of which 

are closely related to cecidozoa and have very similar 

life-histories and feeding habits, but do not form galls. 

There is obviously some fundamental difference between 

cecidozoa and other phytophagous animals. It is now 

generally accepted that the animals capable of causing 

galls produce secretions with cecidogenic properties, 

which are lacking in other non-cecidogenic phytophagous 

animals. As digestive enzymes are common to both of 

these groups they cannot be the causal secretions. 

The initiation of gall formation is not dependant 

on a wound stimulus associated with feeding of the 

Phanacis larva, although wounding may later modify 

contributions to gall formatione . 
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5 .. 6 LARVAL SECRETIO~S (excluding saliva) 

BeyerinckYs (1882) concept of growth substances emanat" 

ing from the larva and affecting surrounding tissues has 

now been generally accepted. Of the numerous attempts 

which have been made to show the existence and nature 

of such substances the following are typical. 

To show that leaf-hopper larvae from sugar-cane galls 

contained growth-promoting substances, Martin (1942) 

macerated them and injected the extract into stems of the 

host plant. He obtained galls similar to those normally 

produced by this insect .. 

Boysen-Jensen (1948) placed larvae of Mik~ from 

beech galls on lanolin paste for some time.. This treated 

paste induced galls on beech leaves, showing that some 

growth promoting substance had diffused into it from the 

insect. 

Rossig (1904) supported' by Triggerson (1914) believed 

the Malpighian tubules were the source of the stimulatory 

substances. The latter injected extracts of these into 

plants and obtained some semblance of galling.. The 

results of Wilheim (1930J who shOl .. ed that a variety of 

substances, e .. g. sugar, horse"serrun, etc, produce 

callus formation when injected into the pith cavity of 

beans, suggest that dissimilar substances unrelated to 

larval secretions, may have cecidogenic properties .. 
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Kuster (1911) showed the excrement of Pontania to 

be cecidogenic, and similarly La Rue (1935) found the 

same property in that of leaf mining caterpillars. 

In another caterpillar the active principle is c.on

tained in a silk produced during feeding (Beck 1954). 

However despite this diversity of sources, the 

most important source of the stimulatory substances 

produced by most cecidozoa is undoubtedly in the 

salivary secretions. 
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SALIVA~Y SECRETIONS 

The salivary mechanisms and secretions of externally 

situated cecidozoa, such as aphids, have been intensively 

studied and their role in gall induction is well 

established Magnus (1914), Nierenstein (1930), 

Nourteva (1955-6), Anders (1955-61), Nysterakis 

(1946-8), Miles (1959). Study of internally situated 

larvae, such as Cynipidae, is more difficult, but 

Kostoff and Kendall (1929) and Roth (1949) give detail

ed descriptions of feeding by these types. Salivary 

secretions are primarily digestive in action p They 

are poured onto damaged cells or their exuded contents, 

or injected into cells, and the mixture of saliva and 

cell contents ingested. Roth (1949) saw only a little 

saliva, which was immediately taken up again, produced 

by Cynipid larvae q 

Hovanitz (1959) found that Pontania larvae were 

necessary for the continued growth of galls initiated 

by the ovipositional fluid. Removal of the larvae 

caused cessation of growths He believed the origin of 

the stimulatory secretion lay in the salivary glands. 

Cosen (1912) also believed the salivary glands to 

be responsible for the secretion of a stimulatory 

substance. 

" 
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Felt (1936) stated that the stimulation to gall 

formation by most mites, hemipterous and dipterous 

insects, and probably all the Cynipids comes from 

the salivary glands o Hough (1953) showed that 

stimulation in the spangle gall of Quercus always 

occurrs near the insect's head o 

Other groups in which the salivary glands are 

known to be responsible for producing stimulatory 

substances are Coccids (Parr 1940), Capsids (Smith 

1920) and Chermids (Burdon 1908). 

Further mention will be made of salivary 

secretions in the section dealing with the nature 

of the stimulus D 

Phanacis is preswned to be similar to other 

Cynipids in producing some cecidogenic secretion 

with its saliva o As no excrement is produced until 

the final instar before pupation (Roth 1949) long 

after gall growth has ceased, this cannot be 

considered as a possible source of stimulationo 
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5.8 OTHER SOURCES OF THB CECIDQgENIC STIMULUS 

Kostoff and Kendall (1929) considered a major part 

of the stimulation resulting in increased growth could 

be attributed to bacteria living commensally with the 

Cynipid in "the larval cavity" Similarly Lu·t:;z and Brown 

(1928) ascribed the production of an aphid gall to a 

bacterium and suggested that all galls may have this 

origin .. 

Hough (1953) has criticised this theory on the 

grounds that one would expect to find bacteria associated 

with other closely related insects such as inquilines .. 

The weight of evidence is against bacteria being a 

causal agent in all but a few galls. Bacteria are 

absent from most galls and careful searches (Evans 

and Grundmann 1954)did not reveal any in oak galls. 

Maresquelle (in Beck 1954) supposed the sterility 

to be due to the presence of a polyvalent antibiotic 

as an autodefense system in"the insect, as there is· 

no growth of saprophytes, etc, in the larval cavity .. 

No evidence for the existence of bacteria in 

Hypochaeris galls was seen, either with light or 

electron microscopy, and it is presumed that the 

larval cavity is sterile in this respect$ 

Other sources of gall inducing substances have 

been suggested .. 
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The theory that viruses may be implicated has 

received serious cons~deration since Black (1947) 

showed the existence of wound tumour viruseso 

Several of these wound tumour viruses causing tumorous 

growths of roots etc, are now known .. 

Sucking insects are the main vectors of virus 

spread and at least one gall forming virus - the cocoa 

cushion-gall virus is known to be transmitted by this 

means II Eriophyid mites are also suspected 'as be,ing 

vectors and the convoluted galls so characteristic 

of plants attacked by these animals could conceivably 

be caused by viruses. 

Kennedy (1951) has put forward the suggestion that 

at least in some cases, the insects give rise to galls 

on plants through the agency of a virus which they 

transmit, and then feed on the plant material predigested 

or conditioned by virus activity .. 

Again there no evidence available to show that 

viruses are implicated in the formation of galls on 

H~120chaeris.. No virus-like bodies were seen young 

actively growing gall cells during electron microscope 

examination of tissues surrounding the larval cavity .. 

One other source may be mentioned.. Rahn (1936) 

postUlated the existence of mitogenic rays which 

radiate from the cecidozoan and affect adjacent tissues, 
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the effect falling off as they are absorbed. No 

physical evidence of their existence has ever been 

produced, and this theory do~s not explain the 

formation of galls by aphids and other ectoparasites, 

or the absence of galls in closely related insects 

e.g o Sxnergus spp., some species of which produce galls 

while others do not. 
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THE NATURE OF THE STIMULUS 

at General 

Lacaze-Duthiers (1853) proposed that each insect had 

its own specific poison which produced its own unique 

effect on the plant. 

Similarly Darwin (1873) in his 'Origin of Species' 

mentions 'the symmetrical and complex outgrowths caused 

by a minute atom of the poison of a gall insect'. 

Paget (1880) also postulated the existence ~f a 

vvirus or morbid poison which acts on the plant proto

plasm to cause galls.' 

Later workers have attempted to identify the substances 

responsible for cecidogenesis by various means. In most 

cases these substances are present in such minute 

quantities among the great heterogeneity of compounds 

in cells that their analyse~ are not possible.. Many 

of the attempts to identify these substances utilize 

techniques whereby known chemical compounds are used 

to simulate gall formation, on the assumption that 

similar morphogenetic responses can be attributed to 

similar causative agents.. Such assumptions are often 

invalid.. Some of these experiments are mentioned in 

the text below .. 

The substances suggested as causative agents are 
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enzymes, plant hormones, aminoacids and nucleic acids. 

In the light of present day knowledge all of these are 

known to be involved, but not always in the manner 

envisaged by their original proposers. 

b, Enzy:me~ 

Enzymes were first suggested as the stimulatory 

substances by Beyerinck (1882) .. Kostoff and Kendall 

(1929) consider that several enzymes must be present .. 

These are diastase acting on starch, proteases and 

amidase to effect destruction of cell contents near the 

larva, hadromase acting on sclerenchyma, and cytase 

hydrolysing cell walls. 

Cosens (1912) and Rosen (19l6) both mention amylases. 

Parr (1939, 1940) found in Coccids, amylase, invertase, 

protea:;;;e, and oxidase, and .Plumb (1953) added peroxidase v 

Beck (1946) lists a similar range. 

Recent evidence by Ander~ (1955-61) suggests that the 

proteolytic enzymes, protease and peptidase, present in 

insect saliva, by breaking down proteins J produce 

aminoacids which he says are the causative agents of 

galling .. 

Although these are mainly digestive enzymes without 

any specific cecidogenic properties, Beck (1946) considers 

them to be effective because they maintain a raised 

pH and a state of hydrolysis, prolonging meristematic 

conditions, and by hydrolysis they liberate precursors 

of cecidogenic substances. 
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Nierenstein (1930) has suggested that a tannase is 

also secreted by the insect to hydrolyse the tannin 

produced by the plant which precipitates the digestive 

and cell destroying enzymes. 

Other enzymes are now known to be involved in all the 

anabolic processes of cecidogenesis e 
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c. Aminoacids 

Anders (1956, 1959) introduced a new concept of the 

cause of cecidial hypertrophy. In chromatographic studies 

of aphid saliva he found high concentrations (up to 10%) 

of free aminoacids, particularly tryptophane, hystidine 

and lysine. Glutamic acid and valine were present in 

smaller amounts. Similar quantities were found in another 

aphid, both in its saliva and its honeydew, (Schaller 

1960). 

Anders investigated the cecidogenic action of these 

aminoacids from aphid saliva and found them capable of 

inducing clavate swellings of root-tips in certain 

concentrationsQ Experiments with single aminoacids 

produced less effect than the aphid saliva. Anders 

found that mixtures of tryptophane, hystidine and lysine 

were most effective and claimed to show by cytological and 

histological studies that these three were the main 

cecidogenic agents in aphid'gallformation. He suggested 

that the aminoacids may have originated as plant 

materials which were merely regurgitated by the insect. 

However recent work has cast doubt on Ander's 

results. Schaller (1960) found a different group of 

aminoacids. ~lthough injection of these has some 

physiological effect it does not necessarily mean that 

they are cecidogenic. is now well established that 

all hemipterous insects including many which do not 
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produce galls, have aminoacids in their saliva and it is 

'probable that this characteristic is shared by other 

phytophagous insects such as Cynipids (Nuorteva and 

Laurema (1961) and Miles (1967,) ). 

Miles (1968) showed that nodules were not produced 

in solutions of theaminoacids alone or in mixture, but 

were produced by the potassium dihydrogen phosphate 

buffer used by Anders. 
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d. Plant Hormones 

Growth and differentiation of the healthy plant is 

primarily under the control of a small number of chemical 

substances with non-specific activity (van Overbeek 1966). 

The increasing knowledge of the effects of some of these 

chemical substances with growth promoting activity has 

led to the suggestion that they might be responsible for 

gall initiation (Martin 1938)g 

A.uxins 

The most well known of these substances, the auxins, 

have naturally received most attention in gall induction 

studies. Numerous attempts have been made to explain gall 

development as a result of auxin action and to induce galls 

using auxin solutions. 

Brown and Gardner (1936) produced large galls on bean 

plants with high concentrations of heteroauxin. 

La Rue (1935) simulated.leaf miner intumescences on 

leaves using heteroauxin. 

For some time heteroauxin was believed to be the 

causative principle of crown gall (Riker 1939), but 

Mitchell, Burris and Riker (1949) later suggested caution 

in using this interpretation, as some other non-pathological 

bacteria produced almost as much heteroauxin and did not 

form tumours Q De Ropp (1950) is of the opinion that 

tumours produced by heteroauxin are different from 
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crown gall tumours, as the latter cause permanent 

mutagenic changes while the former only induces 

proliferation as long as tissues are exposed to it. 

Link and Eggers (1941) found more auxin in gall 

tissue than in normal tissue. Results showing the 

presence of auxinic properties were obtained in an 

assay of an extract of HXQochaeris radicat~ galls 

(see appendix 3 )Q 

Boysen"Jensen (1948) placed larvae of Mikiola fagi 

on lanolin paste and found that a substance from the 

larvae, absorbed by the lanolin, would induce galls 

on beech leavess He did not believe that a special 

cecidotoxin existed, and considered the unique shapes 

of galls to be due to the secretion of general growth 

substances in definite places and concentrations. 

Nolte (1954) found that an auxin-lanolin paste 

produced galls very similar to an extract of Mikiola 

fagi when they were both applied to Fagus leaves. 

Others (Link, Eggers and Moulton 1940; Nysterakis 

1946, 1948; Allen 1951; Maxwell and Painter 1962) 

have demonstrated the presence of Indoleacetic acid 

in aphid saliva. Duspiva (1954) suggested IAA is 

synthesized in the salivary glands of the insects 

while Nuorteva (1955) thought it may be transferred 

from the diet to the salivary glands g 

Godan (1955) used auxin inhibitors (coumarin etc) 
\ 
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on a paste which he applied to galls. Cessation of 

growth in the treated parts was taken to mean that auxin 

was the causative agent. 

Synthetic auxins, e.g. 2,4-dichlorophenoxyacetic acid 

and 2,3, 5 triiodobenzoic acid sometimes give more 

spectacular results in gall induction experiments than 

do naturally occurring ones, (Murray and Whiting 1948) 

probably because they are not subject to control by 

the natural inhibitors of IAA activity (Kefeli and 

Turetskaya 1965); (van Overbeek 1966). 

Synthesis of IAA by insects 

Miles (1968) outlines the synthesis of IAA by the 

salivary apparatus of Elasmolomus sordidus~ an aphid. 

Although no work of a similar nature has been carried 

out with saliva from Cynipids it is reasonable to 

assume that the same, or at least a very similar process, 

could occur in this group. Miles (1967) established 

that aminoacids present in'the haemolymph also occur 

in the saliva. Tryptophane is one of these. 

Dihydroxyphenylalanine (DOPA) is probably also present 

in the salivary glands (Miles 1967), and in another 

part of the apparatus, the accessory gland~ polyphenol 

oxidase is found (Miles 1964). From the reaction 

outlined by Gordon and Paleg (1961) it is possible for 

IAA to be formed when the salivary secretions, 
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containing the above substances, are mixed together 

during the moment of salivation. Using injections 

of l4c labelled phenylalanine Miles (1968) showed that 

DOPA is produced from this in the salivary glands, 

and similarly l4c labelled tryptophane gave rise to 

labelled IAA in the salivaD 

Miles (1968) carries this work further to show 

that Elasmolomus, which is not cecidogenic, can be made 

capable of producing galls, by injecting excess trypto

phane and phenylalanine into the insect's bodyo 

The morphogenetic changes associated with auxin will 

be mentioned in later sectionss 

Other Hormones. 

The involvement of other plant hormones in cecidogenesis 

has not been studied at all. Miles (1968) considers that, 

apart from the possibility of direct transfer from diet 

to saliva, it is not possible to conceive how giberellins 

and cytokinins would fit into the biochemistry of insect 

saliva. However, it is almost certain that giberellins 

and cytokinins, and also ethylene and abcissic acid, are 

involved as it is well established that hormones do not 

act alone in isolated systems but in an interrelated 

mannera The possible involvement of these hormones and 

their morphogenetic effects will also be discussed later •. 

Other substances with cecidogenic effects 

Cecidogenesis has been attributed to the effect of 
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othe,r substances besides the recognized plant ho;rmones .. 

Taylor (1949) considers it possible that secretions 

from the salivary glands of Aulax gJ.,echomae, which con

tain strikingly large amounts of ribose nucleic acid, 

may affect the nucleic acid cycle of leaf cells to 

induce mitoses and subsequent gall growths She does not 

actually attribute the responsibility for cecidogenesis 

to an emission of RNA by the insect l as Maresquelle and 

Meyer (1965) report, but merely implies the possibility 

that this may happen .. 

Pfirsch (1965) extracted a water soluble substance 

with no indole properties which affected growth of 

Stachys silvatica .. 

Lutz and Meyer (1965) found the presence of larvae 

necessary for regeneration of cultured gall tissues, 

despite a high auxin concentration in the medium .. 

Lewis and Wal-ton (1947, 1958) describe small 

crystalline bodies, grampositive and insoluble in the 

usual solvents, found in the cytoplasm of an aphid .. 

These can be traced into plant tissues where they have 

intense cecidogenic effects. They do not multiply in 

the plant. Possibly they are some type of virus .. 

Jacquiot and Gouvernel-Guillemain (1954) showed that 

an extract from the frass a wood boring Buprestid 

beetle contained at least two substances with different 

properties, one affecting cambium and the other 

lignified parenchymao 
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5 .. 10 MORPHOGENETIC ,CHANGES 

The morphogenetic changes induced in the peduncle of 

HX20chaeris radicata by Phanacis hY2ochoeridi~ result 

from the inhibition of senescence and a reversion of 

some tissues to a meristematic condition. 

Mot'2ho,.genetic changes in normal ungalled 2educles .. 

In normal peduncles, as described in Chapter 2, 

the pith cells formed from the rib-meristem become 

highly vacuolate and frequently break down very early 

during elongation. In elongating peduncles which have 

reached approximately a quarter of their final height 

(12 cm of 50 cm) it is rare to find a solid pith .. 

Like that of a great many plants, the pith of HY20chaeris 

is torn by rapid elongation and radial expansion of 

the surrounding tissues (Eames and "MacDaniels 1947)0 

The broken cells die rapidly and probably initiate 

autolysis of adjacent cells@ The small amount of pith 

remaining, most of which is perivascular and medullary 

ray parenchyma, increases slightly in size as the stem 

ages and becomes highly vacuolated. 

Senescence 

Cytoplasmic and nuclear activity decreases \ .... ith 

increasing senescence of the tissue, until finally 

death ensues .. 

Pappelis and Smith (1963l found that cells corn 
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pith die even as elongation is occurring. As the 

parenchyma cells in these young stems die, water leaves 

them, the tissue appears white, and the cells fill with 

gas. In H~pochaeris cell walls persist in parts after 

death and ~t is only in lack of protoplasts and 

chemical nature that the old pith differs from the 

young" 

Bemiller, Johnson and Pappelis (1969) found no 

live cells in pith of elongated 'corn stalks and noted 

a decrease in RNA content to only 20% of that of living 

cells .. 

Senescence of the whole inflorescence of Hypochaeris 

proceeds rapidly after seed formation.. Most of the 

work on senescence concerns leaves. Galston and Davies 

(1969) mention that one of the most interesting 

theoretical developments of the last few years has been 

the concept that aging is an active process, controlled 

largely by hormonal interactions Q 

A general symptom of senescence in plant tissues is 

a decline in the rates of nucleic acid and protein 

synthesis" Senescence of Phaseolus endocarp can be 

delayed by auxin and kinetin which stimulate synthesis 

of ,RNA and proteins (Sacher 1965}e 

Abcissio acid, an inhibitory hormone, originally 

found in maturing and senescent cotton fruits 

(Ohkuma, Lyon, Addicott, Smith; (1963) and probably 
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ubiquitous in all plants, appears to be involved in a 

wide range of interactions with promotive hormones such 

as giberellins and kinetins (Galston and Davies 1969). 

Among the effects attributable to application of synthetic 

abcissic acid are leaf senescence and the cessation of 

extensive growth (Aspinall, Paleg, Addicott 1967)0 

Abcissic acid may exert its action by inhibiting the 

synthesis of certain RNA molecules, or preventing their 

incorporation into an enzyme synthesizing unit. 

Although abcissic acid is likely to be involved to 

some extent in the aging of tissues in inflorescences, other 

senescence factors such as the very high level of 

peroxidase activity in old cells (Siegel and Galston 

1967) are also concerned. The roles of peroxidase in 

senescence are suggested by its action in inactivating 

auxin (Galston, Bonner, Baker 1953) and producing lignin 

(Siegel 1955). 

Although no satisfactory explanation for the early 

senescence and death of the inflorescence, a character

istic shared by most Angiosperms, is possible yet for 

Hypochaeris, it is of great interest to compare it with 

the abnormally delayed senescence shown by the galled 

peduncle of this plant. 
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MORPHOGENETIC CHANGES IN THE GALLED 
INFLORE SCENCE , 

During the development of complex galls, three con-

secutive phases are passed which vary considerably in 

duration, depending on the characteristics of the 

particular gall. Hough (1953) shows these as: 

Hype rt rophYl 
J dedifferentiation of normal host tissues 

Hyperplasy I 
differentiation into gall tissues 

Hypertrophy 

Maresquelle (1937) includes inhibition. 

In the gall of. Hypochaeris radicata hypertrophy is 

the only effect shown by some cells. Others may resume, 

by a process of dedifferentiation, many of the 

characteristics of young meristematic cells, and divide 

to produce additional tissueo The cells resulting from 

this division may also enlarge o The cells of certain 

regions, usually those formed by dedifferentiation and 

hyperplasy, but sometimes those which have undergone 

only limited dedifferentiation, redifferentiate as new 

tissues characteristic of the ga~l, and not found in 

normal stems. Such tissues are the nutritive layer 

surrounding the cavity of the feeding larva, and the 

sclerified parenchyma forming a 'protective' capsule 

round the insect o 

Some authors have considered galls to be only a 

rearrangement of normal tissues (Goebel 1900) or to 
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lack any essential differences in organ or tissue 

modification from those occurring in wound calluses 

(Butler and Jones 1949}o However these viewpoints 

do not explain the presence of the nutritive tissue 

and sclerified layer in Cynipid galls such as that 

on Hypochaeris radicata~ 

The morphogenetic, or cecidogenic, processes out

lined above and resulting from prolonged stimulation, 

may persist for a period of many weeks before senescence 

terminates them. These processes and effects form the 

subjects of subsequent sections. 
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5 .. 12 HYPERTROPHY 

Hypertrophy is the most characteristic feature of 

galls.. Tissues increase in size because of hypertrophy 

of their constituent cells.. Within the cells nuclei and r 

nucleoli are also enlarged. 

It is increasingly evident that the morphogenetic 

responses of developing plants are caused by minute 

quantities of plant hormones, acting, not as isolated 

systems, but in an interrelated manner in the plant as 

a whole (Galston and Davies 1969) .. 

The proportion of hormones present may have profound 

effects on growth rates and subsequent differentiation" 

It is suggested that galls, including that of Hypochaeris, 

are the result of variations in the quantities and 

points of application of these hormones.. An attempt 

will be made to explain the structure of the gallon 

Hypochaeris with reference to the known effects of 

these hormones on normal plants. 

Almost any of the cells of a galled peduncle of 

Hypochaeris may show hypertrophy.. Although hypertrophy ... 

ing agents affect both differentiated cells which do 

not undergo further d~vision, and those resulting from 

dedifferentiation and hyperplasy, the processes 

involved are probably the same" 

One of the most interesting aspects of the hypertrophy 

of galled peduncles of Hypochaeris is the very limited 
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elongation and the marked ra~ial expansion of their 

cells, compared with cells of normal ungalled stems 

which show great elongation but very little increase 

in diameter. This is most clearly seen in the 

epidermal cells (See fig G9 ) where gall cells are 

only one third of the length but three times the width 

of normal cells. Other tissues show similar ratios. 

Role of Auxin in Hypertrophy 

Hypertrophy of a cell involves an increase in the 

volume of the cell contents and a corresponding 

stretching of the cell wall to accooonodate this 

increaseo 3-Indoleacetic Acid has been shown to 

occur in a number of insect galls and is probably the 

major cause of the hypertrophy exhibited by them u 

The major action of this auxin in facilitating cell 

extension is to increase the plasticity of the cell 

wall, which is then stretched by water uptake resulting 

from the osmotic potential 'of the vacuolar. sap 

(Galston and]l)avies 1969).. Plasticity is a non

reversible wall deformation thought to be caused 

by the breaking of crosslinks between the cellulose 

micro fibrils of the cell wall (Lockhart 1965). 

Enzymes are probably required for auxin-induced 

loosening of cell walls, but their nature is not 

certain. Increases in cellulases (Fan and Maclachlan 

1968) and in pectinases and gluconases (Datko and, 

Maclachlan 1968) occur over a ,period of days in 
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intact tissue after IAA treatment. Possibly these 

enzymes may be involved in wall extension of Hypochaeris 

galls, a,s pectinase is known to be present in salivary. 

secretions of aphids and to act on the middle lamellae 

(McAllan and Adams 1961). 

Possible Role of Gib~rellins 

Giberellins are known to cause bolting in rosette 

plants, mostly as a result of cell elongation. This 

appears to be related to nucleic acid metabolism. 

Although Miles (1968) cannot conceive how giberellins 

can be derived in galls a case can be made for their 

involvement. Giberellins are reported to induce the 

formation of enzymes which weaken cell walls (MacLeod 

and Millar 1962). They also induce the formation of 

proteolytic enzymes which release tryptophane, the 

precursor of IAA@ Van Overbeek (1966) suggests that 

the hydrolysis of starch by a-amylase, whose synthesis 

is induced by giberellin, may provide the necessary 

sugar concentration needed to maintain osmotic activity 

by the vacuolar sap during enlargement.. It is inter

esting to note (Chapt 4) that in the gall of Hypochaeris 

there is a reduction in the amount of starch., Whether 

or not giberellins are present and involved in gall 

hypertrophy awaits future investigation .. 

Hypertrophy in a,alls of HYEochaeris 

There is great variation in the amount of hypertrophy 

shown by cells in the galled peduncle of Hypochaeris Q 
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Parenchyma cells show the most spectacular increases 

i 
in size, but vascular tissues and epidermis are also 

affected. 

Examination of numerous samples shows that the pith 

cells near the egg cavity are always the first to show 

hypertrophy. For the first three to four days there is 

little apparent difference between pith cells of normal 

and galled stems, but after five days the pith cells of 

the gall continue to increase in size (See Fig G2 ) 

although at a decreasing rate (Fig G4 ) until they reach 

their maximum size of about 90 microns after four to 

five weeks. 

Some of the apparent decrease in rate of expansion 

of pith cells of galls can be accounted for by the 

hyperplasy which t;.akes place after six or seven days .. 

An increase in the rate of division must result in a 

slowing down of the rate of cell diameter increase o 

(The fCellules d'irrigation') 

Most gall pith cells expand isodiamet rically, but 

because of slight elongation of the peduncle occurring, 

appear rectangular in longitudinal sectionQ However 

some cells show very marked extension at right angles 

to the direction of elongation o 

Houard (1903) interpreted these as 'cellules 

d'irrigation', that is, as elongated conducting cells 

transporting material from the vascular bundles to the 

nutritive layer surrounding the larval cavity~ They 
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correspond in function to the 'faisceux d'irrigation' 

a special vascular tissue growing into the gall in some 

cases. He writes as if these are a consistent feature 

'of 1:!Y.I2ochaeris galls. Most of the galls examined do not 

have obviously elongated cells opposite the xylem points 

where Houard said they should be found (e"g. Plate 4.29). 

Such cells (e.g o Plate 4 .. 32) are found in a small proport

ion of infected peduncles, but because of the infrequency 

of their occurrence it seems unlikely that they have any 

special conducting function.. If such a function exists 

a quest'ion arises concerning the method of conduction 

across galls without these cells o Presumably conduction 

occurs through all pith cells, an~ the only property 

attributable to 'cellules d'irrigation' when they occur 

may be some facilitation of movement of solutes, as 

there are fewer cell walls and membranes to pass" 

Probably it is fortuitous that such a realignment of 

polarity and extension by a group of cells forms a link 

between a vascular bundle and the nutritive region, and 

for this reason it seems unwise to designate this as a 

special tissue as Houard (1903) has done .. 

Localized hypertrophy of groups of parenchyma cells 

very similar in size and appearance to the radially 

elongated cells mentioned above, but having no orientation 

in the direction of the larva, are also found (Plate 4.26) .. 

The hypertrophied regions of limited extent found in the 

medullary rays, in the outer perivascular parenchyma, and 
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in the inner cortex are shown in Plates 4.26, 4.33 and 4.34 .. 

Further mention of them is made later. 

'Vascular tissues are also liable to hypertrophy. 

Undifferentiated metaxylem and pro cambium Inay show consid

erable response to the hypertrophying agent (Plates 4 .. 21 

and 4.28).. Vascular parenchyma also enlarges but usually 

only after division~ 

The displacement of adjacent tissues is the main result 

of the expansion of hypertrophied cells. Apart from a 

slight compression of protoxylem (as in Plate 4 .. 25) there 

is no crushing of cells.. Hough (1953) noted that some of 

the expansion was accommodated by the elimination of 

intercellular air spaces" This occurs to a small extent 

in HYRochaeris galls, but most of the additional volume 

occupied by hypertrophied cells is accounted for by radial 

expansion of the gall.. The disintegration of cells lining 

the larval cavity also provides additional space for 

expansion. 

In Hypochaeris galls the most marked result of the 

expansion of the pith and medullary rays is seen as an 

increase in the distance apart of the vascular bundles. 

Within the bundles enlargement of xylem parenchyma may 

cause considerable spreading of the xylem points, a fact 

observed by Houard (1903) .. 

There is some enlargement of cells of other tissues, 

such as the starch sheath, cortex and epidermis, to 

enable them to continue to surround the expanding pith .. 
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Failure on their part to expand would lead to splitting 

of the gall, a condition which was not encountered. 

The picture that emerges from a consideration of 

hypertrophy in galled stems of Hypochaeris is that all 

cells enlarge to some extent, even if it only a 

slight increase o Some groups of cells show extreme 

enlargement compared with similar cells elsewhere in 

the same gall, but this is very variable. The formation 

of a gall is due largely to the cmnulative effect of all 

this cellular hypertrophy, with pith cells contri~uting 

most to the stem's enlargement. 



130 

5 .. 13 INHIBITION 

Maresquelle (1937) lists inhibition, as one of the 

consequences of galling. In Hypochaeris various develop

mental processes may be inhibited or modified. An attempt 

to explain the causes follows. 

The effect of auxin and giberellin is primarily to 

cause elongation of cells. It is not so easy to explain 

their action when cells expand radially, as they do in 

galls of Hypochaeris, instead of elongating. Laties and 

Kent (1966} working with the related chicory, found that 

although parenchyma cells expanded isodiametrically with 

lAA, in discs of stems the lignified vascular tissues 

resisted elongation and remained relatively unchanged~ 

and so permitted only radial expansion of all other 

tissues. This provides a satisfactory explanation of 

the conditions found in galls of Hypochaeris, where 

there is some early elonga~ion of the gall, but lateral 

expansion only, continues after lignification of fibreS 

and vessels .. 

Ethylene, which is also accepted as a growth hormone 

(van Overbeek 1966) promotes transverse expansion of 

Nicotiana pith cells but does not cause much longitudinal 

increase (Burg and Burg 1965).. Et.hylene production 

coincides with the auxin concentration yielding optimum 

growth promotion; thereafter the evolved ethylene negates 

the promotion due to auxin (Burg and Burg 1966}o 
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This could be the explanation for the decrease in rate of 

growth of the Hypochaeris gall. Figure G4 shows that 

the rate of growth reaches a maximwn at four and a half 

days and then decreases until ten days when a steady low 

rate is maintained for some weeks. 

Another aspect of the development of the galled 

inflorescence of Hypochaeris requiring explanation is the 

considerable variation in the amount of elongation shown 

by the peduncles of both the main and lateral buds. As 

was described earlier, there may be any response from 

complete inhibition of elongation to no effect at all. 

In a normal inflorescence, the sequence of flowering 

with the main capitulum developing first and followed 

later by maturation of the lateral buds, is not dissimilar 

to a normal shoot with monopodial growth. In such shoots 

apical dominance and the monopodial growth habit are 

governed by an interplay of hormones and by the states 

of the various buds involved (Galston and Davies 

Auxin produced by the apical bud is trans-

ported down the stem and prevents the enlargement of 

lateral buds by the production of ethylene at the buds 
l ; 

(Burg and Burg 1968)~ However, once such buds have 

started to grow auxin no longer inhibits but instead 

enhances their growth (Sachs and Thimann 1967)0 

The modification of the growth habit of the 

inflorescence of Hypochaeris by the presence ofa gall 
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can be explained in a similar way. If cecidogenesis 

commences early enough before growth of the lateral 

buds begins" their further maturation would be inhibited 

by the high'concentration of auxin produced by the 

insect in the gall tissue. In many Hxpochaeris plants, 

another facet of their extreme variability is that often 

lateral bud development does not necessarily lag far 

behind that of the main axis. As the lateral buds may 

have already commenced development in these cases, they 

would not be inhibited by high auxin concentrations~ 

The localized application of kinetin directly to 

lateral buds is known to overcome the inhibitory effects 

of auxin and enables the buds to commence development 

(Wickson and Thimann 1958). It is conceivable that 

cytokinins accumulating as a result of breakdown of 

nucleic acids (Galston and Davies 1969) during disinteg

ration of cells by the developing insect, may affect 

growth of the lateral buds on a galled inflorescence. 

~1ere the main axis fails to elongate because of 

the presence of a gall, the explanation may be in the 

age of the tissues attacked by the insect. Much of 

the meristematic activity of the growing peduncle is 

found in the region immediately below the capitulum 

bUdo' If the eggs are deposited in this region it 

CQuld cause inhibition of further proliferation and 

especially elongation, whereas deposition a very short 

distance lower, in slightly older tissues, would leave 
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the meristematic region free to continue growth •. Miles 

(1968) considers the age of the tissue to be a modifying 

factor in gall formation. 

Meyer (1958) shows that the inhibition of flower 

differentiation can occur at some distance from the site 

of the stimulus. Flowers of HYQochaeris on galled peduncles 

often fail to develope 

Various authors mention this inhibition of growth or 

elongation resulting from the presence of a larva. 

Maresquelle (1935) notes the short duration of the period 

of elongation, and Maresquelle and Meyer (19&5) describe 

nrnnerous types of inhibition. They ascribe the retention 

of a more or less embryonic aspect to galls, resulting 

perhaps from dedifferentiation or lack of differentiation. 

This is often succeeded by a more complex form later. 

They make no attempt to explain· the inhibition of 

development of tissues or organs~ 

The possibility that galled tissues are able to 

divert the flow of nutrient materials passing up into 

the inflorescence to their own use, thus resulting in 

starvation of the tissues above the parasitized region, 

must. also be considered. this is the reason for 

inhibition it is again difficult to account for the 

considerable variation of elongation shown by different 

plants .. 



134 

5.14 NUCLEAR HYPER~ROPH~ 

Hypertrophy of the nucleus as an early phase of g<illl 

development was first recognized as such by Magnus (1914) 

although earlier workers (e.g. Houard 1903) had observed 

its presence. 

There is considerable diversity of opinion regarding 

the significance of the nuclear hypertrophy of gall cells .. 

Many have considered nuclear hypertrophy to precede 

mitosis during cecidogenesis, but in most galls, the 

nutritive tissue which does not divide, has the largest 

nuclei. 

Kostoff and Kendall (1929) consider one of the causes 

to be failure of the chromosomes to separate, due, probably, 

to the effect of 'irritable' substances produced by the 

cecidozoan .. 

Others have associated nuclear hypertrophy with 

increased glucide metabolism (Maige 1923 in Meyer 1950). 

Increased cytoplasmic viscosity has been proposed 

as the cause of conditions such as polyploidy, polynuclear 

cells, endomitosis, etc.. (Mottram 1944), all of which are 

responsible for nuclear enlargement to some extent. 

The large nuclei seen in gall cells, particularly in 

the nutritive tissue, suggest that many of them are 

polyploid or multinucleate.. Gates (1942) infers doubling 

of the nucleolar material to indicate that the nucleus is 

polyploid G As cells of Hypochaer~s adjacent to the 

cecidozoal cavity always have larger nucleoli, they also 
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may be polyploid. The lobed appearance of some nuclei, 

particularly in the nutritive tissue, indicates an 

irregularity of cell division producing multinucleate 

cells (Taylor 1949). Similarly lobed nuclei were seen 

in nutritive tissue of Hyp~chaeris galls. 

As mentioned earlier, it is very likely that gall 

cells with enlarged nuclei, such as the pith cells of 

Hypochaeris, have pycnotic nuclei. 'Pycnotic' is used 

in the sense of chromosomes becoming fused into a single 

large mass which stains intensely with aniline dyes, 

and is probably to be interpreted as a highly modified 

non-functional mitosis (White 1942)9 Taylor (1949) 

suggests that pycnosis may result from over-stimulation 

to divide and may end in the death of the celIe 

Although division must occur in lixpochaeris no mitotic 

figures were observed e Depression of mitotic activity has 

been described in various galls by Rosen (1916), 

Beyerinck (1882), Houard (1904) and Wells (1920J~ 

Cosens (1912) and Kostoff and Kendall (1929) explain the 

depression of activity near the insect as due to a surplus 

of stimulant. This over stimulation may account for a 

nuclear volume increase by causing chromatin duplication, 

but by inhibiting separation of chromosomes result in 

pycnotic nuclei" 



5.15 HYPERTROPHY OF THE NUCLEOLUS 

Nucleolar hypertrophy is one of the most obvious 

characteristics of cells of galls. In parenchyma cells 

of ~~haeri§ exposed to cecidogenic influences the 

nucleoli always exhibit some degree of enlargement. 

The actual increase in size is so variable, often 

appearingquite different in equivalent pith cells on 

opposite sides of the larval cavity, that no attempt 

to tabulate them is shown. Presumably nucleolar size 

in Hypochaeris depends on the position of the cell in 

relation to the insect, and possibly on its physiological 

age, those cells more advanced in senescence 'showing less 

response than younger cells with more meristematic 

potential .. 

Although the nucleolus has been the subject of 

intensive investigation for a long time (See reviews by 

Montgomery 1898, Ludford 1922, Dermen 1933, Gates 194~, 

it is only recently that evidence of its functions has 

appeared" 

Reports by Woods and Taylor (1959), Sirlin (1960), 

and Leblond and Amano (1962) indicate that RNA. first 

accumulates in the nucleolus and then moves rapidly 

from the Ducleolus to the cytoplasm. Johnson and Jones 

(1967) note the periodic formation and collapse of 

nucleolar vacuoles as a consequence of its discharging 

its contents. 
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Br01vn and Gurdon (1964) and Ritossa and Spiegelman 

(1965) present evidence that the nucleolus functions 

in ribosomal RNA synthesis. Smetana, Unwna and Busch 

(1968) demonstrate the nucleolar ribonucleoprotein 

particles to be virtually indistinguishable from 
. . 

cytoplasmic ribonucleoprotein particles, and consider 

this to provide support for the concept that the latter. 

are assembled in the nucleolus. 

Chouinard (1967) advances the theory that the 

nucleolus-associated chromatin he describes is the 

ultimate site of RNA synthesis D 

This evidence shows one function of the nucleolus to 

be the synthesis and accumulation of RNA, which later 

moves from the nucleolus into the cytoplasm. 

The other main function of the nucleolus is now known 

to be protein synthesise The uptake of labelled 

amino-acids was first observed by Ficq (1953) and later 

clearly demonstrated in the light microscope by 

Leblond and Arnano (1962)@ That protein synthesis 

takes place in the nucleolus has also been shown by 

the uptake of labelled amino acids as detected by 

autoradiography in the light microscope (Mattingly 

1963) and by biochemical analysis (Birnstiel and 

Flamm 1964). Using both light and electron microscopy 

Chouinard and Leblond (1967) showed labelled arginine 

was taken up and incorporated in proteins by all parts 
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of the nucleolus with the exception of the vacuole. 

Not only a~e &~A and protein synthesis essential to 

auxin induced growth (Key 1964), but auxin causes an 

increased synthesis of both compounds (Key and Hanson 

1961, Key and Shannon 1964)0 

Galston and Davies (1969) suggest from the available 

evidence that some RNA specific for auxin-induced growth 

exists, which in the presence of auxin, is translated 

into protein in the ribosomes. As this RNA is utilized 

it must be replaced~ Studies by Coartney, Morre and 

Key (1967) and Masuda and Wada (1966) indicate that 

although protein synthesis is required for auxin-induced 

wall-loosening, this is not necessarily coupled with 

RNA synthesis, and that the RNA synthesis may be required 

for other growth processes. 

Proteins may act as enzymes affecting cell walls. 

They also act as stiffening agents in extended walls 

and are involved in polysac'charide metabolism", 

Control of plant growth through control of nucleic 

acid and protein synthesis is alsoknown~ Giberellin 

is known to affect enzyme formation, possibly by; 

stimulating the formation of specific messenger RNA 

(Varner 1964, Chrispeels and Varner 1967)~ Cytokinins 

appear to form an integral part of certain transfer 

nucleic acids and possibly thereby regulate division· 

and growth of cells, and even the inhibitory hormone 
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ethylene promotes nucleic acid and protein synthesis 

(Abeles and Holm 1966)0 

From the above information it can be seen that 

hormonal control of plant growth is intimately concerned 

with the nucleolar functions - protein synthesis and 

RNA synthesis .. Any increased growth processes, such as , . 

those responsible for cecidogenesis, would be reflected 

in a corresponding increase in nucleolar activity, with 

presumably a concomitant increase in nucleolar size. 

This hypothesis explains the enlarged nucleoli found in 

cells of Hypochaeris exposed to the influences of the 

cecidozoan, Phanaci§.. For reasons given previously, 

these influences are probably secretions of an auxinic 

nature .. IAA has a profound initial effect on nucleoli 

of tobacco pith cells in culture$ Excessive enlargement 

appears to be definitely related to the presence of auxin 

(Gifford and Nitsch 1969}c 

Little work has been attempted on nucleic acids of 

galls. Taylor (1949) showed that ribonucleic acid is 

present in increased quantities in nutritive cells of 

galls on Jiepeta hederacea" but considered it to be 

mostly in the cytoplasm and not in the enlarged nucleoli o 

,Meyer (1950) compared nucleolar sizes of normal and galled 

tissues of a number of plants and found the latter to be 

two or more times the size of the former.. He found an 
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accumulatdon of RNA. in galled tissues. 

Woll (1953) induced large nucleoli in Vicia faba growing 

in RNA solution. Turian (1958) agreed with Woll on the 

increase of RNA and the intense proteogenesis present. 

An a'ttempt was made to demonstrate the presence of two 

distinct ribonucleoproteins in the enlarged interphase 

nucleoli of HIPochae£~~. These are metachromatically 

distinct in their reactions to a ~oluidine-blue - molybdate 

staining method (Chouinard 1964) (See appendix for method). 

Inconclusive results were obtained. The nucleolar matrix 

stained a bluish green, indicative of a ribonucleoprotein 

(Chouinard 1964)~ but the nucleolar vacuole, instead of 

appearing the bright purple indicative of the other 

nucleoprotein~ showed only a pale blue-grey coloration 

which could be accounted for by the staining of the 

matrix above and below itG No attempt was made to extract 

. RNA. with ribonuclease and information since received 

(Johnson and Jones 1967J casts doubt on Chouinard's 

method when Hellyts fixative is used. 
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5 .. 16 DEDIFFERENTIATION OF TISSUES 

One of the most interesting aspects of gall morphogenesis 

is the dedifferentiation of certain tissues.. Features 

eharacteristic of the cells of mature tissues may be partly 

lost~ and the cells revert to a meristematic form 

reminiscent of their immature stages. 

This condition has been reported for almost every 

type of living plant cell, but the effect is most pro

nounced in parenchymatous tissues, sueh as pith, cortex 

and mesophyll, and least in epidermal and lignified tissues. 

However, even these latter types are known to become 

meristematie, e.g. mites attacking leaf epidermal cells. 

The mechanism involved in this reversion is not known, 

but presumab,ly involves a redistribution of the kinds and 

quantities of hormones present.. Some of the effects of 

plant hormones on the nueleu!3 have been mentioned previously 

including their involvement with nucleie acids~ It is now 

generally understood that all live eells eontain the 

complete complement of DNA that is characteristic for the 

individualo All the genes are present, but only a fraction 

are active at any times Differences in cells with the 

same set of genes would result from variations in the 

amount of genetic activity (Sonneborn.1964) .. It is 

possible this masking or unmasking of genes could result 

in the reversion of a cell to the more juvenile condition 
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found in some gall tissues. This 'turning on and off' of 

genes may be the result of covering and uncovering of 

DNA by nucleohistones (Bonner and Ts'O 1964) controlled 

by varying hormonal concentrations. 

The relationship between Hypochaeris and Phanacis 

provides an interesting example of the modification of 

a host's gene expression J even though indirectlYJ by the 

foreign gene system of a parasite .. , , , 
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5 .. 17 HYPE RPLA,SY 

In the simplest types of galls hyperplasy results in 

the formation of amorphous masses of parenchyma only .. 

This is the situation found in galls caused by Bacteria, 

Fungi, and Nematodes. In galls of more complex structure, 

such as those induced by Cynipids, those cells which have 

resumed a meristematic form almost always divide and 

differentiate to produce specialized gall tissues 

such as nutritive and sclerified layers, and may pro-

duce a wide variety of other tissues depending on the 

particular species involved o 

Maresquelle and Meyer (1965) consider only hyperR 

plasy resulting in new structures to be truly 

morphogenetic, and that hyperplasic changes involving 

merely a dedifferentiation of tissues as a preliminary 

to the formation of nutritive layers are not necessarily 

so .. 

Cosens (1912) and Cosens and Sinclair (1916) 

advanced the hypothesis that the peculiar gall tissues 

or organs resulting from hyperplasy were due to the 

awakening of dormant characters in the protoplasms 

They brought forward evidence for some of these tissues' 

being present in ancestral forms, vestigial structures, 

etc o , and came to the conclusion that there remains no . 

authentic instance of any organ or tissue in a gall 
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that is new, ontogenetically or phylogenetically, to.the 
i 

host. They ignored the presence of special nutritive 

and sclerified tissues which are new tissues, and in the 

case of the former, unique to galls. 

The modern viewpoint is to consider any departure 

from the normal course of development, caused by an 

associated organism, to be an aspect of gall morpho-

genesis (Philipson'19641 .. 

'The physiological cause of hyperplasy in galls is 

not known but a possible explanation lies in the effects 

ofcytokinins .. As mentioned earlier these are ubiquitous 

in plants and their proportions could be increased by 

the presence of the cecidozoan, or their effects enhanced 

by increased auxin levels due to the same cause. 

Murashige and Skoog (1962) found auxin greatly increased 

cytokinin effects and resulted in greatly increased tissue 

growth.. The main effect of cytokinins would be to cause 

an abnormal number of cell divisions .. 

Dedifferentiation and Hyperplasy in Hypochaeris radicata 

Like other aspects of its morphology, the degree of 

dedifferentiation and hyperplasy shown by Hypochaeris 

varies greatly from gall to gall.. In many galls a visual 

examination provides no evidence of dedifferentiation, 

the cells apparently remaining highly vacuolate pith 

parenchyma.. Galls of this kind also show no obvious 

evidence of division, such as recently formed cross walls. 
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However, cell counts across the diameter of the pith 

always show an increase in the number of cells with age, 

for at least the first month of the gall~ existence. 

(See Fig G6 ). The average number of pith cells lying 

across the diameter of the gall doubled during the period 

of growth. 

Houard (1903) describes the cells lying between the 

insect and the vascular bundles of young galls as elongat

ing radially and dividing several times vertically to 

produce groups of cells which are, because of their shape 

and size, obviously derived from individual cells of the 

original parenchyma. A condition similar to that 

described by Houard is found in a small number of the 

galls sectioned. In these galls, such as the seven day 

old example illustrated in Plate 4.18numerous divisions 

of cells are visible, but unlike the example described 

by Houard, elongation takes place periclinally and the 

dividing walls form anticlinally in most cases. These 

cells also show the denser cytoplasm characteristic of 

the dedifferentiated meristematic tissue to be found 

surrounding the egg cavity. The newly formed cell walls 

resulting from hyperplasy are delicate and straight 

compared with the thicker curved walls of the original 

isodiametric pith cells (Plate .4.19}. Nuclei with 

large nucleoli are prominent. 



146 

Although examples such as that just described give 

a very clear picture of hyperplasy in Hypochaeris galls, 

they are extreme cases o The majority of galls have 

characteristics lying somewhere between the two types 

described q Newly formed cell walls can be found in 

scattered cells, but hypertrophy progressing concurrently 

and causing the newly formed cells to assume an isodiamet

ric configuration tends to mask the hyperplasy to a large 

extent .. 

The gall induced by Aulax glechomae, described by Taylor 

(1949) and Fourcroy and Braun (1967), shows the same 

pattern of division where only a limited meristematic 

area occurs between the larval cavities and outer 

parenchyma layers, with periclinal divisions frequent 

in 1 ... 4mm galls" 

The new pith cells resulting from division in the 

region between the vascular tissue and the insect 

redifferentiate into the nutritive and sclerified 

layerso 

Maresquelle (1935) thinks that the differentiation 

and limited division encountered in some galls should 

only be considered as a tendency necessary for the 

differentiation of the nutritive layer and not as a 

phenomenon necessary for the proliferation of the gall. 

This interpretation could be applied to the gall of 

Hypochaeris radicata, where, compared with many 
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Cynipid galls, the amount of new tissue formed by prolif

eration is very small o The writer, however, can see no 

valid reason for distinguishing between such limited 

division and delimitation of tissues, and the more 

spectacular forms of proliferation encountered in other 

galls. The difference is merely one of quantity, not 

quality.,. 

Other tissues besides the pith are sometimes affected 

and go through a similar cycle of dedifferentiation -

division - redifferentiation, and possibly hypertrophy. 

The xylem parenchyma shown in Plate 4.23 exemplifies this, 

and in this case has caused considerable displacement of 

the xylem points. A similar proliferation of xylem 

parenchyma is figured by Beck (1954J .. 



148 

5.18 THE NUTRITIVE AND SCLERI~IED LAYERS o 

The maturation of cells resulting from proliferation 

of the parenchyma surrounding the larva results in the 

formation of two concentric zones of tissues in Cynipid 

galls (Hough 1953, Houard 1903, Kostoff and Kendall 

1929, Shively 1939). Although this arrangement is said 

to be characteristic of Cynipid galls, similar zones are 

found in Cecidomyiid galls (Mazelauskas 1956, Loux and 

Meyer 1967) and in Lepidopterous galls (Blum 1952, Beck 

1954) 0 In Cecidomyiid and Lepidopterous galls the 

nutritive tissue differs in showing little cytological 

difference from normal parenchyma. 

The Sclerified Tissues 

The outer zone of the two is the sc1erified layer, 

also known as the larval capsule and as the protective 

layero The term 'protective layer' was used extensively 

in early descriptions on th~ assumption that it either 

protected the insect from external ·influe:nces or protected 

the plant from internal influences produced by the· insect. 

Kostoff and Kendall (1929) objected to this teleological 

explanation and considered it to be a product of the plant 

reaction when the interaction between foreign substances 

and the plant protective substances takes place. 

Fourcroy and Braun (1967) give an excellent analysis 

of the origin and functions of the sc1erified layer in a 

Cynipid caused gall of G1echoma hederacea. The HIPochaer~ 
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gall resembles this gall closely in appearance. Fourcroy 

and Braun ascribe several diverse functionsto the scleri

fied layer of this gall. In the younger stages of its 

development, while it is still actively living and before 

sclerification has set in, it is a region of accumulation 

for reserve nutriments, mainly carbohydrates, which may be 

drawn on by the nutritive layer. Unlike Hypochaeris galls, 

that of Glechom~ shows numerous starch granules. As 

mentioned earlier some galls accumulate food reserves as 

lipids or lipoproteins~ Hypochaeris appears to belong to 

this group as copious oil globules show up with Sudan IV 

stain. Other polysaccharides which do not stain with iodine 

may be present in Hypochae~!§G 

Like Turian (1958), Fourcroy and Braun found evidence 

of intense acid phosphatase activity in this zone o 

Another of the main functions of this layer (Fourcroy 

and Braun) is its role as a transfusion tissue, capable 

of transporting all oxygen, water and nutriments required 

to the region of the larva~ The term conducting tissue is 

decried on the grounds that there are no conducting vessels, 

etc, and that conduction of water, etc, is by diffusion 

through elongated files of cells. These elongate cell~ 

appear to be identical with Houard l s 'cellules d 1 irrigationf 

which are not a consistent feature of Hypochaeris galls. 

The transfer of materials across cells, preventing,the 

isolation of the region of ' the parasite, is the main role 
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of this tissue in younger galls. 

It also serves as a reservoir of water (Garrigues 1951) 

and as an insulation against exterior conditions. 

Lignification in both Glechoma and Hypochaeris does not 

set in until the cells appear almos~ devoid of living 

contents 0 Lignin production is favoured by the high 

peroxidase levels found in senescent tissues (Siegel 1955). 

At this time, when the insect ceases to feed and enters 

diapause, a deposit of lignin forms over the cell walls 

and the sclerified layer now forms a protective capsule 

surrounding the insect~ 

Senescence of these cells progresses rapidly as the 

thickening of the walls proceeds and death of the tissue 

inevitably occurs within a short time e 

The Nutritive, Tissue 

The inner region of the tissue resulting from prolifer

ation of the pith differentiates into the nutritive tissueG 

This is a tissue unique to cecidia. Superficially its cells 

may show resumblances to meristematic cells, but divisions 

are so infrequent that they are stated not to occur at allG 

A few cells bordering the larval cavity in Hypochaeris galls 

have what appear to be recently formed walls. There are 

numerous divisions of cells bordering the larval cavity 

before differentiation occurs" Fourcroy and Braun (1967) 

figure similar division in Glecho~G 

This is unlike the situation reported for many galls 
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(Kostoff and Kendall 1929) where divisions are inhibited 

in close proximity to the larva and occur only some 

distance away. 

The appearance and formation of nutritive cells 

has been described (See Chapter 4). It is of the type 

described by Meyer. (1951-52-541 which is characterized 

by cytological differences, especially rich cytoplasm 

and abundant chondriome e This type of nutritive tissue 

may show continuous development from undifferentiated 

cells e Such a developmental sequence is shown for 

HYEochaeris in the descriptive section. Meyer (1954) 

describing the nutritive tissue of ~~oterus quercus

baccarum saw a progressive degeneration and swelling of 

the chondriome, followed by the appearance in the 

cytoplasm and then in the vacuoles of large quantities of 

lipids. This swelling of the chondriome could explain 

the reduction in volume of the vacuole which was seen 

in HYEochaeris .. As was described previously, the vacuoles 

of nutritive cells of Hypochaeris are obliterated in the 

innermost layers, and their place is taken by smaller 

lipid-containing vacuoles G These appear to have formed 

by the coalescence of the numerous lipid-droplets 

resulting, according to Meyer (1954), from an oily 

degeneration or a lipid release by the chondriome., 

Because of technical difficulties yet to be solved 

in embedding and fixation the electron micrographs 
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obtained of H~pochaeris galls are not of sufficiently 

good quality to provide much additional information. 

Micrographs obtained so far confirm the presence of 

numerous tiny lipid droplets, some of which are fusing, 

but do not show the site of their origin. This phenomenon 

of degeneration and lipid production has been reported in 

necrotic cells (Guilliermond 1917 quoted in Meyer 1954). 

Meyer (1954) also points out that in galls of the 

Cynipid Neuroterus guercu~~baccar~ the production of 

a nutritive tissue results from a 'lipophanerosis! 

which is a phenomenon associated with necrosis. Similar 

phenomena may occur in Hypochaeris where the inner layer 

of cells bordering the larval cavity is continually 

subjected to damage capable of causing necrotic changes, 

by the feeding of the insect e 

The nutritive tissue of Cynipid galls is known to be 

rich in soluble aminoacids(Bronner and Meyer 1968) .. 

This may be partly attributed to the proteolytic nature 

of the larval secretionso 

The enormous size of the nucleus and nucleolus found 

in the nutritive tissue of Hypochaeris galls has already 

been described. Similar nuclear gigantism is described 

by Hough (1953) and Meyer (1954) for oak galls. This 

hypertrophy is indicative of the intense activity taking 

place in the cells. Most of the activity is presumed to 



153 

be catabolic and to result in the production of ~minoacids" 

sugars and lipids. This activity would also account for 

the increased RNA observed by Taylor (1949) in nutritive 

tissues of a Qlecho~ gall. 

Although nutritive cells do not divide or develop 

any further once they reach maturity, they are not 

senescent in the usual sense of the term" as they have 

very large nuclei and nucleoli, neglible vacuole and a 

rich cytoplasm of high metabolic activit Yo As they 

represent the culmination of maturation by this type 

of tissue and would probably become necrotic unless 

consumed by the insect~'they can be thought of as 

senescent in a special sense. 

Compared with the nutritive tissue of mite and 

appid galls that of Hypochaeris is very slow to form. 

This reflects the slow development of Phanacis within 

the gall to a feeding stage, compared with that of 

aphids and other sucking insects which reach a similar 

phase of their life cycle very much sooner G 
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CECIDOGENIC GRADIENTS AND FIELDS 

Developmental pa-t.terns of the HYRochaeris gall could 

be accounted for on the basis of field theoryo 

The concept of a morphogenetic field relates ·to a 

complex topological situation, but writers on gall 

morphogenesis have chiefly concerned themselves with a 

single geometrical aspect of field theory - namely 

that of concentration gradient. 

It was Houard (1903) who introduced the notion of 

Urayon d'activite cecidogenetique lt which was elaborated 

as the ucecidogenic gradient tt by Garrigues at the 8th 

International Botanical'Congress (Garrigues 1954). 

In the discussion which followed Garrigues' paper, 

Bloch is reported to have considered it an over 

simplification of the multifactorial nature of 

organization to single out one factor such as a 

growth substance. 

According to Waddington the concept of umorphogenetic 

fieldu is one which is most appropriate when applied to 

multidimensional systems (Waddington 1966)~ To attempt 

to reduce it to 3 or 4 dimensions, plus one field 

variable, would be a drastic simplification, which may 

be justifiable for certain purposes 3 but should always 

be applied with great caution. 

The concept of a cecidogenic gradient or field has 

not been invoked for the gall of Hypochaerisl since at 
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this stage it would permit no useful predictions. A 

systematic analysis of biochemical factors might prove 

more fruitful though not necessarily conclusive. 

Until it known what foreign or additional chemicals 

are introduced by the ovipositor or the egg or larva, 

it seems at the moment premature to evaluate gradients 

as an aspect of gall formation in Hypochaeris radicata. 
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5.20 THE CLASSIFICATION OF THE GALL 

Earlier, it was mentioned that gall classification 

was considered to be of only minor importance. 

However, for the sake of completeness the position of 

~£paeris galls in the system accepted today is as 

follows. 

The development of specialized tissues places it 

in Kuster's (1930) prosoplasmatic galls, and its 

position away from a growing tip in Thomas's (1877) 

pleurocecidia. Houard (1903) added cauline to the 

latter so it is now known as an example of a 

prosoplasmatic cauline pleurocecidium. 
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SUMMARY 

A Under natural conditions, oviposition by the gall 

wasp Phanacis hxpochoerid~s Kief. occurs in Canterbury, 

New Zealand, from mid October to early December. Eggs 

are deposited in the pith of the inflorescence of 

HYQochaer~radicata L. giving rise to a green spindle 

shaped gall which may contain up to 30 larvae. By 

March or April most galls have become grey and moribund 

while the quiescent insect remains in a prepupal state. 

The main purpose of this investigation was to 

follow the sequence of anatomical changes in the host 

during gall formation. To obtain sufficient control 

over the phenomenon, mature plants were transplanted to 

the glasshouse "and laboratory and grown for two to 

three months prior to experimental treatment~ A supply 

of wasps was ensured by collecting dry galls in advance 

(in the late winter and early spring) and keeping them 

in plastic bags until inflorescences appeared on the 

experimental plants. 

When the wasps emerged from the dry galls in the 

laboratory selected numbers were enclosed with individual 

HYQochaeris inflorescences in glass vials. 

After oviposition was observed to occur inside the 

vials, inflorescences were fixed for sectioning at 

three-hourly intervals up to one day and at daily 

intervals to ten days. Subsequent fixation was at 
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approximately fortnightly intervals .. 

The outstanding anatomical feature of gall formation 

in Hypochaeris is increase in size of the pith. 

Statistical analysis based on a representative sample 

of some 12,000 sections of galls from the fixation 

series 1 hour to six weeks indicates 

(a) a diameter increase of pith cells continuing 

throughout this period, although at a declining rate, 

from an average of 32 microns to 86 microns .. 

(b) an increase in the number of cells across the diameter 

of the pith from an average of 23 to 45 in mature 

galls" 

The pith of ungalled stems breaks down early in 

development, but the pith of the galled inflorescence 

does not exhibit breakdown in the early stages of 

growth 0 This delay of senescence enables the cells 

to respond to the cecidogenic influences and produce 

gall tissues .. 

Development of the gall begins before the eggs 

hatch, but two features of histogenesis, which seem to 

be dependant on the activity of the larva, are the 

formation of nutritive tissue, and of sclerenchyma in 

the vicinity of larval cavities o 

B The nutritive tissue surrounding the larval cavity 

is characterized by greatly enlarged nuclei and a 

dense cytoplasm rich in lipids. 
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Late in the development of the gall as the last of 

the nutritive tissue is consumed, a zone of sclerified 

cells forms surrounding the larval cavity. 

It is early in the ontogeny of the gall, before the 

formation of the nutritive and sclerified tissues, that 

the hypertrophy and hyperplasy of the pith occurs. 

Other tissues respond to a lesser extent. After en

largement the pith cells become very highly vacuolate. 

Evidence of senescence, such as degenerate plastids, 

revealed by electron microscopy. 

Nuclei of gall cells are always enlarged to some 

extent compared with those of normal cells, reaching 

twelve microns in diameter while normal nuclei rarely 

exceed five microns. A corresponding increase in the 

size of the nucleoli occursa This enlargement may be 

due to an increased synthesis of RNA and protein. 

Anatomical changes of other tissues in response to 

cecidogenic influences are'not as frequent or consistentq 

ly regular as in the pith. 

Most vascular bundles enlarge only slightly but in a 

small proportion even within the Same gall one or more 

of their differentiating tissues may be more strongly 

affected 41 

Similar localized enlargements occur in the 

parenchyma adjacent to the vascular bundles and in the 

cortex", 

Laticifers increase in numbers and are often dis

placed .. 
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Co11enchymatous tissues respond to some extent until 

their walls become thickened. 

As well as an increase in thickness of the epidermal 

cells, there is considerable radial expansion compensated 

for by a decrease in length. 

In most galled inflorescences, capitula develop 

normally although their peduncles often fail to elongatea 

In severe cases of inhibition the flowers fail to mature. 

The habits and development of the causative insect 

were followed particularly with reference to the process 

of gall formationo As no males were found among the 

hundreds examined, the insect is presumed to be 

parthenogenetic~ A Chalcid inquiline inhabiting the 

galls has no obvious effects on the development of 

either the gall or the cecidozoan o 

c. Finally the problem of growth factors and morpho-

genetic processes in the gall of Hypochaeris 

radicata has been discussed from several points of view .. 

It is concluded that there is a need for further studies 

of a physiological and biochemical nature concerning 

possible growth stimuli in the fluid of the ovipositor, 

in the developing egg and in the larval secretions of 

Phanacis hypochoeridise 
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MAGNIFICATIONS OF PLA~ 

After photographic enlargement J on micrographs of 

80 magnifications 1 cm on the print :::: 104.1 microns 

100 magnifications 1 cm on the print ::: 83.3 microns 

400 magnifications 1 cm on the print ... 20.2 microns 

1000 magnifications 1 cm on the print ::: 8.3 microns 

On colour prints of 

100 magnifications 1 cm on the print :: 100 microns 

400 magnifications 1 cm on the print - 25 microns 

1000 magnifications; 1 cm on the print ... 10 microns 
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PHOTOGRAPHY 

all photographs (with the exception of plates 3.1, 

4.42 and 4.43) were taken by the author. 

General views of the plant and galls were photo

graphed with an Asahi Pentax 35 rom single lens reflex 

camera with a 55 mm. lens on Ilford FP3 film .. 

For micrographs a Leica MI 35 rom .. camera with a 

Leitz reflex microscope adaptor was used on a Watson 

Bactil Microscope. Ilford Pan F was the film. 

Pictures of the egg in situ, the developing larvae, 

and the emerging insect, were taken with the same camera 

through a Neoptera stereoscopic microscope& 

Plates 4 .. 42 and 4.43 are electron micrographs taken 

in the Hitachi HS7 microscopeG 

A combination of a Luminar lens and a Nikon 35 rom. 

S9LoR. camera was used by Mr .. Frank MacGregor for 

Plate 3 .. 1" 

All plates and graphs were printed by Mr.F .. MacGregor. 
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METHODS AND MATERIALS FOR MICROSCOPY 

Fixation. Unless otherwise stated all material was fixed 

in Formalin-aceto-alcohol (90 parts of 70% 

ethyl alcohol, S parts acetic acid, S parts 40% 

formaldehyde solution) for 24 hours or longer. 

Older pith containing air was evacuated carefully 

up to 60 mm.Hg .. 

Dehydration .. Dehydration was carried out using Johansents 

(1940) tertiary butyl alcohol series, 

SO% - 1 hr 
70% overnight 
8S% 1 hr 
9S% 1 hr 
100% - 1 hr 

followed by three changes of 100% tert .. butyl 

Infiltration .. Infiltration was progressive, first through 

Sectioni;qg,L 

a mixture of SO/SO T.B.A. and liquid paraffin 

at 40oC. for one day, and then through three 

changes of pure paraffin wax (Gurr's S4°C. M.P.) 

at 70oC. for one day each. 

The embedded material was sectioned at 12 

microns on a Jung rotary microtome and the 

ribbons attached to the slides with Hauptts 

gelatine adhesive. 
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Sections were stained in safranin-fast green 

1. Xylol 

using the following schedule. 

5 min .. ) dewax 5 min .. ) 2. Xylol 

3 e' absolute alcohol 
4. 95% alcohol 

1 min.) 
1 min.) hydration 
1 min.) 5,,· 80% alcohol 

6 .. 70% alcohol 

7. Safranin in 

8.. Water rinse 
9 .. 70% alcohol 

10 .. 80% alcohol 
11" 95% alcohol 

1 min.) 

60% alcohol appro x .. '4 hours 1st stain 

5 sec.) 
5 sec,,) dehydration 
5 sec .. } 
5 sec.) 

12. Fast green in absol o alcohol 3 min,,) 2nd stain 

13 .. absolute alcohol 5 sec.) 
14 .. absolute alcohol 5 sec,,) dehydration 
15 .. absolute alcohol 5 sec.) 

16 .. Xylol 
17 .. Xylol 

5 min.) 
5 min .. } clearing 

Coverslips were cemented with Depex" 
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NUCLEOLUS STAIN Chouinard Techniqu~ 

Fix for 1Z 
made up as 

hours in freshly prepared Helly's solution, 
follows: 

Dist o HZO 
Hg CIZ 
KZCrz07 
NaZS04 

100 ml" 
5 gill 

z .. 5 gm 
1 gill 

Formalin 10 Illl of a 37% sol .. neutralized with 
CaC03 

Wash lZ hours in r,l.inning water .. 

Dehydrate in ethanol as fast as possible, clear in xylol 

and embed in paraffin. 

Section 5 microns 

Stain toluidine blue ° :- . dilute 1% stock solution 

with McIlvaines buffer pH 3 .. to 0,,1%. 

Method. Deparaffinize sections in xylol 

Toabs .. alc.. to 90% alcohol -7 

To 1% Iodine in 80% alc.. 5 minutes 

n. Rinse in tap water 

tt 

5% aqueous sodium thiosulphate 5 minutes 

Rinse dist .. HZO 

Van Slyk~s reagent 5 minutes 

Rinse dist" H20 

0 0 1% toluidine blue pH3 as above Z hours 

it Rinse dist .. water 

5% Ammonium molybdate 30 minutes 
til Dist" H2 0 10 secs 
til Dehydrate in TBA series rapidly to xylol and·mount,. 

This method is described by Chouinard (1964). 
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SAMPLE SIZES 

The numbers of galls studied at each age are as follows: 

1-6 hours 16 

7-12 hours 9 

13-18 hours 18 

19-24 hours 22 

1 day 13 

2 days 13 

3 days 10 

4 days 10 

5 days 5 

6 days 12 

7 days 12 

8 days 6 

15 days 7 

4 weeks 6 

5 weeks 5 

6 weeks 6 

12 weeks 6 

In Tables A, Band C each horizontal line of figures. 

is based on the separate measurements derived from 

the particular gall involved and not from the pooling 

of all the galls used in the sample. 

In Tables D, E, F and H each horizontal line, and in 

Tables K and L each column, represents calculations 

made from all the galls of the stated ages. 



TABLE A PITH 

1 6 hour Gall 

No .. of Average 
Cells in cell 
5 eyepiece diameter 
units .. in 

microns 
(:: x) 

18 27 .. 8 
13 3'8 .. 5 
12 4107 
19 26 0 3 
16(in4) 25 .. 0 
17 29 .. 4 
16 31 .. 3 
15 33,,3 
15 33.3 
13 38 .. 5 
19 26.3 
16 31..3 
17 29 .. 4 
14 35 .. 7 
17 29 .. 4 
17 29 .. 4 

Average cell diameter 

::::: 31 .. 7 microns 

x 2 

773 
1483 
1739 

692 
625 
864 
980 

1109 
1109 
1483 

692 
980 
864 

1275 
864 
864 

"Magnification ~ 10x10x1 .. 5 
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CELLS (IN FIRST 24 HOURS) 

7 12 hour Gall 

No .. of Average 
Cells in ceJ1 x 2 
5 eye- diameter· 
piece in mic-
units .. rons 

( ... x) 

12(in4) 33.3 1109 
16 31 .. 3 980 
16 31.3 980 
15 33.3 1109 

10(in3) 30 .. 0 900 
14 35 .. 7 1275 
16 31 .. 3 980 
16 31 .. 3 980 
15 33 .. 3 1109 

Average cell diameter 

II:! 32,,3 microns 

One eyepiece unit ::::: 100 microns 

(Ocular x objective x tube length) 
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TABLE A PITH CELLS (IN FIRST 24 HOURS} 

13 18 hour Gall 

No ... of Average 
Cells in cell 
5 eyepiece diameter 
units + in 

14 
14 
17 
16 
15 
17 
15 
17 
17 
17 
13 
10(in3} 
16 
15 
14 
15 
16 
17 

microns 
(= x) 

35.7 
35 .. 7 
29 .. 4 
31 03 
33 .. 3 
29 .. 4 
33 .. 3 
29 .. 4 
29.4 
29.4 
38 .. 5 
30 0 0 
31.3 
33 .. 3 
35.,7 
33 .. 3 
31,,3 
29.4 

:£.x = 579d 

:(x2 :: 18768 

Average cell diameter 

::.::I 32 .. 2 microns 

1275 
1275 

864 
980 

1109 
864 

1109 
864 
864 
864 

1483 
900 
980 

1109 
1275 
1109 

980 
864 

+ Magnification = 10x10x1 .. 5 

++ Magnification ~ 10x8x1.5 

19 ... 24 hour Gall 

No .. of Average 
Cells in cell 
5 eye- diameter 
piece in 
units + microns 

(= x) 

15 33.3 1109 
15 .33 .. 3 1109 
13 38 .. 5 1483 
14 35.7 1275 
12 41 .. 7 1739 
14 35.7 1275 
16 3183 980 
13 38.5 1483 
13 38 0 5 1483 

++ ~--------------~--~~---32 .. 9 2 
16 
18 
18 
19 
19 
17 
18 
17 
16 
17 
15 
17 

39.1 1529 
34 .. 7 1204 
34 .. 7 1204 
32 .. 9 1082 
32 .. 9 1082 
36.8 1354 
34 .. 7 1204 
36 .. 8 1354 
39 .. 1 1529 
36 0 8 1354 
41 .. 7 1739 
36.8 1·354 

£.X £:I 796 .. 4 

~x2 IOiJ 29007 

Average cell diameter 
:: 36.,2 microns 

One eyepiece unit • 100 microns 

One eyepiece unit = 125 microns 



TABLE B 

1 - 4 hour Gall 

Stem diameter 
in microns 

1380 
1690 
1380 
1350 
1430 
1830 
1330 
1130 
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prrH CELLS 

1 da;£: 

No .. of cells Average 
in 5 eye ... cell 
piece units diameter 
++ in 

microns 
( ... x) 

19 32,,9 
16 39,,1 
18 34 .. 7 
18 34 .. 7 
19 32 .. 9 
19 32.9 
17 36 .. 8 
18 34 .. 7 
17 36 .. 8 
16 39 .. 1 
17 36.8 
15 41 .. 7 
17 36 .. 8 

{.x :: 469 .. 9 

:E:x2 :: 17071 

Gall 

i' 

x 2 

1082 
1529 
1204 
1204 
1082 
1082 
1354 
1204 
1354 
1529 
1354 
1739 
1354 

Average cell diameter 
= 36 .. 15 microns 

Stem 
diameter 
in 
microns 

1430 
1330 
1910 
1330 
1050 

1530 
1450 
1810 
1660 
1390 
1900 
1530 

Average stem diameter 
• 1440 microns 

Average stem diameter • 1527 microns 

++ Magnification. 10x8xl .. 5 One eyepiece unit ;.'I 125 microns 



TABLE B PITH CELLS 

2 day Gall 

No .. of cells 
in 5 
eyepiece 
units ++ 

16 
18 
16 
18 
16 
20 
14 
16 
21 

.18 
16 
17 
14 

Average 
cell 
diameter 
in microns 
(= x) 

39 ... 1 
34 .. 7 
39 .. 1 
34 .. 7 
39 .. 1 
31..3 
44 .. 6 
39 .. 1 
29 .. 8 
34 .. 7 
39 .. 1 
36 .. 8 
44 .. 6 

:£x IIi!I 486 .. 7 

£x2 ::1 18457 

1529 
1204 
1529 
1204 
1529 

980 
1989 
1529 

888 
1204 
1529 
1354 
1989 
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Average cell diameterlli!l37,,44 microns 

Average stem diameter = 1470 microns 

Stem 
. diameter 
in microns 

2060 
1410 
1290 
1250 
1440 
1600 
1560 
1800 
1060 
1130 
1400 
1660 
1510 

++ Magnification = 10x8x1 .. 5 One eyepiece unit 
:: 125 microns· 



TABLE B 

3 day Gall 

No .. of cells 
in 5 
eyepiece 
units ++ 

15 
15 
17 
16 
18 
13 
15 
12 
13 
14 

~x::: 428 .. 6 

£x 2 = 18635 

l08 

PITH CELLS 

Average 
cell 

x 2 diameter 
in microns 
(= x) 

41.7 1739 
41 .. 7 1739 
36 .. 8 1354 
39 .. 1 1529 
34 .. 7 1204 
48 .. 1 2314 
4107 1739 
52.1 . 2714 
48 .. 1 2314 
44 .. 6 1989 

Average cell diameter::: 42.86 microns 

Average stem diameter = 2119.0 microns 

Stem 
diameter 
in microns 

2130 
2000 
1530 
2060 
2500 
2440 
2650 
1830 
1560 
2490 

++ Magnification - 10x8xl o 5 One eyepiece unit 
.. 125 microns 



TABLE B 

4: day·Ga11 

No" of cells 
in 5 
eyepiece 
units ++ 

12 
12 
11 
14 
12 
11 
11 
14 
14 
13 

.f..X = 508'6 

~x2 ;;; 26101 

PITH CELLS 

Average 
cell 
diameter 
in microns 
(:2 x) 

52,,1 
52.1 
56 .. 8 
44 .. 6 
52,,1 
56 .. 8 
56.8 
44 .. 6 
44.6 
48,,1 

2714 
2714 
3226 
1989 
2714 
3226 
3226 
1989 
1989 
2314 
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Average cell diameter = 50Q86 microns 

Average stem diameter = 2483 

Stem 
diameter 
in microns 

2630 
2000 
2600 
2750 
3310 
3000 
2250 
2280 
1700 
2310 

++ Magnification = 10x8x1.5 One eyepiece unit 
=125 microns 



TABLE B 

5 day Gall 

No" of cells 
in 5 
eyepiece 
units ++ 

10 
8 
10 
10 
10 
13 
10 
10 
11 
12 

£x:: 610a 

;£ x 2 ::: 37790 
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PITH CELLS 

Average . Stem 
cell x 2 dl.ameter 

diameter in microns 

in microns 
(= x) 

62.5 3906 2980 
78 .. 1 6100 3250 
62 .. 5 3906 2510 

. 62 .. 5 3906 3940 
62.5 3906 3030 
48 .. 1 2314 1810 
6205 3906 1880 
62 .• 5 3906 3130 
56 .. 8 3226 2330 
52 .. 1 . 2714 2730 

Average cell diameter::: .61 0 01 microns 

Average stem diameter = 2759 

++ Magnification = 10x8x1.5 One eyepiece unit 
" 125 microns 



211 

TABLE B :PITH CELLS 

6 day Gall 

No .. of cells Average 
in 5 cell 
eyepiece diameter 
units ++ in microns 

(= xl 

12 52 .. 1 
9 69 .. 4 
10 62 .. 5 
8 78.1 
9 69 .. 4 
11 56 .. 8 
10 62 .. 5 
8 78 .. 1 
9 69 .. 4 
11 56 .. 8 
7 89 .. 3 
9 69 .. 4 

x ; 813,8 

£x2
11:11 56417 

Average cell diameter 

Average stem diameter 

x 2 

2714 
4816 
3906 
6100 
4816 
3226 
3906 
6100 
4816 
3226 
7975 
4816 

- 67 .. 8 microns ... 

= 2580 microns 

Stem 
diameter 
in microns 

2890 
2940 
2750 
2190 
2700 
3310 
1780 
2810 
3510 
1580 
2250 
2250 

++ Magnification • 10x8xl .. 5 One eyepiece unit 
1l1li 125 microns 



TABLE B 

7 day Gall 

No. of cells 
in 5 
eyepiece 
units ++ 

8 
10 
9 
8 
9 
10 
10 
8 
7 
10 
7 
9 

x:: 871 .. 1 

x 2 ::: 64322 

PITH CELLS 

Average 
cell 

x 2 
diameter 
in microns 
(I0Il x) 

78.1 6100 
62.5 3906 
69 .. 4 4816 
78 .. 1 6100 
69 .. 4 4816 
62 .. 5 3906 
62.5 3906 
78.1 6100 
89 .. 3 7975 
62.5 3906 
89 .. 3 7975 
69 .. 4 4816 

Average cell diameter = 72 .. 6 microns 

. Average stem diameter ~ 2773 microns 
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Stem 
diameter 
in microns 

3560 
2440 
2080 
2130 
3000 
2530 
2440 
3850 
3660 
2130 
2950 
2500 

. ++ Magnification a 10x8xl .. 5 One eyepiece unit 
::::I 125 microns 



TABLE B 

8 day Ga1.1. 

No .. of cells 
in 5 
eyepiece 
units ++ 

8 
8 
9 
8 
9 
8 

£. x :: 451.2 

<x2 ~ 34032 

Average 
cell 
diameter 
in microns 
(: x) 

78 .. 1 
78 .. 1 
69 .. 4 
78.1 
69 .. 4 
78 .. 1 
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PITH CELLS 

6100 
6100 
4816 
6100 
4816 
6100 

Average cell diameter:: 75.2 microns 

Average stem diameter = 3657 microns 

Stem 
diameter 
in microns 

3240 
4630 
3750 
3510 
3330 
3480 

++ Magnification:: 10x8x1.5 One eyepiece unit 
=:: 125 microns 

, \ I 



TABI& B 

15 day Gall 

No. of cells 
in 5 
eyepiece 
units ++ 

7 
8 
7 
8 
8 
9 
8 

:( x:: 560.4 

:E: x 2 
till 45166 
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PITH CELLS 

Average 
cell 
diameter 
in microns 
(= x) 

89.3 
78 .. 1 
89 .. 3 
78.1 
78 .. 1 
6904 
78 .. 1 

7975 
6100 
7975 
6100 
6100 
4816 
6100 

Average cell diameter ~ 80.06 microns 

Average stem diameter ~ 4420 microns 

Stem 
diameter 
in microns 

3880 
5380 
3080 
4040 
5250 
5000 
4310 

++ Magnification:: 10x8x1.5 One eyepiece unit 

== 125 microns 



TABLE B 

4 week Gall 

No .. of cells 
in 5 
Eyepiece 
units ++ 

7 
8 
8 
7 
8 
7 

£. x:: 502.2 

-:(, x 2 == 42225 
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PITH CELLS 

Average 
cell 
diameter 
in microns 
(~ x) 

89 .. 3 
78 .. 1 
78 .. 1 
89 .. 3 
78 .. 1 
89 .. 3 

x 2 

7975 
6100 
6100 
7975 
6100 
7975 

Average cell diameter = 83.7 microns 

Average stem diameter = 5513 microns 

Stem 
diameter 
in microns 

6560 
4860 . 
5650 
4630 
6000 
5380 

++ Magnification = 10x8x1 .. 5 One eyepiece 
unit = 125 microns 



TABLE B 

5 week Gall 

No .. of cells 
in 5 
eyepiece 
units ++ 

7 
8 
7 
8 
6 

:I( x::: 439.0 

£x2 == 39008 

Average 
cell 
diameter 
in microns 
(I:il x) 

89.3 
78 .. 1 
89.3 
78.1 

104.2 
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PITH CELLS 

7975 
6100 
7975 
6100 

10858 

stem 
diameter 
in microns 

5100 
5950 
4450 
5380 
4730 

Average cell diameter::: 87 .. 80 microns 

Average stem diameter == 5122 microns 

++Magnification == 10x8x1 .. 5 One eyepiece 
unit !iii 1'25 microns 



.TABLE B 

6 week Gall 

No .. of cells 
in 5 
eyepiece 
units ++ 

7 
7 
6 
7 
7 
6 

£ x Il:I 565,,6 

£x2 ;: 53616 

Average 
cell 
diameter 
in microns 
(= x ) 

89 .. 3 
89 .. 3 

104 .. 2 
89 .. 3 
89 .. 3 

104.2 
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PITH CELLS 

7975 
7975 

10858 
7975 
7975 

10858 

Stem 
diameter 
in microns 

3940 
4640 
5630 
6210 
5280 
5630 

Average cell diameter:: 94927 microns 

Average stem diameter =5222 microns 

++ Magnification = 10x8x1 .. 5 One· eyepiece 
unit = 125 microns 



TABLE B 

12 week Gall 

No .. of cells Average 
in 5 cell 
eyepiece diameter 
Units ++ in microns 

.(0:: x) 

6 104 .. 2 
6 104 .. 2 
8 78.1 
7 89 .. 3 
6 104 .. 2 
7 89 .. 3 

~x = 569.3 

~ x 2 ;;: 54624 
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PITH CELLS 

2 x 

10858 
10858 

6100 
7975 

10858 
7975 

Average cell diameter. 94.88 microns 

Average stem diameter ~ 6018 microns 

Stem 
diameter 
in microns 

6260 
5500 
6460 
5700 
5980 
6210 

++ Magnification a 10x8x105 One eyepiece 
unit =125 microns 



TABLE C 

5 6 days Normal stems 

No" of Average 
cells in 3 cell 
eyepiece diameter 
units ++ in 

microns 
(. x) 

7 53 .. 6 
6 62 .. 5 
6 62 .. 5 
6.5 57.7 
7 53.6 

£ X;ll 289.9 

~x2 '= 16887 

x 2 

2873 
3906 
3906 
3329 
2873 

A~erage cell diameter 
:: 58 .. 0 microns 

219 

PITH CELLS 

3 

No" of 
cells in 
3 
eyepiece 
units ++ 

7 
6.5 
6 
7 
6 

4 weeks Normal stems 

Average 
cell 
diameter 
in 
microns 
(::; x) 

53 .. 6 
57 .. 7 
62 .. 5 
53.6 
62 .. 5 

-£. x ;: 289,9 

~x2 = 16887 

x 2 

2873 
3329 
3906 
2873 
3906 

Average cell diameter 
l1li 58,,0 microns 

++ Magnification = 10x8xl.5 One eyepiece unit 
IllII 125 microns 
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TABLED 

Limits for mean cell diame~er~f population of galls 
of various ages 

Using the figures from Tables A, Band C (cell 

diameter measurements of sample) calculations were made 

to find what range of cell diameter could be expected in 

95% of the population of galls for each age. 

The method used is that outlined in O.N. Bishop 

Statistics for Biology 1966 

Deviation of limits = ~ t~ 

Hence the best estimate of a 

population mean ~ x ~ t~n 

where x = a reading 
n ; no. of readings 

t taken from tables 
for 95% level of 
population 

where x ; sample mean 

The results of these calculations are shown on 

Graph 3u 

I . 



Age of 
Gall 

7-12 hrs 
13~18 hrs 

19~24 hps 

'2 days 

3 days 

4 days 

5 days 

6 days 

7 days 

8 days 

15 days 

4 weeks 

S lveeks 

6 weeks 

12 weeks 

Normal 
stem 
5 days -
2J days 
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(CALCULATIONS BASRD ON TABLES A, B and C) 

Average S-tanc1ard and,u'd 
cell dia- Deviation Deviation 
meter in of Mean 
microns 

31.7 4.9 1.225 

32.3 1.8 0.60 

32.2 2.8 0.66 

36.2 2.9 0.62 

37.4 4.4 1.2 

42.9 5.4 1.7 

50.9 4.8 l,S 

61.0 7116 2,5 

67.8 10.6 3.1 

72.6 9.9 2.9 
75.2 4.5 1.8 

RO.1 5.8 2.6 

83.7 3.2 2.5 

87.8 11.0 4.7 
94.3 7.7 3.1 

94.9 11.1 4.5 

58.0 1.3 

t (from 
·tables) for 
95% probab·
i1ity 

2,,13 

2.31 

2,11 

2.08 

2.18 

2.26 

2.26 

2.26 

2.20 

2.20 

2.57 
2.45 
2. 

2.78 
2.51 
'} r.'-'1 
""'" b ,J I 

2.26 

Deviation 
of Limits 

in microns 

2.6 
1.4 

1.4 

1.3 

2.6 
3.8 

3.4 
5.7 
' 0 boo 

6>f4 

4.6 
6.4 
6.4 

13.1 
H.O 

11.5 



TABLE E PITH CELLS 

COMPARISON UF MEANS 

222 

This table shows the significance of the differences 

between the mean cell diameters at various ages, calcul-

ated from the measured samples, and applied to the gall 

populations" 

The method used is that outlined in OaNG Bishop 

Statistics for Biology 1966 .. 

t is calculated 

t=J 
and then compared with 

t in the tables\> 

where x = reading 
n = no. of reading 

xl - x2 = Difference of means 

6n = as in Table D 

If the calculated t exceeds that in the table, the 

difference between the means is greater than is expected 

from two random samples drawn from a single population .. 

Therefore the samples are from two populations and their 

means are significantly different., The confidence pl,aced 

in this statement is determined by the level of signific-

ance chosen when reading the table of to 

If the calculated value of t is less than that in the 

table, the two samples may be from a single population, 

and there is no evidence to the contrary.. Their means do 

not differ significantlyo 
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TAB~E E COMP.lill.ISON OF MEANS ,f"'" 

Pith Cell Diameters 

Average Variance t t 
Sianific-Ages of cal cuI at- from 

of differ- an e galls cell ed tables 
diameter ence of for 95% in microns the means 

probab-
ility 

1-12 hrs 32 .. 0 1.02 4 .. 16 2 .. 02 Yes 19-24 hrs 36 .. 2 

1 day 36 .. 2 2 .. 07 0 .. 83 2 .. 06 No 2 days 37 .. 4 

2 days 37 .. 4 4 .. 46 2 .. 61 2 .. 08 Yes 
3 days 42.9 

3 days 42 .. 9 5,,21 3 .. 51 2,,10 Yes 4 days 50 .. 9 

4 days 50 .. 9 8 .. 03 3 .. 57 2 .. 10 Yes 5 days 61 .. 0 

5 days 61 .. 0 13 .. 99 3 .. 10 2 .. 09 Yes 7 days 72,.6 

7 days 72 .. 6 13 .. 04 2 .. 08 2.11 Sig. 
15 days 80 .. 1 at 

90% 
level 

15 days 80.1 11 .. 18 1 .. 08 2 .. 20 No 4 weeks 83 .. 7 

15 days 80 0 1 14 .. 81 3 .. 69 2.20 Yes 6 weeks 94..3 

4 weeks 83 .. 7 16 .. 37 2 .. 62 2.23 Yes 6 weeks 9493 

6 weeks 94 .. 3 30 0 20 0 .. 11 2 .. 23 No 12 weeks 94.9 
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TABLE F PITH CELLS 

Rate of_Increase of Diameter of galled Pith cells 

-------------------------------------------~------------------

Age of gall in days 

1 
2 
3 
3.5 
4 
5 
5 .. 5 
6 
7 
8 
9 
10 
15 
28 

Increas~ in 
microns per day 

2,,2 
3.0 
5 .. 5 
7 .. 5 
9 .. 5 
9 .. 5 
7 .. 00 
5 .. 5 
4 .. 0 
2.0 
1.0 
0 .. 5 
0 .. 3 
0 .. 3 



TABLE G SIZES OF PITH CELL NUCLEI 
Age of Diameter of nuclei in microns Average dia-
Gall meter ln micron~ 

5 6 .. 25 7 .. 5 8 .. 75 10 .. 00 11.25 12,,5 13 .. 75 15 .. 0 
xxxx xxxx xxxx 

4 ... 6 hrs xxxx xxxx xxx x 
6 .. 30 xxxx xxxx xxxx xxx xx 

xxxx xxxx xxxx x 
1 day xxxx xxxx xxxx 6 .. 58 xxxx xxxx xx 

xxxx xxxx xxxx xxx xx 
2 days xxx x xxxx xxxx 6,,80 xxxx xxxx x xxxx xxxx x xxx 

xxxx xxxx xxxx xxxx x xx 
3 days xxxx xxxx xxxx x 8 .. 01 xx xxxx xxx xxxx xxxx xxxx 

5 days 
xxxx xxxx xxx x xxxx x 

11.07 xxx xxxx xxxx xxx 
x xxxx 

7-8days 
x xx xxx x xxxx xxxx xx 

12 .. 40 xxxx xxxx xxx x xx xxxx xx xx-xx 
xx xxxx x 12 0 40 :x;..xxx 
xxx xxx x 12 .. 10 

tv xxxx xxx x 
5.94 

tv 
Vl 

Remaining pith senescent - No visible 

10 x 100 x 1 .. 5 .. 1 epu ~ 10 microns 

x represents a nucleus. 
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TABLE H 

NUMBERS OF CELLS ACROSS PITH DIAt'1ETER 

Age of Gall Average nwnber of Standard 
cells across pith error 
diameter 

1 - 3 hrs 23 .. 1 .6 

4 - 6 hrs 24 .. 6 1.6 

9 hrs 25 .. 3 2.2 
12 hrs 26.4 2.0 

15 hrs 24 .. 0 2.1 

18 hrs 27 .. 2 1.3 

21 hrs 27 .. 3 1.6 

1 day 29.9 1.4 

2 days 29.5 1.8 

3 days 3597 2.1 

4 days 36,,1 1.1 

5 days 36 93 1.5 

7 - 8 days 41,,6 1.5 

11 days 42.0 .8 
16 days 43 .. 0 1.0 



TABLE I 

A f Average 
ge o. distance 

Mater1al from ap1cal 

.Normal 
mature 

5 - day 
Gall 

2 - week 
gall 

4 - week 
gall 

6 - week 
gall 

end ot' Pro
cambium to 
a]21ca.L end 
or Proto
xylem in 
m1.crons 

64 

93 

188 

202 

410 
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VASCULAR BUNDLES 

Averat::e 
No. of 
vessels 
per 
xylem 
point 

3 .. 3 

4 .. 0 

4.9 

4 .. 3 

5 .. 3 

Ayeraee 
gfa~li~er 
Largest 
vessels 
ln 
microns 

30 

33 

55 

63 

88· 

Average 
Distance 
apart of 
Xylem 
points 
11) 
mlcrOns 

7 

25 

28 

45 

48 

.. 
Cells 
apart 

1 

2 .. 2 

2.3 

2.3 

2 .. 3 

The figures are based on average measurement obtained 

from four bundles in each of six galls of the stated 

ages. 
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TA.BLE .J 

DRY WEIGHT OF GALLS IN GRAMS 

Weight 0 0 .. 6 0 .. 11 0.16 0.21 0 .. 2 °i 31 o 3 °t~l to to to to O~~O 0~40 range of 0 .. 05 to 0 .. 20 0 .. 25 0 .. 35 0 .. 45 
galls in 0 .. 10 0 .. 15 
grams 

Nos .. of 
galls 10 22 22 16 7 11 7 1 2 

Total No. 
of insect 20 
exi-t 

103 184 119 64 132 112 16 62 

holes 

A.verage 
No. of 2 4 .. 7 8.4 7 .. 4 9 .. 1 12 16 16 31 
holes per 
gall 
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TABLE K 

THICKNESS OF CORTEX 

Age of 
Gall 1 2 3 4 5 6 7 8 .. 9 12.18 28 3.5 42 in 
days 

Cort-
ical 91 90 105 113 106 116 115 121 133 143 168 159 thick-
ness in 
microns 

MagQ 10 x 10 x 1.5 

I I 
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TABLE L 

SURFACE AREAS OF EPIDERMA.L CELLS IN @QUARE MICRONS 

Ages 
16 in 1 4 7 40 

Days 

Normal (12 x 8) (55 x 10) (110 x 12) (160 x 15) (160 x 15) 

cells 96 550 1320 2400 2400 

Gall (12x 8) (25 x 20) (35 x 30) (45 x 40) (50 x 45) 
cells 96 500 1050 1800 2250 

Method of Determining Cell Diameters. 

The cells selected for measurement were situated in the 

centre of the pith, or as near as possible to the widest 

part of the gall if breakdown had occurred. This aVoided 

measurement of damaged cells • 

. The number of cells covered by 5 units on an eyepiece 

micrometer scale was used, to calculate'the average 

diameter in microns. 



APPENDIX II! 
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EXPERIMENTS TO LOCALIZE THE CECIDOGENIC STIMULUS. 

Almost all papers on Cynipid galls state that there is 

no cecidogenic activity before the larva co@nences 

feeding. As this was apparently contrary to the condition 

observed in Hxpochaeris it was considered desirable to 

attempt to localize the stimulus in space and time. 

Some experiments to do this were attempted, but for 

one reason or another none were more than partly successful. 

EXH.~riment 1. 

In order to decide whether it was the fluid produced by 

the female or the eggs themselves l'll'hich initiated gall 

development, injection of the two separated fractions 

into young peduncles was attempted. 

a) Wasps were carefully squeezed on a slide until a 

drop of fluid was exuded from the ovipositor. This 

was injected with a fine hypodermic needle into a 

stem .. 

Result. No galls developed, either because the fluid 

is inactive or else because the excessive 

flow of latex from the relatively large wound 

of the hypodermic washed it out again. 

b) Eggs were removed from the abdomen and washed in 2% 

sucrose in distilled water. (Plain distilled water 

caused immediate distension of the egg to a dumbbell 

shape).. These were picked up in 2% sucrose and 

injected into the stem G 
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Result.. Again 110 galls developed.. Areas of necrosis 

ana prolific latex discharge internally and 

externally were the only visible results. 

Preswnably both the eggs and the plants were 

too severely damaged for further development 

to occur. The same results were obtained when 

eggs were placed in small slits in the peduncle .. 

EXQeriment ~.lI. 

A similar approach using systemic insecticides to kill 

the eggs was tried.. Because of recent legislation it 

was not possible to obtain the most desirable toxin} 

TEPA (Aphoxine or tris(i-aziridinyl) phosphine oxide)1 

which is able to sterilize females without interfering 

with oviposition. A selection of those available had 

to be used. They were:-

1 .. IlLethalinfl a solution of the gamma-isomer and others} 

of benzene hexachloride (B"HoC .. ), also known as Lindane. 

Plants are known to absorb· gamma-B .. H .. C .. and thus become 

toxic to insects feeding upon them. Thomas and Bevan 

(19SSJ found a drench poured around the young plants 

more effective than a spray .. Unfortunately, the other 

isomers also present in Lethalin are phytotoxic 9 

(West and Hardy 1961). 

2" tlMalathionft (O,o ... Dimethyl S (1;,2-dicarbethoxyethyl) 

phosphorodithioate) the most widely used and safest of the 

organophosphorus compounds was another used e As it is 

not absorbed (West and Hardy 1961) no particular result, 
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other than that of making a comparison with the other 

compound of this type, was expected. 

3. ttPhosdrinrt (O,o-Dimethyl (-2-methoxycarbonyl-l

methylvinyl phosphate) is a highly potent insecticide 

with a wide spectrum of activity, systemic, and with 

an extremely short residual life as it is rapidly broken 

dO\V"n by plant enzymes into non toxic compounds.. (It also 

has very high mammalian toxicity, its L.,D. 50 for rats 

being only 7mg/Kg body weight, which is over 200 times 

as poisonous as Malathion.) Unfortunately 90% of the 

Phosdrin is lost to the plant in less than two days, 

which meant frequent dosage was necessary to keep the 

level high enough .. 

Solutions were made up· according to the makers 

recommendations and the plants were watered carefully 

with these every two days.. A control series with water 

was run concurrently. Twelve plants in each series 

was used and inoculated with wasps in the usual way as they 

became available .. 

Resultss In the water control eight of the plants 

produced galls. Malathion, which is non

systemic, allowed seven galls to develop. 

On the Lethalin treated plants six stems were 

galled. Plants treated with Phosdrin 

developed only three gallsQ 
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Al though this was a-t firtSt sight an encouraging 

result further developments were inconclusive as the 

dosage needed to keep the systemic level of the 

insecticide high enough proved to be phytotoxic" 

Because of this phytotoxicity, ten days after oviposition, 

applications of Lethalin and Phosdrin were discontinued 

as the plants were rapidly dying. Development of the 

galls had stopped but this could be attributed to the 

low vitality of the plants" Subsequently most of these 

plants died, their outer leaves and inflorescences shrivell~ 

ing firsto W11ether the eggs were developing into larvae 

or not could not be ascertained by this time. 

Disappointing as these results were, it is felt that 

this is a promising field to be more carefully explored 

at some future date. 
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Bioassay for auxin-like substances 

Strictly speaking bioassays for auxin-like substances 

lie outside the scope of this thesis~ However, because 

of the prominence given to auxin as one of ~he prime 

causes of galls (see discussion) such an assay was 

attempted out of curiosity, to see if any activity of 

this kind was shown by galls of Hypochaeriso The 

results are thought to be sufficiently interesting to 

include here. 

Two different assay systems were used s 

The first technique used the standard method of 

Bennet-Clark, Tambiah and Kefford (1952) for the 

extraction and chromatography of the material, and a 

method of Audus and Thresh (1953) for the assayo 

This assay method uses the inhibition of elongation of 

pea Roots (Audus and Shipton 1952) as this is more 

sensitive to small quantities of auxins 

Inconsistent results were attributed to oxidation and 

breakdown of auxin during extraction and concentration, 

and to the presence of inhibitory substanceso The 

following year a different method, that of Goldschmidt 

and Monselise (1968) was used. This method uses 

centrifugal force to extract auxins as it gives much 

less inhibitory impurities in the extract. 

Method. Pieces of gall or normal stem 2 - 3 cm l~ng 

were arranged with their basal portions pointing 



towards the bottom of a centrifuge tube o The plant 

material was submerged in a 20% methanol solution 

which prevented any browning but did not extract pig-

ments etc. 

Centrifugation was applied at R"C .. F. 2000(g) for 

45 minutes. The liquid extract was evaporated in a 

nBUchi rotavapor" at 450 c until dry, the residue taken 

up in 80% methanol, streaked on paper and chromato-

graphed by ascending technique with isopropanol, water 

and ammonia (80, 19.9, 0.1). The chromatograms were 

cut into five pieces again and each piece was placed 

in a petri dish, moistened with 1 ml of distilled 

water and five Avena coleoptiles of standard length 

placed on it. They were kept ,in a room lit by a dim 

safelight for two hours and then measured by projection 

of their images .. 

This time galls 5-7 days,12-l5days, and 6 weeks old 
+ 

and normal stems 5~6 days old were tested. A water 

control was also run. 

Results from twqseparate series, shown in Graph 12, 

were very consistent. As the graphs show, young 

developing 5~7 days old gall-extract causes six times 

as much extension of the coleoptiles as distilled water, 

and approximately three times as much as older galls and 

normal stems .. 

+ Normal stems were those which had appeared at the same 
time &s those used to produce galls, but had notl had 
insects placed on them. 
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lliLE M AUXIN ASSAY 

Co\eoRtile Extensions with extracts from 
chromatograms of different rF va!llil§ 

rF value rF value 

o ... 2 

young 0 .. 56 
normal 0 .. 30 
stems 

5 - 7 day 2.62 
gall 2 .. 50 

12 ... 15 1,,20 
day gall 1,,12 

5 ... 6 week .,94 
gall 1.,18 

A 5 - 7 . day Galls 

B 12 - 15 day Galls 

C 5 - 6 week Galls 

D Young Normal Stems 

3 ... 4 

1.08 
0.84 

2.70 
2 .. 66 

1..06 
1 .. 00 

.. 96 
1 .. 04 

rF value rF value 

5 - 6 7 - 8 

0 .. 66 0 .. 48 
1,,08 .. 66 

2.98 3 .. 34 
2.82 3 .. 22 

1 .. 13 1 .. 34 
1 .. 00 1,,26 

1..00 1.04 
,,94 .. 68 

rF value 

9 "" 10 

.76 

.90 

3 .. 26 
3 .. 18 

.60 

.. 50 

.48 

.. 78 
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