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ABSTRACT

M. Se. OSAMA ANAS - Agronony
STUDIRS ON MASS CULTURING OF PIGRIDLS KIRJANOVA
AND IVANOVA, AMD ITS HOST RELATIONSHIP VITH

ACROFTIION BEPERS (L.) DC. (HUSSIAN KNAPWEED)

Bussian knapwed 15 sn aggressive noxious introduced weed
widespread in North America. The potantial of the leaf and stem gall
nematode Parpnguine niaridis Kirjsnove and Ivanove as a blocontrol
agent has beet recognised. nmmimmmunmmm
to obtain largs quantities of some nematods species, and could be
utilised to mass woduce P. ploridis for immdative releases. Cultur-
ing of P mmmmm.w.‘msswm
with high concentrativn of macyonutriemts, vitamins, sugar, and low

mmormnwm P- maxidis-
mmmmmum when gibbarellic acid
(%)m“lntbuﬂmln%nn ladenine (BA)

and «f -naphthalenesostic acid (MAA), but po nemstods reproduction
oocourred .

Stuliss wre conducted using rediosctive tracers to detexr—
mins the effect of P. piaxidis esll formstion on Rumsian knapweed.
The nemstode galls act ss powerful ‘physiclogiosl sinks' causing con-
mewmmummmb
Mmuz.mnuﬂnunww
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La centaurée de Russie est une mauvaise ‘hexbe—iatroduite qui
est répandue en Amdrique du nord. Le potentisl du nématode Paranguina
pleridis Kirjanova and Ivanova comme agent de contrfle a déja été
reconnu. Comme de larges quantités de certaine especes de nématodes
ont déja été produltes grice aux techniques de la culturs de tissu, la
culture de P. picridis pour distribution pourrait alnsi étre réalisable
quol que cela n'ai jamals été entrepris aupsravant. Ls milieu BS,
avec des concentrations dlevées en macroéléments, vitamines, sucres et des
faibles concentrations sn FeEDTA a permis la pénétration de nématodss.
Cette pindtration a aussi obsexrvée lorsque le milieu a été additionné
de GA, en combinaison avec du bensyladenine (BA) et de 1'acide o -
naphthalineacétique (NAA) mais les nématodes nese somt pes reprodults.

. Des études sur les offets de la formation de galles par P.
pioridis sur la centaurée de Rusaie ont été effectudes on utilisant des
traceurs radicactifs. Ces galles aglssent comms de pulssantes sons de
réception endommageant considérablement hphntohﬁ;oc-qm ddmontre

lo potentiel de P. picridis comme sgnt de controle bdiologigue.
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I  INTHODUCTION

Russian knapweed (Acroptilon repens (L.) DC. (Canada Weed
Committee, 1969) centaurdée de Russie (Flore du Canuit. 1974)), a member
of the Centaureinae subtribe of the Cynareae (Cardueas) tribe of the
Compositae family (Engler, 1964) is an introduced persistent perennial
weed species which is commonly found in cultivated land in western
Canada and infrequently in southern Ontario. It is listed as a pro-

hibited noxious weed in the Seeds Act (Agric. Canada, 1967)

Russian knapweed is a native of southern Russia, Mongolia,
western Turkestan, Iran, Turkish Armenia, Afghanistan and Asis Minor
(Moore and Frankton, 1974) and was first introduced into Canada in the
early 1900's as a contaminate of Turkestan alfalfa (Groh, 1940). Numer-
ous introductions of Turkestan alfalfa seed occurred, but only since
1928 has Russian knapweed been recognized as a serious weed in Cansda
(Moore, 1969). The recognition of Russian knapweed as a "prohibited
noxious weed” in 1936 probably has prevented more widesprsad infestations
of this weed in Canada. The spread of Russian knapweed, after its
initial introduction with alfalfa ssdil has been primarily dus to the
movemsnt and sale of infeated hay (Renney, 1959: FHogers, 1928). Dense 4
infestations of Russian knapweed occur in cultivated fields of grain and
alfalfa, pasture, mﬁsﬁuandmtcplmnndthndhabl_-tom-

vive in almost any crop in any tillable soil (Rogers, 1528).

-
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Actwal crop losses caused by Russian knapweed have not been
documented nor estimated in Canada (Watson and Harris, in press). It 1is

P R R

reported as a serious noxious wped of dryland crops in southexn U.S.S.R.

and the quality of flour and other grain products is greatly reduced when
contaminated with only 0.01% by weight of Ruselan knapwesed seeds ( Ivanova,

1966). The weed reduces ylelds of barley and maise fxom 5 to 10 fold and
df-eutb.qmﬁw of the yleld (Agadshanyan and Agadshanyan, 1967).

The yield of potatoes on plots infested with Russian knapweed decreassd

by half and both the sise and quality of tubers were affected (Higgins,

1967). It is noted that Bussian knapweed is the most effective competitor

wder dryland farming and the species has always constituted a serious

hasaxd to crop production (Selleck, 1964). The grein yield of wheat and

the foliage yield of mise 1s also reduced when plots are infested with

Bussian knapweed (Poyov, Baskin and Grusdev, 1973). BRussian knapweed also

has the tendency to form dense patches and to suppress the growth of othsr

species. The allelopstidc effects of Mussian knapwesd have Deens demon- !
strated with fossian kmapweed infested soil inhibitory to tomato trans-
MMWtMMofmm.Mﬂnlm
and roots, inhibit the geswination and growth of the redical of several
plant species (Chexmistov, 1967; Fletcher and Remmey, 1963; Ladoain, 1968;
Renney, 1958,1977; Bemney and Dent, 1958). The sap from.the follage of
the weed when brushed on lsaves of fresh beans and oats seedlings, rsduoed
their lesf surface ares. The root sep was slightly leas toxic (Deresov-
skii and Baskin, 1971; Mopov, Bagkin and Grusiev, 1973). In 1973 Bvetzatove
and co-workens fownd that the toxinms present in the Maesisn knapwed are
sseguiterpene lactomes like repin, saroptilin amd Nyrosnin, and they also
esve the struoture of amoptilin, Sesmsn (1962) has reviewd sesyvitexyese
lactones as tamnimic clermoters in the Asterscess. --}um'_u‘

-~



" also poiscnous to livesatock and has been shown to cause a nsurological
disorder and even death in horses (Young et al., 1970). No beneficial
aspect of this weed has been rsported (Watsan, 1980). The biology of

the plant has been recently reviewsd by Watson (1980).

Russian knapweed, a persistent persnnial,is difficult to con-
trol by cultural and chemical methods (Watson, 1975). Many different
herblcides have been applled agalnst Russian knfipweed, but they have
been found to be eithexr too costly or not very effective. The control
obtained by@_bz_,u-n or dicaamba has not been satisfactory (Fisyunov et al.,
1977; Jones and Evans, 1973; Khodorovskii, 1969; Drumskorov, 1974,1975,
1976; FRasicin et al., 1978) when compared to 2,3,6-TBA or picloram which

. gave conplete contxol (Agadzhanyan, 1968; Alley, 1976 Alley and Humburg,

1977,1978; Chernyshev, 1978; Kidrishev and Styazhkovoi, 1980; Miller,
1963; Mordovets et al., 1974). Picloram is the most widely used
herbicide for Rusaian knapweed contxrol, but the residual effect of the
herblcide imposes a problem for sensitive crops, whereas reaidue in tol-~
srant crop plants are potential health hasard to animals (Abramova,
Panasyuk and Nikanorova, 1977; Beresovskii, 1974; Berssovakii and
Kruasdorov, 1972; Gruzdev and Popov, 1974; Kidrishev and Styashkovoi,
1980; Krumsdorov,-1976; Mordovets and Golovin, 1974,1976r Mordovets
and Nagarenko, 1971). Therefore it is only feasible to use picloram along
roads, right-of-way, ditch bank around farm and industrial buildings, etc.
(varden, 1964).% Soil starilants like fenac, bensabor, simazine and
diuron + 2,4-D have also been used but they are not selective and o
destroy associated desirable plant species (Alley and Chamberlain, 1964;
Hopkins, 1961). .
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In North America, Russian knapweed 1s relatively f‘rea of
specialized parasites and is not extensively attacked by polyphagous
feedars, but in its native range, Russian knapweed 1s the lhost of a
nuaber of specialized organisas (Watsom, 1960). From these parasites
which have been recorded on the Russian knapweed, the potential of the
leaf and stem gall nmto&o, M’.‘.‘_ plcridis Kirj.and Ivan. as a
biological control ;gant has been recognized. The nematods produces galls
on the stem, leaves and root collar of infected plants and the nematode
galls cause considersbls damage to the weed (Watson, 1975). In experi-
ments with P. picridis to control Rusaian knapweed, Kirjanova and Ivanova
(1969) showed that in plots inoculated with crushed gall material, 100%
infaction of knapweed was obtained and of these, 20% died and up tbl X%
were heavily infested. In an augmentation biological control progres in
U.S.S.R. P. ploxidis is being sprayed in a water suspension (Kovalsv st al.,
1973).

Becauss of the reported host spocus.cfty (Ivanova, 1966) and
because of its damaging effect on its host, the ne;ntodo P. pleridis vas
imported into Cansda from Alma Ata, Kazakh SSR under quarantine and invest-
igated as a potential biocontrol agent of Russian knapweed (Watson, 1975).

The nemstode was found to sttack plants of the Centaurenise

and Cardulnae subtribes of the Cynu'ou tribe with the only plant suscept-
ible to Paxanguins picridis being Acpoptilon pepens, while other plants
which formed galls ranged from intolerant to resistant to the nematode
attack. When histologloal studies wars condyated on these different gails,
the variable host response to thonmtoaomuonﬁrudf‘rupu-ontbe
Russian imapweed ware the only ones which 'd’nhpod an extensive layer of
nutritive cells with minimal necrosis, wheresas in galls of other hosts the




nutritive sone was poorly developed and sxtensive necrouis was present
(Vatwon, 1975,1977). Galls are psthologically developed cells, tissues
or organs of plants having prosounced hypertrophy and hyperplasia which
takes place dus to the presence of the gall formsr. Nematode galls of
aerial psrts have a csotral cavity containing nesatodes which ia lined
withia sone of nutritive cells. Thess cells are abundant in cytoplasm
and the nematodes fesd on them (Mani, 196¢). Tt is assumed that the

nutritive cells act as powerful phystologioal sinks sttrecting assimdl-
ates of the plant to the gall and gall former (Vatson and Shorthouse,

1979).

A

. mummmofz.muMMm
additional informetion was requested on the effect of the nematods on the
knapweed; the effect of the nematode on crop plants and the parsistence
of the nemstode under field conmditions in abmence of the knspwesed (Watson
mm-’\m eas). The fears sxpressed against the nematods, thet it
might attack desirsbls knapwesds or even globe artichoke saad become ex-
tremely difficult to erradioste have been provenm groundless. The nematode
has besn given authorisation for relsase in Canada and United States
(Wataon and Herris in press).

The research conducted in this study had two objectives. Since
Q.MMMmtwwwmmmnu(;mv'
ot al. 1976 Iasimova, 1978), distribution of this biocontrol agent may re-
quire sssistance (Kovalev, 1973 Vatson and Harris, in press). Tissus culture
msethods have been utilised to obtain large quantities of some nemstode
species (Barker and Darling, 1965 Daagupts et al., 1970; Eriksson, 1980;
Inserrs and O'Bamnon, 1975 Jobnson and Viglierohio, 1969e,1969%) Khers
and Zuchermsn, 1962; Krusberg and Babinesu, 19';9. Reversat, 1975), and




could be utilised to mass produce P. picridis for inundative releases.
Thersfore, the first objective of this research mogram wvas to detarmine
if viable P. picridis larvae could be mass roduced using tissus culture

techniques.

The second objective of this research was to determine the
sffect of the gall forming nematods on the physiology of its host plant.
Some controversy has occurred concerning the effect of gall former on
their host plants (Harris, 1973; Plmentel, 1961). Harris (1973) stated
that since gall formers had ewlved a homsostasis with their hosts,
serious damage to the host plant does not occur. Therefors studlies were
conducted to determine the effect of P. pioridis sall formation on

o

Russian knapweed.
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II. MASS CULTURING OF REMATODES
A. INTRODUCTION

a.  TISSUE CULTURE

The concept that individual cells of an organisam are totipotent
is implicit in the statement of the cell theory (White, 1963). Schwann
(1979) expreased the view that sach living cell of a multicellular
organism would be capable of developing independently 1f provided with
the proper external conditions. A totipotent cell is one that is cap-
able of developing by regenaration into a whole organism, and this term
was coined by T.H. Morgan in 1901 (Erikorian and Berquam, 1969). In 1902,
the German ;ohnist. Gottlieb Haberlandt was the first to realize the toti-
potency of plant cells but he failed to obtain cell division in his
cultures, which was in part dus to the relatively simple nutrients and to
his choice of highly differentiated mesophyll cells (Krikorian and °

Bargquan, 1965).
Despite the fact that it has long been recognized that it is not )

strictly correct to refer to cultures of organs such as roots, steam, leaf
and reproductive parts, cell cultures, callus cultures or esbryo cultures
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as ‘tissue culture’, since they rarely are derived from or are commrised
of specific tissues (Balley, 1543), the teram is still commonly used as a
blanket phrase in the generic sense to cover all types of aseptic plant
culture procedures (Krikorian, 1982; Street, 1977b).

The first successful organ culture was achieved by White (193%) %
with the demonstration of the poteatially unlimited growth of exclised
tomato root tips. The difficulties which blocked the development of a

sucoeasful method for culturing sxoised plant material were the problea
of choosing the right plant material and the formulation of a satisfactory

7




nutrient medium (White, 1951).

The first plant tissue cultures, in the sense of longterm
cultures of callus, involved explants of cambial tissues isolated from
tobacco and carrot, were accomplished almost simultaneously by Gautheret

(1939), Nobécourt (‘1939). and White (1939).

Skoog and Miller (1957) advanced the hypothesis that shoot and
root initiation in cultured callus can be regulated by pa.x;tiqular ratios
of auxin and cytokinin. In addition to the cytokinins, there 1s evidence
that other endogenous cell-division factors may exlist in plant tiassues

(Wood et al. 1969).

Early experiments with shoot-apex cultures involved the degree
of autonomy of this unit and the morphogenetic conset;_uences of its is0l~
ation (Dodds and Roberts, 1982). First attempts in the culture of the
shoot tip were done by White (1933) using Stellaria media (L.). vil1.

Later Loo (1945) succeeded in culturing stem tipe excised from Asparagus
officinalls L., resulting in the formation of plantlets. The application
of shoot-apex cultures in the rapld clonal propagation of plants was first

L)

realized by Morel (1960).

Several media have been developed by various workers to sult par-:

ticular requirsments of a cultured tissue (Narayanaawamy, 1977). The in
vitro requirements for the growth and development of isolated shoot apices
vary with the size of explant, the intended use of the culture, and the
plant genotype. If the plant material has been cultured successfully in
other laboratories, it is best to start with published methods (Dodds and
Roberts, 1982). When attempting to establish a culture for the first time,
the usual procedure is to test firat a simple medium and then supplement
as necessary (Yeoman snd Forsche, 19803 Yeomsn and MacLeod, 1977).

]




Nutritional factors play an important role in achleving
success with isolated apical meristems (Morel, 1975). In plant tissue
culture, the establishment of an autotropic culture has not been achieved.
The basis of all Lnutrient media 18 a mixture of mineral salts combining
the easential macro- and micro-elements together with a source of carbon
which 1s almost always a sugar, and usually sucrose. The usual supple-
ments required are vitamins, amino acids, sugar alcohols, growth regu-
lators, a chelate such as EDTA and sometimes various natural extracts
such as coconut milk, yeast extract or tomato julce (Yeoman and Macleod,
1977). Plant cells and tlssues can grow on various formulations of media
that are generally classified in two categories: low salt or high salt
(Sbaxrp and Larsen, 1979). A typlcal low salt medium is the one developsd
by White (1943), while the most universally used high salt mediums are MS
Murashige and Skoog, 1962), and B5 (Gamborg and Wetter, 1975). The re-
quirements in a medlum for a particular organic supplement could be due
to elther the inability of the tlassue to produce it or a new requirement
resulting from a shift in metabolism (Dodds and Roberts, 1982). Additional
information on the nu{c.ritional requirements of callus and suspension
cultures can be found in the review by OJjima and Ohira (1978). Although
agar medla have been succesafully used for the culture of apical meristems
(Smith and Murashige, 1970), difficulty has been encountered with the

culture of some isolated meristems (Romberger and Tabor, 1971).

Although explants of the apical meristem require exogenous
hormones, the isolatad shoot apex with primordia and emerging leaves may
be independent of hoxmone supplements (Shabde and Murashige, 1979). The
cultures require exogenous auxin, and the addition of a cytokinin may or
may not be necessary (Shabde and Murashige, 1977; Saith and Murashige,

1970). Multiple shoot formation, desirable in clonal propagation, is
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enhanced by supplementing the medium with high levels of cytokinins
(Dodds and Roberts, 1982). Gibberellic acid provides a growth stimulus
for some cultured systems, and may be required for the culture of certain
shoot apices (Morel, 1975). Susmaries of the problems inwlved in plant
propagation by tissue culture have been written by de Fossard (1976) and
Murashige (1974). Information on the practical aspects of the procedures
involved can be obtained from the following books: Barz et al. (1976),
Butcher and Ingram (1976), Davies and Hopwood (1980), Dodds and Roberts
(1982), Gamborg and Wetter (1975), Gautheret (1959), Ingrsa and Helgeson
(1980), Kruse and Patterson (1973), Merchant et al. (1960), Paul (1975),
Plerik (1979), Reinert and Bajaj (1977), Rothblat and Cristofalo (1972),
Street (1974,1977b), Thomas and Davey (1975), Thorpe (1978), White (1963),
White and Grove (1965), Willmer (1966), and reviews by Dougherty (1975),
Gautheret (1955), Hollings (1965), Krikorian (1982), Krikorian and Berquam
(1969), Murashige (1974), and White (1951).

Plant tiasue cultures have been used extensively for the study
of cytodifferentiation (Bornman, 1974; Fukuda and Komamine, 1980; Jeffs
and Northcote, 1967; Boberts, 19763 Street, 1977a; Wetmore and Rler,
1963; Wetmore and Sorokin, 1955), and experimental somatic embryo-
geneslis has also been reported in tissuss cultured from more than 30
plant familles (Dodds and Roberts, 1982; KNarsyanaswvamy, 1977).

The potential of tissue culture as a tool in plant science has *
besn recognized, and the importance of this multi-disciplinary apmroach
indicates exciting prospects in the flelds of cell blochemistry, bio-~
chemical genetics, plant breeding, cell. and plant physiology and plant
pathology (Street et al. 1965). A list of ‘old Jrobleas with new perspect-
ives using plant tissue or csll cultures is aptly indicated by Strect
(1977v). ‘
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b, NEMATODE CULTURE

Plagt tissus culture techniques ware originally developed for
the study of fundamental probleas of nutrition and morphogenesis, and
have led to many important advances in these fislds. More recently, as
techniques and nedia have improved, 1t has become increasingly clear
that tissue cultures provide almplifiad expsrimental systems for use in
other branches of plant science, including plant pathology (Ingram, 1980).
Genaral reviews dealing with the applications of tissus culture tech-
niques in plant pathology have been published by Braun and Lipetz (1966);
Ingram (1976, 1977, 1960), Maheshwari (1969), and White (1968).

There are sany potential advantages in using tissue culturs
techniques to study plant diseases since the inciting organisms asy be
cultured together with their hosts in a controlled chemical and physical
envirorment, free from contamination. This offers the attractive poasib~
11ity of a ximplified experimental system for investigating the structurs
and physiology of host-psrasite interaction and, in the case of specilalized
parasites, provides a means of maintaining continuous supplies of con-
taminant-free propsgules. In addition, metabolic inhibitors and pre-
cursors may be added to culture media and diffugible products of inter-

R o Mt A

action may be extracted with compsrative ease (Ingram, 1977).

One of the earliest applications of plant tissue cultwre in~

volved the study of plant tumor physiology (White and Braun, 19%42) and a

T

recent summary of this field has appeared (Butcher, 1977). Other applic-
ations of plant tissue culture procedures in plant patlology with special 5
references to nematology are outlined by Amerson and.‘!btt (1982); Ingram
(1976, 1977); Jones (1980); Krusbersg and Babinesu (1979), and Zuckerman
(1971).
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The maln problem in culturing phytoparasitic nematodes is in
sterilizing the original inoculum, a delicate balance is required, 30 that’
the contaminant microorganisas are killed without injury t’.o the neaatodes
(Jones, 1980). Plant parasitic nematodes belonging to the order Tylenchida
are usually free from internal contamination and may be rendered aseptic
by simple surface steriligation of ogK massas, cystas or larvae, sometimes
linked with antibiotic treatment (Cairns, 1975; Zuckerman, 1971). Metcalf
(1903) was apparently the first to axenize a nematode (Rbhabditis brevis-
pina (Claus, 1862) Butschli, 18773 associated with plant decay, when he ob-
tained pure cultures by washing eggs in sterile water and then isolating
uncontaminated eggs from sterile agar. Byars (1914) succeeded in carrying
a root-knot nematode (Melojdogyne sp.) through a complete life cyclh, in a
monoxenic culture, on sterile tomato ssedlings growing in teat tubes on
nutrient agar medium. Later Polychronopoulus and Lownsbery (1968) cultured
nematodes on ssedlings within enclosed containers and concluded that the
technique proved unsatisfactory for long-term maintenance of nematode
cultures since the plant container was soon outgrowm by the plant material.

The culture of Pratylenchus minyus Sher and Allen, 1953, on
sterile excised corn roots represented the next significant advance 1n the
propagation of germfree nematodes (Mountain, 1954, 1955). Tiner (1950,
1961a,b) refined the techniques for indefinite mopagation of leaion
ne-stoti« P. penetrans (Cobb, 1971) Filipjev and Schuurmans Stekhoven on
corn roots in culture, and also developed a collection trap for axeanic
nematodes. Feder and Feldmesser (1955, 1957) reported that Redopholus
similis (Cobb, 1893) Thorne 1949, the burrowing nematode, completed its
life cycle in roots of citrus seedlings growing on water agar. Dasgupta
ot al. (1970) utilised root cultures of Sorghum vulgare, Pers. to prop-
agate Hoplolaimus indicus Sher, 1963, and defined its embryology and 1ife
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cycle. Hetexrodera rostochiensis Wollenweber, 1923, the potato cysat nema-
tode, developed to mature females in tomato roots in culture (Widdowson
ot al. 1958). Apparently, males required to fertilize the females were
lacking in these cultures so the females produced no eggs. This econ-
omically important nematode has still not been carried through a complete
life cycle in a plant tissue culture (Eriksson, 1960). Moriarty (1964)
obtained development of the beet cyst nematode, Heteradera achachtii
Schmidt, 1871, o‘p excised sugar beet roots in culture, but no eggas were
produced by the females because all the malas settled to the bottom of
the culture dishes befors fertilizing the females, whareas Johnson and
Viglierchio (1969b) obt&inedb embryonated eggs produced by females of this
specles, but did not carry the nematodes through a second or succeeding
generations on the roots. Brown (1974) found embryonated egxs in females
of the oat cyst nematode, H. avenae F‘ilipjev. 193, growing in the roots
of wheat seedlings in test tube cultures on nutrient agar medium. Reversat
(1975) also found eggs in females of rice cyst nematode H. orysas Luc and
Bexdon Brizuela, 1961, growing on intact rice plants in test tubes.

In 1957, Darling and co~workers propagated the potato rot nema-
tode, Ditylenchus destructor Thorme, 1945, on callus tissues of several
plants. This report initiated the current period in which many specles of
plant parasitic nematodes have been propsgated on different ﬁlant callus
tissuss. Bescent reviews on this topic include Ingram (1976, 1977),
Krusberg and Babineau (1979), and Zuckerman (1971). It is intaresting that
the pattern of host-nematode specificity appears to break dowm in tissue
culture (Ingram, 1977). Darling et al. (1957) reported that D. destructor
could be grown in undifferentiated callus of potato, carrot, clover and
tobacco, whereas Faulkner and Darling (1961) found that D. destrugtor
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remdmod(v;}lv on undiffersntiated callus cultures of clover, but falled
to rcwoduoc on root culture of clover or tomato. Dolliver et a}. (1962)
found that crysanthemum nesatode Aphlenchojdes ritzemsbosi (Schwartz, 1911)
Steiner and Buhrer, 1932, grev and multiplied on callus of tobacco, carrot,
perivinkle and marigold. Similarly, Webster (1966) and Webster and Lowe
(1966) found that A. ritsemsbosi grew on callus of a number of species,
including oat, ross, potato and red clover, all nonhost of the pathogen,
and also on callus of alfalfa, a normal host (Webster, 1967b).

Many clon:u of several varieties of clover and alfalfa have ‘
proven to be good substrates for Ditylenchus dipsaci (Kubn, 1857) Filipjev,
1936 (Bingefors and Eriksson, 1963). Krusberg (1961) experimented with
alfalfa, carrot, sweet potato, tobacco and soybean and found that alfalfa
provided the best reproduction of D. dipsaci and Pratylenchus ress Graham,
1951, The remoduction of A. ritsemsbogi and D. dipgac) was better on
alfalfa callus than on seedlings, whereas P. 3e8¢ repxroduced well on alfalfa
callus but not at all on uépt seedlings, whereas Scihxoeder and Jenkins
(1963) showed that mmw better on callus then
root cultures of elsven differsnt plants. Tylenchus asricols de Men, 1884,
and Tylemchorhynchus claytonl Stedner, 1937, are seen to reproducs well on
alfalfa callus, bu't; not on callus of tomsto, trocooll, carrot, cabbage, rye
or corn (Khers snd Zuckerman, 1962). Feder gt al. (1962) found that okra
callus proved better substrate than citrus seedlings for Badombolus
similis, but later studies showed that alfalfa callus was superior to okra
callus (Myers ot al. 1965). Dolichodezus hetexcosphalus Oobb, 1914 repro-
duced on corn callus developed from root tips, bdut not on alfalfa callus
developed from seedling (Parscer and Zuckermsn, 1967). Paratylenchus
Eodectus Jenkins, 195, reproduced well on white olover callus but not on
alfalfs callus (Townshend, 1974). However, it hss been reported that some
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nematodes will not infect or achieve full development in mdiftmtiatd
tissue. For example, Sayer (1958) fowsd that Neloldoyne indomnits
(Kofold and White, 1919) Chitwood, 1949, would not grow on purely un-
differentiated tissues of tomato, but would grow and complete its life
cycle in tissuss having some degree of vascular development. Miller (1963)
obtained all stages of development of Meloldogyne hapla Chitwood, 1949 in
tomato callus, but vascular tissus could have been present in the callus.
Purthsrmore, it has been observed that callus tissuss of plants ithat are
resistant to, or are nonhosts of a nematode in nature will fregquemtly
support good reproductlon of that nemstode (Bingsfors and Bingefors, 19761
Krusbers, 1961; Krusberg and Blickenstaff, 1964; Viglierchio ot al.
1973; Webstexr and Lowe, 1966).

Studies have been conducted on the effects of temperature
(Dolliver et al..,1962; Inserrs and O'Bannon, 19755 Johmson and Viglierchio,
1969a,b; lownsbery et al.,1967; Prasad and VWebster, 1967), the addition
of plant growth substances (Barker and Darling, 1965; Dolliver ¢t al.,
1962; Faulkner gt a3l.,1964; Krusberg, 1961; Lownsbexy et al.,1967;
McClure and Viglierchio, 1966a, b; Sanistedt and Schuster, 1966e,by
Vebster, 1966, 1967a,b; UWebster and Lowe, 1966), the addition of inhib~
itors (Webster, 1967b),and the effect of differemt hutrient media or vary-
ing the oconstituents in the medium (Barker and Darling, 1965; Bingefors
and Bingefors, 1976y Dolliver ot gl.,1962; Faulkner gt al., 197%;
Johnmon and Viglierehis, 1969b; Krusberg, 1961; ~Krusberg and Blickenstaf?,
1964; MoClure and Viglierchio, 1966a,b; Riedel and Foster, 1970; Riedel
ot akes 1973; Schroedsr, 1963; Sotxveder and Jenkins, 1963; Temurs and
Mamiya, 1975) on nemstode growth in callus cultures.




For the estabdlishment of a mcosdnl neristen culture in
which differentiation and plant development takes place, it is ncocun:y
to deterxine the choic.’of nedium, culture oconditions and the growth
hormone ratio (Gamborg and Wetter, 1975). On the other hand, for the
culturing of the nematodes, a ressonable balance between nematode
growth and reproduction and tissue growth is needed for successful long
term maintenance of the association in culture (Jones, 1980). Medium
a0lidified with agsr have usually been found to be better substrates than
liquid cultures (Ssyre, 1958).

Psranguins ploridis Kirj. and Ivan, is a highly specialized
nemstode and its potential as a biological control agent of Russian
knapweed has been demonstrated (Vatson, 1975; Watson and Hurris, in
gress). It has been shown that plant endoparasitic-mematodes ——
evolved the ability to induce morpholosical changes in the host cells to
form feeding sites (Jones, 1961), and the nutritive cells present in these
sites act as powerful "physiological sinks™ ztmcnnk assinilates to the
gall and gall former (Jankiewlcs et al., 1969). The m&}uw cells and
and syncytia in nematode galls serve in the same manner (B?lmdfqgilqvqu.
1975 Vateon, 1975). The mechanism by which the nematodes trigmer the
development of these cells is not known (Skimmer gt al., 1960).

. It s been reportel that migratory nemstodes (e.g. Piiylenchus
spp.. Anblencholdes spp.. Brsiyisnchus spp.) are being maintsined routinely
in 'nematode banks' on sultable callus tissues. In addition attempts o
maintain sedentary types of endopsrasitic nematodes (e.g. Globodexs spp.,
Hetexodexa w) are contimuing (Bingsfors and Bingefors, 1976 Eriksson,
19680). However, nematodes forming galls on asrial parts of the plant have
never been axenically cultured. Sinoe }. muu not naturally spread
grest distances in the soil (Ivemmikov gt al., 1976; Kasimova, 1978) its
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distribution msy require assistance (Kovalev, 1973; Watson and Harris,
in press). The primary objective of the research conducted was, there-
fore, to dewvelop a defined axenic culture system using tissus for
the mass culture of viable P. plcridis larvae for inundative releases.
The uss of different nutrient media, the use of different ratios of added
growth regulators and even the combimation of different techniques for
surface at&inxingthon—:todcinoculmmdlmmnuorth-
objective. Furthermore, it is suggested that subsequent studies should
be conducted to investigate the nutritional and hormonal factors involved
in the host~parasite interaction. 7
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A major problea in culturing plytoparasitic neamatodes is the
sterilization of the original irpculum. PFor succesaful resulis, clean
preparetions of active nematodss are required. Axenization procedurss
reported in litersture have certaln limitations and no uniforms, con- -
sistent method has been devised. Thexrefore, in this study different
methods were tried to obtan large qnmu:u- of sterilized nematodes
for inoculation of Russian knapweed tissus cultures. The procedures
followed are presented in Table 1.

18




Pre sterilisation Sterilisation

Post Sterilization

QLD GALIS _ !
Sorub olean in sterile Submerge for 10-15 min,
watur. Submerge in 70% in 2X sodium hypo-

sthanol 10-15 mec. ohlorite, agiltate.

Wash in sterile dist. Wash 4-5 times in

ll20- sterile .di.ti RZO-
RSl GALIS

As l?ovo As above
INDIVIDUAL MEMATODNG

1. 014 galls ocut open and 2 gerial transfers to
agitated in mter by streptoxycin sulfate,
passing air 3-4 hours. 5-6 tranafers of
Nematodes collacted by gterile dist. water.
Basrmann's funnel tech- |

" nighe under sterile
conditions. Vashed 34
timen in aterile dis-
tilled water,

— g @ P W RARE T

Place gall on agar Contamination
medium ocontaining after 3 days
.05¢/1 malachite green

+ .05¢/L streptomycin

sulfate

As above Contaaination
when galls cut
opsn after 5 days

Nematodes trans- 40 o 50%

ferred to agar contamination

Dodds & Roberts, 1982
Fenwick, 1956

Gamborg & Wetter, 1975
Lapage, 1933

¥Weinatein & Jones, 1956
Yeoman & Macleod, 1977

As above

Barker & Darling, 1965

61



TABLE 1. (Gont'd.)

PROCEDURE

Pre sterilization

REMARKS

Sterilisation

Poast Sterllization

REFERENCES

i1.As above

iii. As above

RBUIX NEPMATODES
Nemstodes collected by
Basrsamn's funnel tsch-
nique (20 ppm malachite
green + 1000 ppm
streptomycin sulfate in
inocubation water).
Nematodes washed 34
times in sterile dist,

"20'

Batches of 100 nematodes
in"'100 ppm HeCl, + 1%
streptomycin sulfate

2 minutes

Nematodes passed singly
through 5-6 bathas of

20 ppm malachite green
+ 1000 ppa streptomycin
sulfate (34 hra).

Nematodes washed in 100
ppm lkclz for 2 minutes.
Then 3-4 times with
streptomycin sulfate
(1000 ppm) + malachite
green (30 ppm). Finally
4~5 times with sterile
distilled water

As above 30% contamination Dolliver et al., 1962

4

As above No contamination, Krusberg, 1961

Time consuming.

Chen et al., 1961

Method not sujtable
for large quantit-

lea of nematode

Nmtodon trang- No contamination
ferred to agar plates.

If nematodes not util-

izged for inoculation,

they were stored at No ocontamination
room temp. on agar

medium ocontaining

.05¢/L malachite

green + .05 g/L

streptomycin sulfate,

Barker & Darling, 1965
Chen ot al., 1961

Christie & Crossman, 1936
Dolliver ot al., 1962
Krusberg, 1961

Lownsbery & Iomaber:;. 1956
Mountaln & Patrick, 1959
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b. RUSSIAN KNAPWEED AND NEMATODE CULTURE
1. PLANT MATERTAL ’

A

Russian knapweed roots were collected from a field site on the
Macdonald Campus of McGill University, Ste. Anne de Bellevue, Quebec,
and after washing, they wvere cusc into approximately 7-8 cm. segments.
The root segments were potted in vermiculite 1n 10 cm diameter pots.
The pots were placed 1n a growth chamber, with the following environ-
mental conditions: temperature night 10°C, day ZOOC; day length 14 hr;
light intensity 75 microeinsteines (m—zs‘l) (one microeinsteine =
6.023):107 photons); relative humidity 30%. The pots received an excess
of modified Hoagland's solution (Hoagland and Aron, 1938-Appendix A),
with 10.5 ppm nitrogen supplied as ammonium nitrate "(NHL&NOB) every second
day, and on alternate days received sufficient 'distilled water to reach

saturatlon.

When the plants were 1% months old, the terminal bud was cut off
to remove apical dominance. After a week the lateral buds, which were 0.5

to 1.0 cm long, were removed from the parent plant with a sharp razor blade.

e b e G aer L

2, PREPARATION OF STERILE TISSUE

A1l operations were performed aseptically in a laminar flow

cabinet under sterile conditions. The instruments (scalpels, needles and

forceps) were sterilized by immersing them in 70% ethanol and dried with
sterilized filter/blotting paper. Before using each instrument, it was

dipped in 95% ethanol and flamed and allowed to cool.

Shoot apices were placed in a Syracuse watch glass and the
leaves were removed. Aplces were then submerged in 70% ethanol for 20-30
seconds, transferred to 50% (v/v) commercial bleach (Javex) solution for

5-10 minutes, and washed 5-6 times in sterile distilled water.




~.”

3. DISSECTION OF MERISTEMATIC DOMES

The dissectlon of the meristematic domes followed a procedure
adapted from Gamborg and Wetter (1975), and were performed aseptically
using a binocular microscope within the lam:lné.r alr flow cabine't. The .
meristematic domes are enclosed within many whorls of leaves and are

usually free of contamination.

The disinfected shoot apex was held with a palr of forceps
with one hand under a workable magnification (10 x 50X) of the micro-
scope. The outer whorls of leaves yers removed with sharp sterile
scalpel until the meristematic dome was reached. The meristematic domes
contain portions of procambial tissue and two to three leaf primordia.
After four cuts at the base of the meristematic do,mes at right angles to
each other, the dome was gently removed and immediately placed on the

nutrient agar medium.

4, NUTRIENT AGAR MEDIUM

The media, MS of Murashige and Skoog (1962) (Appendix B) and
BS of Gamborg and Wetter (1975) or its modifications (Appendix C), were
used in the subsequent studies. The MS and B5 medla have bee;n formulated
to support the growth of a wide variety of tissues of both monocotyledons

and dicotyledons (Narayanaswamy, 1977).

S GROWTH HORMONES

In the following experiments, the cytokinin used was benzyl-
adenine (BA), ol -naphthaleneacetic acid (NAA) was the auxin eaployed and
glbberellic acid (GA3) was the gibberellin used. The gibberellic acid :
was filter sterilized by passing through Nalgene®) filter unit (Sybron/
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Nalge) with a 0.495 micron size filter and was added under sterile con-~

ditions after autoclaving the medium.

e TYPE AND SIZE OF CULTURE APPARATUS

Twenty ml of medium were dispensed into 250 ml Erlenmeyer flasks,

b
the openings covered with alumirmum foil and the flasks autoclaved at 15

psi and 1150(3 for 15 minutes. After autoclaving, the flasks were
allowed to cool at room temperature and “he medium could be stored for

6-8 weeks at 4°C.

7. GROWTH CONDITIONS

The cultures were incubated orn a growth bench in the laboratory

at 25 T 2°C and lc nr day length with a light intensity of 65 micro-

5
bl RN
!

-2 . -
einsteines (m “s using fluorsscent 'cool white' light.

8. HISTOLOGICAL METHODS

i. PFIXATION

Cultures were removed fTrom the Ilask and any agar sticking *o
the callus was carefully removed. The callus or plant “issues were cut
into pleces not larger thar 1.0 cm3 and transferred into vials containing
FAA fixative (formalin-acetic-alcohol) 'Pempel's mixture' !Appendix D).
The vials were evacuated to remove trapped air in the callus or plant
tissues, Tissue specimens were kept in fixzﬁive at room temperature for

at least 48 nr.

i11. DEHYDRATION AND EMBEDDING

Specimens vere removed Irom the fixative and washed “norougniy

2 to 3 times with water at room ‘emperatire and were lef*t in water for at

leas* 2 hr cr preferably overnight. The water was replaced bty *ransferring

W et e
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through an ethanol series and eventually to Tertiary Butyl Alcohol (TBA).
The dehydrating sequence through to TBA is listed in Appendix E. Speci-
men in 100% TBA should be kept at temperature higher than 26°C because
TBA solidifies at 25.5°C. The tissues were placed in a 1:1  solution
of TBAiparafin oil, then 1/3 of the TBA:parafin oil was poured off, and
melted paraplast (60°C) added and specimens were left overnight in the
oven at 60°C. The TBA:parafin oil:paraplast was replaced by pure para-
plast and exchanged 2 times during one day with specimens remaining in
the oven at 60°C. Specimens were embedded in pure paraplast and the
blocks were trimmed for sectioning (Berlyn and Miksche, 1976; Jeusen,

19t£;: 0'Brien and McCully, 1981).
iii. SECTIONING

Sections of 25 & thickness were cut using a AD Spencer No. 820
Rotary Microtome. Ribbons with groups of 4~5 sections were floated on
water on clean slides with very thin layer of Mayer's adhesive (Albumen
and 3lycerin). Ribbons were gradually stretched on a warm plate (40°C).

The slides were drained and then left overnight for drying on the warm

—

plate.

iv. STAINING AND MOURT ING

When preparations were perfectly dry, they were stained in

Safranin (1% in 50% ethanol) and Fast Green FCF (0.5% in 95% ethanol)

SIE e B hihds

and clearsd in carbol-xylene and xylene (Berlyn and Miksche, 1576;
O'Brien and McCully, 1981) (Appendix F). The stained specimens wers
sounted in Canada balsam, covered with a coverslip dried overnight in

an oven at })-JAOOC.

L&WW%%W& whor
:
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capproximately 50 nematodes in 1 ml of water, under sterile conditions to

25
EXPERIMENT 1

The selection of the nutrient medium was the initial step in
the tissue culture study. MS and B5 medium were prepared without any
hormones and 20 ml were dispensed into 250 ml Erlenmeyer flasks and

autoclaved.

Shoot tips of about 1 cm long were collected from Russian
knapweed plants growlng in growth chambers and after surface sterilization
they were put on elther MS or B5 medium and incubated on growth benches
in the laboratory. Observations were made over a period of five weeks on
the growth of the young shoots to determine which medium was superior in

supporting Russian knapweed growth.

SXPERIMENT 2

Using BS medium with 5 levels of auxin (NAA) and cyiokinins (BA),
0.01, 0.1, 1.0, 5.0 and 10.0 mg/L, 25 combinations were obtained and
following the procedures mentioned before, meristem cultures were made.
Observations were made over a period of 5 weeks on the growth of the

cultures.

In a similar experiment, the established cultures (1 week old)

were inoculated with an aliquot of sterile nematcde inoculum containing

avoid contamination. After one month, the cultures were fixed in FAA
(formalin—acetic-alcohol) 'Pempel's mixture' (Appendix D), and dehydrated
through TBA (Tertiary Butyl Alcohol) series and embedded in paraplast

(Appendix E). Sections were cut at 25 u using a A0 Spencer No. 820

v
f
%
%
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Rotary Microtome and were stained with Fast Green FCF and Safranin

{Appendix F).
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EXPERIMENT 3

Since nematode penetration occurred in none of the previous

cultures, another experiment was conducted taking in account the posaible

environmental and nutritional conditions which play a role in the pene~
tration of the nematode in the host tissue. It is known that the pene-
tration of P. picridis in nature takes place when the Rusaian knapweed
is emerging or is ;t the s0il level (Watson, personal communication).
BS5 medium with 1.0 mg/L of BA and 0.01 mg/L of NAA was selected, because
shoot multiplication and development was best with thia hormonal ratio.
Once the cultures were established (10 days) they were covered with
moist, sterile perlite or vermiculite which had been autoclaved and
inoculated with an aliquot of sterile nematode inocultm\ containing approx.
50 nematodes in 1 ml of water, as in the previous Wt. Since
plant growth was slow and the plants did not appear through perlite or

vermiculite, GA., was applied to some of the cultures at a rate of 0.5

3
mg/l. Fifteen days after GA; application half the plants from each treat-
ment were taken out, fixed in FAA "ﬁ ssctioned as in the previous experti-

ment.

It has been mentioned previously that the modification of the
culture medium should be done according to the objectives of the experi-
ment. In the second part of this experiment, the B5 asiium was therefore
modified based on the information, which suggested incressed penetration
and reproduction of the nematodes in tissus cultuwre (Dolliver e« al.,
1962; Krusberg and Blickenstaff, 1964; McClure and Viglierchio, 1966b).

Two mediums, B5 mod. with higher concentrations of sacro-
nutrisnts, sucrose and vitamins and low iron chelate and B5% mod. with

low concentrations of macronutrients, sucrose, vitamins and FeEDTA

2
w~
»
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(Appendix C) were formulated and culture procedures were followed as
mentioned above. Hormones were supplied at a rate of 1.0 mg/L BA and
0.01 mg/L NAA. The inoculated cultures were incubated for one month,
fixed in FAA, embedded in paraplast and after sectlioning, stained with

safranin a.fxd fast green.

EXPERTIMENT 4

3ince the penetration of the nematodes still posed a problem
ir this study, it was declded that beside nutritive factors, gibberellic
acid might |be playing a role in the penstration of the nematodes In

cultures. |

n this experiment, using B35 medium with 3 levels of BA, NAA
and GAB whilch were 0.01, 0.1 2nd 1.0 mg/l, 27 combinations were obtained
and meristem culture was performed fcllowing the procedures mentioned
above. ::". he second part of this experiment, the culiures were inoculated
with nematodes and incubated for 1 month. The cultures were fixed in FAA

and sectioned following the above mentioned procedures.

i
,%
:
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II.C. RESULTS
EXPERIMENT 1.

The culturss made using short apices on B5 medium oi"
Gamborg and Wetter (1975) and MS medium of Murashige and Skoog (1962)
without any growth hormones, showed the following growth pattern over a

period of five weeks. The data summary 1s presented in Table 2.

e

P s gt b L n e i setedts WROR



TABLE 2. OBSERVATIONS MADE ON CULTURES OF SHOOT APICES ON B5 and MS MEDIUM
MITHOUT GROWTH HOBWONES OVER A PERIOD OF 5 WERXS
VI 1 VERK 2 VESX 3 WEEX 4 WEEX 5
3 (8 g 2.5 8.3
i’s | gjwi i o | i | i 3
E 2 Remarks g Remarks Remarks % ] Remarks % | Remarks
a ] B % % §§ Blas
L ] 3 | a L‘ £ Y ﬁ u| 2 ]
M| 1j1 om|Plant looking |1]/1 ca|PFlant looking | 2{1.5 cm|Slight callus |3]3.2 om|Callus enlarged| 4|5 ca callua‘turnlng
noraal norsal . at base of 1 ca. slightly brown.
Fo change Ko change shoot. Lleaves leaves fleshy, Leaves fleshy,
thickening and thick, shining thick, shining
fleshy and long and long
B5{ 111 om{Plant looking {1]1.5 |Plant slightly|2]2 ca |S1ight callus {2!3 ca Slight callus 313.5 |Slight callus
noreal. ca |grown. at base .5 ca leaves green ca  |[Leaves green
¥o change Normal. Leaves green, and normal and normal
No change Normal

vdetn -




EXPERIMENT 2.

Meristem cultures were made on B5 medium with 5 levels of
cytokinin (BA) and auxin (NAA) :rhich in total gave 25 combinatlons.
In a similar experiment, the cultures were inoculated with nematodes
and after one month the cultures were fixed, sectioned, and stained.

The results are presented in Table 3.

From Table 3 the results show that the cultures-on medium
with high levels of BA (5 or 10 mg/1) did not give a positive response.
There was very little shoot development and callus formation. The
cultures started browning after one month. There was also very little

or no differentiation in time of callus.

Medium with high levels of NAA (5 or 10 mg/l) and with lower
levels of BA (0.01, 0.1 or™1.0 mg/L) had callus formation but there was

no differentiation of tissue in the callus.

When the levels of BA in comparison to NAA were higher (e.g.
0.1 or 1.0 mg/L BA with 0.01 or 0.1 mg/L NAA) the medium supported very
good shoot multiplication and development (Figure 1) and the plantlets
could be subcultured and established (Figure 2). The callus in these

cultures alaso showed tissue differentiation.

In the medium with the lowest level of BA (0.01 mg/L) and with
equal or slightly higher levels of NAA (0.01, 0.1 or 1.0 mg/l) there was
slight- callus formation which had little tissue differentiation. Root

development was observed in medium with O.1 or 1.0 mg/L NAA.

There was no nematode penetration in any of the cultures and

therefore no gall formation took place.



TABLE 3. 85 MEDIUM HI‘!‘H 5 LEVEIS OF CY'IOKININ AND AUXIN {25 COMBINATIONS)., INOCULATED Hl'+
PPRO. ER 1

} ] |
B5 medium mt'ferenutuon Number cul'mraa without nematodes (control) formation of  Nematode Gall

T of time of ocallus, rocts, plant initiation or plant penetration formation
BA " in callus + plantlets development (in mection)qt’

01 .01 +] 1 S1ight callus, little shoot development - ' None

N 1) S | + 3 Slight callus formation, slight root formation - "

01 1.0 + 2 Slight callus formation, root development after 15 days - »

01 5,0 - . 4 Callus formation - "

.01 10.0 - 1 S1light callus formation - "

o1 01 + 4 Little shoot multiplication and development - "

1 o1 ++ 3 Little shoct multiplication and development - "

o1 1.0 + 2 Slight callus formation, little shoot development - "

1 50 - 1 Slight callus formation - "

.1 10.0 - 1 8light callus formation - "
1.0 01 ++ 7 Jhoot multiplication and development* - "
1.0 .1 ++ 6 Slight callus formation, ahoot multiplication and

development - "
1.0 1.0 +4+ 4 Callus formstion, little shoot multiplication and
development - »

1.0 5.0 + 2 Slight callus formation - "
1.0 10.0 - 1 Slight callus formation - it
5.0 .01 + 3 Slight shoot development - "
5.0 .1 + 2 Slight shoot development - "
5.0 1.0 - i S1ight shoot development - .
5.0 5.0 - i Yery slight callus formation - "
5.0 10.0 - 1 Yory slight callua formation - "
10.0 01 - 1 Very slight shoot development - hd
10,0 ol - 1 Very slight shoot development - .
10.0 1.0 - 1 Very alight shoot development - "
10.0 5.0 - 1 Very slight shoot development - "
10.0 10.0 - 1 Yery slight shoot development - "

+ - = mot differentliated ++ =~ = no penetration

+ = alightly to wmoderately differantiated + = penetration
++ = highly differentiated *  Photograph of plant showing shoot muliiplication

I



Using B5 medium or its modifications with 1.0 mg/L of BA and
0.01 mg/L of NAA, the following results, presented in Table 4, were

obtained.

ALl the cultures developed callus to some degree and there
was 8light d.ifferentlation of cells in the callus tissue in cultures on
B5/perlite and B5/vermiculite which were incubated for 15 days.
Cultures from the modified BS5 medium (BS5 mod) with higher concentrations
of macronutrients, sucrose and vitamins and low FeEDTA which were in-
cubated for 15 or 30 days had highly diffexrentiated tissue in the callus
vhereas the rest of the cultures had moderately differentiated tiasues .
in their callus (Table 4). Nematode penetration did not take place ’1n
any of the cultures which had perlite or vermiculite, with or without
GA3 at after 15 or 30 days of incubation. Only one culture (Figure 3)
from the sodified B5 medium (BS mod) had nematode penetration (Figure 4)
and there was very slight cavity formation armound the nematodes.




TABLE 4. B5 MEDIUM OR ITS MODIFICATIONS, IMOCULATED WITH NEMATODES

B5 MBOIUM Diffarentiation Nesatode ** Gall
of tissuve Plant or Callus Growth penetration formatlion

vossta NI ,
B5/perlite

ts dqya; + Leaves thin, transparent, slight callus, plant did not omerge - None

” d"‘ ++ L] [ ] - " " n » 3 L) - "
B5/vermicullte |

15 w‘; + " " " n - "

” d"l ++ " - " »n " " " - "
B54GA/perlite o

515 days ++ Leaves long, slight callus, plant emorged - "

m d‘]l ++ " » " " " L) T; - »
B5HGA/verniculite ¢

‘5 d"‘ ++ » L] ' - » - "

m d"l + L4 [ " " 1l - "
BS with higher oon-
centrations of macro-
nutrients, sucrose and
vitamins and low
FeRDTA (BS mod) .

515 duag 4 Siight callus and plant multiplication - "

30 days i Slight callus, plant multlplication and developmont ®*¥ + {one culture slight
B5 with low concent- only) cavity
rations of sacronutrients formation

sucroae, vitamina and
FeEUTA (854 mod)

.

515 daya ++ S1light callus and ltttle plant multiplication - None
30 days ++ Slight callus, little plant multiplication and development - "
. ~ = m differentiation ** - = no penetration
+ = slightly differentiated 4+ = ponetration
++ = moderately differentiated #*+  Photographs of cultures with nematodes
+++ = highly differentiated
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

‘Meristem culture of Russian knapweed on B5 medium

with 1.0 mg/L BA and 0.01 mg/l NAA, showing shoot
nultiplication.  18X.

Plantlet from B5 medium with 1.0 mg/L BA and 0.01
mg/T NAA, subcultured and established. 0.75X.

Culture of Russian knapweed on modified B5 medium
(B3 mod) with 1.0 mg/L BA and 0.0l mg/L NAA,
inoculated with nematodes. 4,5X.

Section of Russia:n knapweed culture on modified B5
medium (BS5 mod) showing nematodes with slight
cavity formation around them. 162X.
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EXPERIMENT 4

Meristem cultures were grown on B5 medium‘with 3 levels of
cytokinins (BA), auxin (NAA) and gibberellic acid (GA3) which gave 27
combinations. In a similar experiment, the cultures wers inoculated with

nematodes and after one month, the cultures were fixed, sectioned and

o

stained. Reaults are presented in Table 5.

When gibberellic acid (GAB) was added to the medium, nematode
penetration took place in most of the cultures (Table 5). Callus form-
ation took place in all the cultures and the callus was slightly to
moderately differentiated on medium with 0.01 mg/L BA, 0.01 mg/I NAA;

0.1 mg/L BA, 0.1 ml/L NAA and 1.0 mg/L BA, 0.01 mg/L NAA, whereas callus
on medium with 0.1 mg/L BA, 0.01 mg/L NAA was highly differentiated.
Plant multiplication and development was also more in the medium with 0.1

ng/L BA, 0.01 mg/L NAA when compared to other BA and NAA combinations.

In the medium with 0.01 mg/L BA, 1.0 mg/I NAA and 0.1 mg/L GAy
‘(Flgure 5) the nematodes penetrated the callus. There was no tissue dif-
ferentiation or cavity formation around the nematodes with dedifferentiation
of the tissues and the formation of nutritive cells and the nematodes were
in the intercellular spaces (Figure 6). A similar type of response was
observed in the medium with 1.0 mg/l BA, 0.1 mg/L NAA and 0.1 mg/L GAy
where the callus was light green with formation of plantlets (plant
initiation) (Figure 20) and no tissue differentiation or dedifferentiation

or cavity formation around the nematodes occurred (Figure 21).

The medium which supported the highest plant multiplication
and development (0.1 mg/L BA, 0.01 mg/L NAA) (Flgures 7, 10, 12) also had
the highest nematode penetration, which was about 16 to 20% (Figures 8,
11, 13). The callus tissue was differentiated and the nematodes were

el Beoetwn i Wt e %
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Mgure 5.

Magure o,

Culture of Russian knapweed on 85 medium with 0.0
ng/L BA, 1.0 mg/l %AA and 0.1 2&/1 B4, inoculated
g >3 ) < - - o
with nemalodes. Zallas forration. N

vt

Section of Russian xnapweed culture on 35 medium
with 0.01 mg/L BA, 1.0 mg/L NAA and 0.1 mg/L GA,.
Nematodes in undifferentiated tissue. 162%.~7
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Figure 7. Culture of Russian knapweed on B5 medium with 0.1 mg/L
BA, 0.01 mg/L NAA and 0.01 mg/L GAj inoculated with
nematodes. Callus formation, plang multiplication and
development. 4,5X%,

Figure 7. 3ectlon of Russian knapweed culture on BS medium with
0.1 mg/L BA, 0.0L mg/L ¥AA and 0.01 mg/L GAs.
Hematodes in cavity, tissues differentiated. 102X,

Plgure 3. Section of a leaf with nematode from Russian knapweed
culture on BS medium with 0.1 ag/L BA, 0.01 mg/L NAA
and 0.01 mg/1L GA3. 102X.
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Figure 10. Culture of Russian knapweed on BS5 mediuam with
0.1 mg/L BA, 0.01 mg/L NAA and 0.1 mg/L GA.,
inoculated with nematodes. Callus formatidn,
plant multiplication and development. 5X,

Figure 1l. Section of Russian knapweed culture on BS
medium with 0.1 mg/L BA, 0.01 ag/I NAA and
0.1 ng/L GA3. Nematodes present in cavity and
cells. Time differentiated. 162X.







Plgure 12,

Flgure 13.

Figurs 14,

Figure 15.

Culture of Russian imapweed on BS5 medium with
0.1 mg/L BA, 0.01 ng/L NAA and 1.0 ng/L GAs.
Callus formation, plant multiplication and
development. 4,5,

\

Sectlon of Russian knapwead culture on B5 medium
withk 0.1 mg/L BA, 0.01 mg/L NAA and 1.0 mg/L GA4.
Nematodes pressnt in cavity and cells. Time

Section of Rusalan knapweed culture on B5 medium
with 0.1 ng/L BA, 0.1 mg/L NAA and 1.0 mg/L GA,.
Nematodes present in cell. 180X,

Section of a asristen with nematodes from Russian
knapweed culture on B5 mediuam with 0.1 mg/L BA,
0.01 mg/L NAA and 1.0 mg/L GA4q. The nematodes
have not penetrated the tissua. 102x.

2
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Figure 16.

Filgure 17.

Figure 18,

Figure 19.

Culture of Russian knapweed on B5 medium with 0.1

mg/L BA, 0.0l mg/L NAA and 0.1 mg/L GA3. Callus
formation and plant inltiation. b, 52.

Section of Russian knapweed culture on BS medium
with 1.0 mg/L BA, 0.01 mg/L NAA and 0.1 mg/L GA,.
Nematodes present in cavity. Tissue differantij-
ated. 68X,

t

Culture of Russian knapweed on BS medium with 1.0
mg/L BA, 0.01 mg/L NAA and 1.0 mg/L GA3. Callus
formation-and plant initiation. 4,75X,

Sectlon of Russian knapweed culture on B5 medium
with 1.0 ag/L BA, 0.01 me/L NAA and 1.0 mg/L GAj.
Nematodes present in cavity. Tissue differ-
entiated. 80X.
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Figure 20,

Flgure Z1.

Culture of Russian knapweed on B5 medium with 1.0

mg/L BA, 0.1 ng/L NAA and 0.1 mg/L GA3. Callus
formation and very llittle plant initiatilon.
L4.75%,

Section of Russian knapweed culture on B5 medium

with 1.0 mg/L BA, 0.1 mg/L NAA and 0.1 mg/L GA5e
Nematodes in undifferentlated tilssue. 9.8
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~ne tnysiology of tne ~0st roo< must be involved and the con-
Jertratiors of <ne nLtrients in Yne ~edlz nay make penetration sites

~ore sascertitle <o +he InZective Heterodaera schacntll larvae,

A v - = 3 n > 3 9 1 i . vsl @
ora foasue dizferantiation occcarred in callls on mediom wlen

- 2 - - ES e - -5 d - % L e -,
seozoniern~rations oI nacronutrisnts, sigar and ltaming 3R omoa., toan

- o - ey - - ~ e £l ™ L= St
¥ AL A AL T L D AITOLLTTLRLTE, 34EAY 2l JLTanirs o7 o, BT
. - - O s -~ Se -~ i v 3 - ey - L%l "t - - e X memry v
DorTl 1 ovenmatsdes Seer <0 reglire vacculax dsvelopment 1o plare tissuc s
. - - o~ . Ty %
Lrourmer cn ovanpLets vnsir life oorle ana ine resulvtg I oZavye L.t
,
. e - - - - g . e - - I - - - v
NG eby LLoooTDetoellc, T foard TRAY L. LLCOERITA <DLl 0T JTOSW Y
Tt sl rert_aton TL5IU4RL SI0TORAtT DUt &0u.d &cw and omplate Lo
St > “iszlen na il osare segres 2T AIZULAY devalopnern,
haios Do - Sy - - . % - N
D rrfacen 2t growtih resrlators nas teanl lenonstratet L Tne
LY
I S Vo ymad el A n - i g o A3 TP ayrant T oumla AF R s
D am WXiig 20 plarnt parasitic semarodes. <nen dirfarent [eveis oI 34 ana

NWAA L TLDL, Tal, .0, S0 oand 1000 "'g,/.l) wers enployed :rn experirment 2, cul-
wure crnaracteristicc  werw ifferers Tatle 3, p._1,. Bat 3till, mo
nematote enetratior oroany irdication or gall formatior toox place it

the cultarec.  In ine mediams with nfgh levels of NAA 5.0 or 0.0 m&/L,
are oW ieve.3 37 34 0.0%1, 0.l or 1.0 mg/ L), %he callus Zormeq wWas a
Iriakl- mass 38 loose +iszue .d::z\/::o ceil differen~iation., shereas in
~ediins witn lower _evels 3% NAa  3.01, 0.l or 1.0 ma/l, in -omriration

4bin nigh levels 5f BA° 5.7 or 10.0 ng/l; there was only slight shoot

[

jeveliczpnent, “edium wnicn nad low levels of both BA and NAA supported
callis formation and plantiets were initiated from the zallus. «hen

sec*isns of the callus from mediums with low levels of BA and NAA were
axaminsd, “he <issue <as found to have vascular 4ifferentiation. The

amount of rsascular 4ifferentiation in +ne tissue varied., Medium with low

worpet?
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repraduction in rlant tissue cultures demonstrate <nat plant growtr sus-
ztances ma.s wWieot nenatodes directl; as well as irndirec+ly through in-
12 o piart tissues. rusterg and Blickenstalf 1364 reporteq <nat

T

ez Kinetirn a3 adaea w tne medl s, [4nd oo oalso conwalned I, s—~dichloro-

rnerngrasatl e actl Z,--3  raprodustion o Pratylenchus penetrans and P,

» im reproduction o Do dipsaci wa.
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o L oer 2% ar., -+=7).  Barker and Darling 1%t°) reported tnat

e I otnis study, wnen the natrilent nedl i contained oniy BA and
WAk, peretraction of tne nematodes in tissue cultures was not acnieved,

i Y
bat wnen A <as added totine medium in combination wi&’;‘é%ga. and HAA,
x W

IO . . . ..
*:ematai&ffx@r.etration was obsgerved irn most 3f the cultures whetner or no+
LRI S
’;Lﬁfefg’.}tia:iongof the tissue had occurred Table S, p.37,. The nerister
- o A M

wultares Jere fixed in TAA, one monitn after they nhad beern inoculated wixh

“::1'6 ~enatodes, enbedded in paraffin ard sectlioned av 25 using a rotary
"

nicrotone, were stained witn Safranin and Fast ireen FCF. The sections

of the cultures were cbserved under the microscope in a serial manner to

estimate the percent nematode penetration. In cultures with no tissue

4ifferen-ilation the penetration was from 4 =0 10% wnhereas in tissues with

vascular development, the penetration was from 1% to 20%,
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Cell wall thickness may be an important factor in the sus-
ceptibllity of callus tissue. The cell walls of young callus tis;uea
appear to be very thin and are unprotectsd by spidermal cells which
Irobably enables the nematodes to penstrate. The increased resistance
of oldar callus may be dus primarily to increased cell wall thicknesa
(Barker and Darling, 1965).. There is clear evidence that GAj has a
aynergistic effect with other growth regulators on the cell walls.of the
treated tissusa {Zeroni and Hall, 1980) and this could account for the
penstration of the nematodes in cultures when GA3 was supplemented in the

aedia,

The medium which supported the highest differentiation of tissue
in callus (0.1 =g/L BA and 0.0l mg/L NAA in combination with three levels
of GAB) also had the highest number of plants (Figures 7, 10 and 12)
and nematode penetration (Figures 8, 11 and 13). The nematodes in thase
cultures ware present elther intercellularly (Figure 1l4) or were con-
tained in 5. cavity which had necrosis along its walls. In a laboratory ~
host specific study, the galls formed by P. picridis on some nonhost plants
had a variable response, with a central cavity oontaining nematodes but
thers was ponounced necrosis along the walls of the cavity instead of
cells containing abundant cytoplasm (Watson, 1975). The host response to
nematodes in cultures in this study was somewhat similar to the gall
tissue of the nonhost plants obaerved by Watson (1975). The only differ-
ance in the cultures in this study was that the necrovals waa not aa
pronounced. In one of the cultures oh the medium containing 0.1 mg/L BA;
0.01 ng/L NAA and 0.01 ag/L GA,, thers wvas a alight indlcation of gall
formation on one of the leaves, but only one nematode was presant in the

cavity and there were no nutritive cells (Figure $). In medium containing

t
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0.1 ag/L BA, 0.01 mg/L NAA and 1.0 mg/L GA, thers were nematodes present
in the meristematic reglon but had not penetrated the tissues (Figure 15)

indicating that P. picridis may be attracted to the growing meristem.

In cultures on medium with 1.0 mg/L BA and 0.01 mg/L NAA with
0.1 mg/L GA, (Figure 17) and 1.0 mg/L GA4 (Figure 19) the host response
to the nematodes was similar to the cultures on medium containing 0.1 ng/L
BA and 0.01 mg/L NAA in combination with the three levels of GAy. The 7
nematodes were present in a ‘cavity with some necrosis, but fewer nematodes
wers present in ithese culturess compared io the cultures on medium con-
taining O.1 mg/L BA and 0.01 mg/L NAA in combination with the three levels
of GAB’ The reducad number of nematodes could be explained due to ths
alight vascular differentiation of the tissue, with only plant initiation

and the leaves formed were thin and twisted (Figures 16 and 18).

The mediums containing 0.01 mg/L BA and 1.0 mg/L NAA, 0.1 mg/L
BA and 1.0 mg/L NAA, 1.0 mg/L BA and 1.0 mg/L NAA in combination with
three levels of GAB only supported callus growth (Figures 5 and 20).
Theres was no differentiastion of tissue in the callus and when the nema-
todes entered the callus, there was no cavity formstion nor necroasis of
the tissue around the nematodes (Pigures 6 and 21). It was probable
that the host tissue did not react to the penetration of the nematodes,

therefore no cavity formation took place.

Webster (1967b) performed a ssries of growth rsgulator studles
using Aphelenchaides ritsemabogi and alfalfa as the host plant. In medium
lacking 2,4~D nematods reproduction increased when kinetin, GAB. IAA aor
tryptophan were addod to the medium. Furthermore the combinations GA3 +



ol

TAA and GA3 + tryptophan were better tnan GA3 alone. The concentrations

of 3:\3 in his study were 10 or % mg/L and were much higher thdn the

s -
2 3

ones used in this study. ~ e

The use of tryptophan in plant tissue cultures have produced
contrsdictory results (Gautheret, 1955). Nickell and Burkholder (1950)
and Riker and jutache (1948) obtained no stimulation in the plant “issues
with this amino acld but Kulescna ang jautheret . 1945) digcoversd that 1+
displays stimulatory and formstive propertles similar to those of auxins.
it nas been demonstrated that tryptophan is the primary precursor in the
pathway of IAA bioaynthesis both in microorganisms and higher plants.
This suggestion is supported by the close chemical similarity of trypto-
phan and IAA, as well as thelr ublquitous occurrence as natural constitu-
ents of higher plants (Sembdner et al., 1980). The formation of IAA from
tryptophan has been studied both in intact plant tissues and in cell-free
preparations (Libbert et al., 1970; Schneider and Wightman, 1974, 1978),
and it has also been found that its activity is about one hundred times
less than that of IAA, that 1s, it causes the same reactionsg but at con-
centrations a hundred times higher in plant tissue cultures (Gautheret,
1955). It has been found that nematode secretions, which contain neither
auxins nor cytokinins, induce actively growing tissue to form syncytia
which usually occur in the form of a cluster of multinuclear cells with
hypertrophy and hyperplasia (Sandstedt and Schuster, 1966a). The auxins
are also not freed from the plant tissue. Instead, 1t is suggested that
nematodes enable the tissue to retaln and use endogenous auxins that
otherwise would have been transported to the basal ends of the segments
(Sandstedt and Schuster, 1966b). Webster (1967b) suggested that the

nematodes secrete proteolytic enzymes that release amino acids such as
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tryptophan in galled tissues but not in healthy tlssues and concluded
that IAA may be involved in the galling mechanism, where some of this
free tryptophan could ?ﬁsily be converted to IAA by enzymes in the nema-
tode or plant. I this occurred IAA could be the actual cause of galling
and the nematodes might cause the plants to accumulate IAA in ‘he

vizinity »f the nematodes.

noculturding of the plant parasitic nematodes, i1+ nas bzen
aemongtrated than when tryptophan was added to the medium irn combination
with :AB or Iah or botn, the nematode remroductlon lncreased significantly
Wehster, i?ﬁ?’n), where substances such as GA.,, “hat stimulate cell
activity and growth, also provide a favourable nutritional environment

for nematode multiplication.

Another possible reason why the penetration of the nematodes
took place in the cultures in experiment 4, in which the medium contained
BA, NAA amd GAB' was that the nematodes had _been in a free living state
on agar plates for a month and a half before they were inoculated in the
Russian knapweed meristem cultures. Watson (1975) had suggested that P.
pleridis larvae should remain in the soll for about two months before
they become infective. It 1s probable that the nematodes in this free
living stage bulld up aomev sort of enzyme mechaniam which makes them in-
fective, because m'drol}{tic enzymes have long been considered to be
involved in the parasitism of plants by nematodes (Chitwood and Krusberg,
1977; Deubert and Rohde, 1971; Giebel, 1974; Krusberg, 1960, 1967;
Miller and Sands, 1977; Morgan and McAllan, 1962; Myers, 1965; Tracey,
1958).
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Culture studies with A. ritzemaboal suggest that unless all
eond.ltié:ns lnvolving the nematode, the host tissue and the environment
are favourable, maximum reproduction was not achieved and this conclusion

has also been true for Heterodera rostochiensis which has failed to re-

produce in undlfferentiated potato callus or cause syncytia to form in
the callus (Webster and lowe, 1966). In this study, the penetration of
the nematodes in the cultures was achieved, but no nematode reproduction
occurred 3:n any of the cultures. It is suggested that further studies
on environmental conditions, nutrition of the host tissue in combination

~

with the hormonal factors should be conducted.



% * III  HOST PARASITE RELATIONSHIP

A. INTRODUCTION

It is not uncommon for diseased plants to manifest as part of
their pathologlcal syndrome some type of exaggerated growth disorder,
leaf épinasty, adventitious root formation, thickening or elongation of
plant parts, lack of branching, bending of stems, stunting and dis-
organized growth characteristics of tumors and galls. Although there
is a great diversity in the organisms that effect such growth disorders

on higher plants, the groups of principal importance are microbrganisms,

insects and nematodes (Mani, 1964; Viglierchio, 1971).

Galls are pathologically developed cells, tissues oxr organs of
plants that have risen mostly by hypertrophy (over growth) and hyper-
plasy (cell proliferation) under the influence of these parasitic -
organisms (Mani, 1964), They represent the growth reaction of plants to
the attack of the parasite and are in some way ;elatad to the feeding
activity and nutritional physiology of the parasite (Klster, 1911).
Nematode galls on aerlal parts of the plant develop by hypertrophy and
hyperplasia of parenchyma tissue and ug:;lly have a central cavity con-
taining nematodes ( Dropkin, 1969; Goodey, J.B., 1939,1948; Goodey, T.,
19}4,1935,1938), and a zone of cells with abundant cytoplasm that line
the cavity (M;ni, 1964), The cells whiéh line the cavity are the so
called nutritive zone, and are usually cytoplasmically rich, contain
fragmented vacoules, exhibit nuclear'and nucleolar hypertrophy, rich in
mitochondria, and contain high cnncentrations of lipids, hydrolytic
enzymes, and amino acids (Maresquelle and Meyer, 1965; Meyer, 1969).

Plant endoparasitic nematodes have evolved -the ability to induce morpho-

' o4



Q
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According to Viglierchio (1971) nematode gallc are simply peth-
ological swellings or enlargements qﬁ plant parts, lrrespective of
histological organization or struct;re. He stated that syncytia (glant
cells) are not present and no specialized cell types occur except in galls

on Andropogon pertusus ¥1lld. caused by Nothanguina cecidoplastes (Goodey,

1934) Whitehead, 1959 . These galls have a well differentiated structure
with distinctive cell types (Goodey, 1934). There is an innermost nutri-
tive zone surrounded by a zone of strong walled cells which show secondary
thickenings. The nutritive cells close to the gall cavity are enlarged,
rounded to rhomboldal in shape and containing granular cytoplasm. The
nucleus is enlarged with 2 to 3 nucleoll. The cells are vacuolated with

no intercellular spaces. They have thin walls and no chloroplasts. Qutside
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response 27 oo different rosts “w o wne parasite’s attack. Skinner et al.
(1980) examinei the ~istopathogeresis »f the follar galics induced by

Nothangulna pryllobia Thorne in Seolanum elaeagnifolium Cav. They concluded

that the exceptional blomass of the galls support the loglc that S.

elaeagnifolium granular cells transfer cell-like in nature and nake up a

tissue that functions as a physlological sink. The mechanisms by which

the nematodes trigger the development of granular cells is not known.

Harris (1973) designed a scoring system for determining the
relative effectiveness of biologlcal control agents, and his approach
was to select for minimum host-parasite homeostasis. He stated that
.8lnce gall formers have evolved a homeostasis with thelr hosts makes them
incapable of causing serlous damage. Parasites that have had a long and
close association with a host do not severely restrict its abundance as

there has been a selection for resistance (Pimentel, 1961)., This
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Yolic azpect - :.¢ch & mechanli3m, «ners Leaves Jith nelr snotosyninetic
capacit: <wypl:al.y o2onstivtutle “ne 304Tcw 'ar ~Xportling storagse organ
would al30c consiizute a sourcs, and any nor pooctosyntheslizing, growing
or metavclizing *iszsue might constitute the sink. Hoots, developing
fruits, flowers, growlng stem “ips and galls are common examples. The
bulk of iranslocated material, about nine-tentns or more, consists of
carbohydrates (Zimmermann, 1960) with sucrose and oligosaccharides the
predominant translocated sugars (Biddulph and Cory, 1957; Kursonov et al.,
1958; Pristupa, 1959; Swanson and El-Shishiny, 1958). Besides sucrose,
glucose and fructose have been reported in smaller amounts (Zimmermann,
1960).

The granular cytoplasm and pronounced nuclear activity are charac-
teristics that werse observed in the nutritive tissue in the galls of numer-
ous cecidozoans (Dropkin, 1969; Goodey, J.B., 1948; Goodey, T., 1934,

1938; Kostoff and Kendall, 1929; Mani, 1964; Rebois et al., 1975;
Skinner et al., 1980; Watson and Shorthouse, 1979; Westphal, 1977). Closer

examination of several nematode specles with electron microscopy revealed
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T+ nas teen sugRested Lhat syncyiia g£lant cells' lnduced ty
nematodes are multinuciesate form of zransfer cells 'Jones and Northceote,
17722,1972% ). Wormal transfer czells are ihought to supply organic
nutrients *o plant tilssues which are actively growing or secreting but
nematode~induced transfer cells are thought to supply organic nutrients
to the nematode (Bird and loveys, 1975). Pate and Gunning (1972) in
their review of the transfer cell pointed out that there is little inform-
ation on their physiologlcal role. Bird and loveys (1975) showed that
the nematode-induced transfer cells. and the nematode act as 'sinks'. The
uptake of carbon compounds in these nematode-induced cells increased at a
time when there was maximum growth and activity of transfer cell-like
syncytia and their components. It was also observed that the organic
nutrients required by these nematodes originated, at least in part, from
the products of current photosynthesis and would thus presumably be trans-—
located to the nema\tode via the phloem (Bird, 1962; Bird and Iloveys,
1975). Some work on histochemistry of nematode-induced transfer cells
has been done by Gommers and Dropkin (1977), but little work has been

done on blochemical changes in plant tlssues injected with nematodes.
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especially rich in rinhydrin-posizive compourds. DeMott (1365) estimated
tha+ nexose monophosphate pathway was 14 to 18 times more active in galled

roots than in non-infected tissue. ;

Paranguina plcxridis is a2 highly specialized parasite. The

nematode has a histospecific and exceptionally pronounced effect on the
morphology of its host. Kirjanova and Ivanova (1969), and Watson (1975)
have proposed using P. picridis as a blologlcal control agent of Acroptilon
repens. Subsequent studles on host specificlty, virulence, distributlon
and behavior of the nematode have demonstrated its sulitabllity as a blo-

control agent (Watson, 1975; Watson and Harris, in press).

This study was performed to investigate the effect of the galls
on the plant. The nutritive zone in the galls is massive compared with
that of most gall-forming nematodes, and although chlorophyll occurs in
the outer layer of the wall surrounding the central cavity, 1t probably
contributes but a small fraction of the photosynthates required for gall
development. It is assumed that the nutritive cells act as powerf}ll
'physiologlcal sinks' attracting assimlilates of the plant to the gall and
gall-maker. If it is correct, the galls induced by P. plcridis on Russilan
knapweed are constructed largely from translocated assimllates and impose
a considerable energy draln on the plant. The carbohydrate accumulation

by the galls was investlgated with the ald of radloactlive tracexs.
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Pt MATERZ .,

Fugslan «napweed roors Jere collected fronm <be fleld study site
or. ne Macdonald Tampus of MceGill Jniversity, 3te. Anne de Bellevwvue,
~uebec, and after washing, they were cut into 10 cm segments. The root
segments were povted in vermiculite in 15 cm diameter pots. The pots
ware placed in a growth chamber with the same environmental conditlons as
described in the previous section. The pots receilved an excess of modif-
jed Hoagland's solution every second day and on alternate days received
gufficient distilled water to reach saturation. Once the plants enmerged,

|
they were inoculated with nematodes in a manner similar to that described
by Watson (1975). Crushed gall material was mixed in 500 ml of distilled
water and was continuously agltated for about & hr by bubbling air through
it. Once the nematodes emerged, the suspension was flltered through a
cheese cloth to obtaln a clean nematode suspension. Ten ml of this sus-
pension containing about 2000 nematodes was applied to the vermiculite
surface., After about one month, the top growth was removed from all the
pots. Gall formation was recorded on the shoots that subsequently
emerged., At least one to three galled plants appeared in each pot. The
galled plants were then separated and repotted in vermiculite in 8 cm
diameter pots, making sure that the volume of the roots and also the size
of the shoots were approximately of the same size. The plants were left to
grow in the growth chamber for about a month for the galls to attaln
maturity. If secondary plants emerged, they were cut off. Control plants
were also grown in the same way, the difference being that they were not
inoculated with the nematodes, and hence there was no gall formation. When

these plants were repotted in vermiculite in 8 cm diameter pots, their root

e
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voLrume and size of the snoot was approximately the same as 1n galled
plants., All plants were watersd with modifled Hoagland's solatlon as

nerntioned befora,

1,
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Iroups «2re:
Salled plants:
A - plants with
B - plants with

C - plants with

. Plants «ere 2lassified on the basis of lear wmargin and posizion of

with only one gZall were se2lected for this study. The

lobed leaf margins and lyrate leaf, gall on leaf.
entire leaf margins and spatulate leaf, gall on petiole.

entire leaf margins and spatulate leaf, gall on leaf.

Nongalled plants:
A - plants with lobed leaf margins and lyrate lsaf, no gall (control).
B - plants with entire leaf margins and spatulate leaf, no gall (control).

C - plants with entire leaf margins and spatulate leaf, no gall (control).

Three replicates were assigned per group. Visual condition of
the gall was noted on a scale of 1 to 4 where 1 stands for green fleshy
galls, 2 stands for green non-fleshy galls, 3 stands for brown non-fleshy
galls and 4 stands for brown dry galls (Table I - Appendix).

4

The plants were taken to the radiotracer laboratory and 0.005 ml
of Fructose D- [lMC(U)] - was injected into the stem of each plant with a
microsyringe (229.185 MBq/plant).\ The isotope was obtained from New England
Nuclear with a sﬁecific activity of 200-300 mCi/mmol. with a concentration
of 1 mCi in 10 ml ethanol:water (9:1). The plants were taken back to the
growth chamber and placed under conditions specified above. One plant from
each treatment was taken and incubated for 12, 24, and 36 hr, respectively.
After the allotted time for translocation in each plant, the plants were

§

harvested and separated into:
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TALL -~ Lotal Tall-s

“

AR - rotal leaves
00T ~ +otal rools

STiM, L - toral stem of plant in whach radioactivi.wy was in ected,

Tne fresh weights af eacnh plant part (l.e. gall, leaf, root or
stem.{) was recorded. The fresh plant tissues were dried overnight in an
oven at 60°C and the dry weights were recorded (Table I - appendix). Each
plant part was finely ground and samples of 10 mg dry welght were prepared
for ligquid scintillation counting (for procedure see Appendix G). If the
plant part was larger than 30 mg dry weight (e.g. leaf, root or stem.X)
then at least three samples were prepared which were from top, middle or
bottom, and for parts larger than 10 mg dry weight but less than 20 mg dry
weight (e.g. galls) one sample was prepared. FEach sample was counted four
times with a Nuclear Chicago IS@gAP/300 liquid scintillation counter and
the counts obtained were corrected for background. Since there was no
significant difference between the counts obtalned in samples from the

same plant part, their means were used for further analysis.
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TAPRETMENT 2, (4. ;02)

3irce tne ingection of the radiocactive material into the plant
in 2xperiment L Jas done by a microsyringe, it was thought tnat tne injury
caused by injecting might »+ affecting the translocation in the plant
i R.L. Pelletier, personal communications). Therefore another experiment
was designed in which the whole plant was put in a chamber through which

s
lLCOE was passed. The circuit was a closed system in which 14002 was

generated when 50% lactic acid solution reacted with BaluCOJ in the COZ
generator. The system had a pump (Portable Masterflex Sampling Pump)
which regulated the flow of quOZ and it also had a 1“c02 absorber which

contained NaOH (Figure 22).

Fifteen plants of approximately the same age (45 to 50 days old)
were selected and were divided into three groups on the basis of number of
galls per plant. The approximate age of the galls was 30 to 40 days. All
plants Had spatulate leaves with eAtire leaf margins. The groups were:
Galled plants:

A' - plants with one gall in the meristem reglon. s
B' - plants with two galls; one gall in the meristem region and another
gall on a leaf.
Nongalled plants:
¢' - plants with no galls (control).

BAM00., (hot) was obtained from New England Nuclear with a

3
specific activity of 5 mCi/mmol, the concentration obtained was 1 mCi in

39.5 mg of Ba.lU(COB. To this, 960.5 mg of Ba003 (cold) was added so that

when 5 mg of Ba.CO3 + Ba.luco3 was taken, it contained approximately 0.185

I

MBq of radioactivity. Fifteen L CO2 generators (injection bottles) were

prepared, each contalning 5 mg of BaCO3 +-Balu003.
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Tne plants Jere iaken Lo the radiotracer laboratory. A plant

; ; L+
wa.s placed 1n the 302 chamber plant shamber), and the chamber was
¢

salad alr -1zht using vaseline. 3top cock 7rease was used to seal any
o~her connections in the system. Rubber tubing was avoided because oz

1%s rather high permeability to JOZ. 'nerefore 'Tygon' tubing was used
Werser et al. 1902). Bends and joints in glass tubing were also checked
far leaks. IZxtreme care was taken not to handle the plaats excessively

and plants were well watered at all times to prevent water potential de-
creases (water stress increases) which result in stomatal closure. This
effect can predominate over low CO2 and bright light (Salisbury and Ross,
1969). Once the plant was in the chamber, valve I was closed and valve II
opened. The pump was turned on, air circulated through NaOH and 002 present
in the system was absorbed (low CO2 partial pressure). The lights were also
turned, on at this point. The Lamba LI-185 lnstrument with quantum sensor
was used to measure quanta in the Photosynthetically Active Radilation

(PAR) spectrum between 400 and 700 nm (visible wave length) range received

—l) on the

7

on a plane surface. It was found to be 57 microeinsteines (m-zs
photosynthesing leaves (where one microeinsteines equals 6.034% x 10
photons). The system was left running for 30 minutes to ensure that the
stomata were open. Stomata typlcally close in darkness and open in light.
Opening in light appears to be brought about by a photosynthetic lowering
of CO2 partial pressure within the leaf. The CO2 inside the leaf controls
this response (Salisbury and Ross, 1969). After 30 minutes valve I was
opened, valve II closed and 3 ml of 56% lactic acid solution was ilnjected
into the 14002 generator with a hypodermic syringe. The system was left
running for a period of 15 minutes. After 15 minutes, the lights were
turned off, valve I was closed and valve II opened, and NaOH was injected

into the luCO2 generator. The system was left running for another 15
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minutes for excess 1“'002 to- be absorbed. The plant was removed and the
procedure was repeated with all 15 plants. Treated plants were returned
to the growth chamber and placed under normal conditions for 24 hr for
translocation to take place. Arfter 24 hr the plants were harvested and
separated into gall in meristem region (GALL 1), gall on leaf (GALL 2,
leaves (LEAF), roots (ROOT) and stem (STEM), and were treated in the same
nanner as ln experiment 1. After the fresh and dry weights of the tissues
and condition of the galls was recorded (Table II - Appendix) each plant
part was finely ground and samples of 10 mg dry welghts were prepared for
liquid scintillation counting. In the previous experiment, since there
was no significant difference between the counts obtained in samples from

the same plant part, therefore only one sample per plant part was

prepared.
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EXPERIMENT 3. (c”oz)

1‘Altl’n:vugh galls contaln some cﬂlorophyll in the outer layer of
the wall surrounding the central cavity, it l1s assumed that it contrib-
utes but a small fraction of the photosynthates required for the gall
development (Skinner et al. 1980). This experiment was conducted to
demonstrate that the galls induced by P. picridis on Russian knapweed are
constructed largely from the translocated assimilates ?ndAlmpose a con—

slderable energy drain on the plant. )

Forty plants of approximately the same age (50 to 60 days) were
selected and were divided into fouf groups (10 plants/group) on the basis
of the number of galls per plant. . A1l plants had spatulat? leaf with
entire leaf margins. If the plants had galls, the age of the galls was
35 to 40 days. The condition of the galls was recorded (Table III of
Fresh wt/Dry wt. - Appendix). The groups were:

Galled plants:

A" - plants with one gall in the meristem region.

B" - plants with two galls; one gall in the meristem region and another
gall on a leaf.

C" - plants with three galls; one gall in the &erlstem region, second
gall onla leaf below meristen, Ehird gall OA leaf below the second
gall.

Nongalle? p. .nts: "

D" - plants with no galls (control).
AN

The procedures outlined in experiment 2 were followed ‘with one

exception. Instead of putting the whole plant 1n the 1“002 chamber only

14

one leaf without gall was treated with ~ CO The leaves which receive

2.
this treatment are called presentation leaf, and are indicated by X.LEAF.

~r



EXPERIMENT 4 (AUTORADIOGRAPHY)

Since the data obtained from liquid scintillation counting
glves only the quantitative representation of the results, a similar type
of experiment using autoradiographic techniques was conducted to give
qualitative representation of results in which 16 plants of approximately
the same age .30 0 &0 days) which were grown under ‘he conditions out-
lined in experinent 1, were selected. Half of these plants nhad galls and

the age of *+he zalls was from 3% *o 40 days.

The plants were taken to the radiotracer laboratory and one leaf
|

L
{presentation leaf! from the plants was pu* in the = 20, chamber with an act-

ivity of 0.185 ¥Bg. Tne procedures outlired ir experiment 3 were followed.

Jrnce as. the piants received *his trsatmen<, they were taxen
back to tne Zrow.n chamber and placed under normal onditions for 24 hours
for transiocation %o take place. After 24 nours, + plants with zalls and
+ without zalls were kllled by pz:essing them on a hot plate and the other
nalf were harvested and separated into gall, leaf, root, stem and present-
ation leal? and Tixed in FAA. Once the tissues were fixed, Zhey were dae-
hydrated through a TBA series and embedded in paraffin wax following the
procedares outlined in Appendix ¥. Sections of the smbedded material were
cut at 25 using a rotary microtome and adhered to microscope slides
using Myer's albumen. The thickness of tissuve must be kept in mind when
comparing stem, root, leaf and gall autoradiographs, as cosparisons can

only be made between tissues of similar thickness.

The presaed plant spscimens and the sectional materlal were
taken to a darkroom and placed in contact with KODAK SAFETY FIIM NS uaing
film holders and left in the dark. To protect the film from damage a

layer of 'SARAN WRAP' was put in between the specimen and film.
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The pressed plants were left in contact with the film for 7
days and tl}é sections for 21 days. After the allotted time, the film was
removed ffom the holders and developed in D~19 developer at 20°C for 4

minutes.

“
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ANALYSIS OF DATA

The data were analysed as a completely randomized design té)
evaluate the effects of the galls on the plant. The number of galls per
plant were assigned as treatments and the plant part was considered as a
variable. Since the coefflcient of variability was very high in counts
per minute per 10 mg dry weight sample and disintegration per minute per
plant part, square root and natural log transformations were applied to
the data. Analysis of variance was conducted and Duncan's Multiple Range
Test was used to locate significant differences among the variables
within treatments on the original and transformed data. Student pair
't' tests were used to locate differences between treatment means of
galled and nongalled plants within variables. A correlation was also done
between the counts per minute or disintegration per minute and the fresh
welgh*t/dry weight ratio, taking ir account the position and condition of

the galls.

T T T D U S
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III.C. . RESULTS

The counts obtained from the samples are the measurements of
radiation, and are the external ipdication of a device dealgned to
enumerate 1on:£zling events., It may refer/ to, a single detected esvent or
to the total registered in a given period of time. The term is loosely
used to designa.te‘ a disintegration, lonizing event or voliage pulse.

The average rate of occurrence of lonizing events as observed by means of
a counting system (liquid scintillation counter) is the counting rate and

is usually expressed as counts per minute (CPM).

Although most radiocactivity work involves relative or compar-
ative measurements for a serles of samples, 1t is sometimes desirable to
know the actual amount of radioactivity material present. T;mv quantity
of a radionuclide present in’ a source can be exprsssed as a weight, a
number of atoms or a disintegration rate. The disintegration rate is the
rate of decay of radiocactive substances and it is usually expressed as

disintegration per unit time.

Using samples with known amount of radioactivity (Tabls IV -
Appendix) a Carbon-14 Standard Quench Curve is plotted (Pigure I - Appendix)
with the counts obtained for the Automatic External Standard (AES) as the
dependent variable Y and efficiency of the counter as the independent
variable X. Using these valuss in the regression equation Y = o + i X,
the Y-intercept ( §o) and the slope of the regression line (i) is ob-
tained.

The sfficiency of the plant samples 1s then determined (Tadle IV -
Appendix). The efficliency is considersd to be a msasmaze of the probebility
that a count will be recored when radiation is incident on the detactor.

The usage varies cousidersbly, therefore it is impoxtant to know which
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factors ‘window transmission, sensitive volume, energy dependence, etc.)

are included in a given case and therefore 1n these experiments the con-

version factor was found to be 1.67.

The counts obtained for the automatic external standard for the
samples used in these experiments were used to find the efficilency from
+he Carbon-14 3tandard quench curve and dividing the counts per minute
from channel B which is for Clu with the efficlency glves the disinte-
gration per minute {DPM) for 10 mg dry welght samples. This value of the
iisintegration per minute when multiplied with the dry weight (mg) of the

plant part gives the total disintegration per minute for the plant part.

An important part of a report of the results of any experiment
is an indication of the reliability of the results. This is particularly
important when slightly different results would lead to major changes in
the interpretation of the results. The results obtained for the plant
parts were in counts per aminute for the ga:ple of 10 ag dry welight. The
very nature of the process of radioactive decay and the properties of
the radiation emitted lead to exrrors in radioactivity messurements, If
all the sources of error are taksn into consideration, the next problem
which arises is whether all the radioactivity which is supplied to the
plant, enters it or not, which means that whether the stomata of the
plant wers open or not at the tina when the lsaves were in the 1“002 plant
chamber. There is no certainty as to the nuaber of stomata wh!.ch wars
open at the time when the leaves were left to photosynthesise in l“coz
chasber. The ocounts obtained for the same plant part from different plants
in the same experiment (replicates) had a very high coefficient of vari-
ability, therefore the data was presented as percent counts pexr minute
and square root and log transforsations were also applied to the data.

Since the counts per minute or the transformed data gives only the

/
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quantitative representation of the results, therefore, for comparative
studies, frequency bar charts were plotted which glves a better visual
presentation of this study, using the means of percent counts per
minute, sguare root «if counts pex minute, natural log of counts per
minute, percent d.iaint:egration per minute, square root of disintegration
per ainute and natural log of disintegratlon per mlnute with a ZETA

PIOTTER using the Statistical Analysis System.
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EXPERIMENT 1

Since time (12, 2% or 36 hr) did not play a significant role in
the translocation of the assimilates, all the plants in each treatment

were treated as one.

The fresh and dry weights of different parts of the galled and
nongalled Russian knapweed plants injected with Fructose D [1uC(U)] - is
shown in Table I of the Appendix and the radiocactivity recorded from
these parts for 10 mg sample corrected for background in counts per

minute is shown in Table V of Appendix.

A correlation betiween counts per minute recorded in 10 ng dry
welght gzall samples or diaintegration per minute rscovered in galls with
fresh weight/dry weight ratic of the gall parametsrs shows that the cor-
relation coefficient for counts per minute was 0.77241 with a probability
level of 0.0147 and the correlation coefficlent for disintegration peg

minute was 0.54207 with a probablility level of 0.0623.

The radioactivity in counts per minute for 10 ag dry weight
samples in different parts of galled and nongalled Russian knapweed plants
vhich were injected with Fructose D [“‘c(u)] - (Table V - Appendix) had
71.0 to 95.7 percent coefficient of variability. The data was therefore
transformed and average values were taken from the transformed data.
Table 6 shows the mean distribution of radioactivity in the galled and
nongalled plants as percent counts psr minute. 3quare root of counts per
minute and Natural log of counts per minute. Student pair 't' test was
performed on the data comparing different parts of galled and nongalled
plants and it was found that the leaf was only plant part significantly
different at the 5% level. The galls of the Russian knapweed plants show
the highest accumulation of radicactivity on mean perceant counts per



minute basis for 10 ng dry weight sample which was about 64.8%. This
percentage indicates the °*sink activity' of the galla. Figures 23, 24,
and 25 shovw the distribution of radioactivity in galled and nongalled
Russian knapweed ﬁlmtu and the significant differences between the plant
parts at 5 percent level, when the values in Table 6 are used to plot the

frequency bar charta.

The total amount of radioactivity recoversd in galled and non-
galled Russian knapweed plant parts in disintegration per minute is shown
in Table 7. The highest radiocactivity recovered in the plant part after
treatment with Fructose D [ 1'C(U) ] - was in the leaves. When comparidons
between the galled and nongalled plant parts were made using student pair
't test, the leaves of the galled and nongalled plants wexe significantly
different at the 5% level. The galls accumulate about 23K of the radio-
sctivity which indicates the ‘'sink strength’ of the galls. The trans-
location of radicactivity towards the galls was mainly froa the leaves.
Using the values 1n Tsble 7, frequency bex cherts were plotted (Figuree
26, 27 am 28).
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Table 6. Distribution of radioactivity in galled and nongalled Russian
knapweed plants injected with Pructose D [1l4C(U)] -. These
averages values ars obtained ﬁ):ol the data presented in Table
Vof Appendix. (Experiment 1) )

Pa

Group* Counts per minute (CPM) recorded in 10 mg dry
(Type of wt. ssaples after treatment*t .
plant) ' GALL LEAF ROOT STEM. X
Galled Mean % 64,79 10.16 3.40 21.64

CPM
hmlld ‘ - 57031 2.12 M-S?
Galled Mean sq.rt. 153¢56 43.80 21.42 76.45
of CPM
Nongalled - 144,51 25,48 123.33
+ log 0{
W CPM = 9.81 60“0 9:“’1

* Group Galled - plants with lobed or entire leaf margin, lyrate or
spatulate leaf, one gall on leaf or petiocle.

Nongalled ~ plants with lobed or entire leaf margin, lyrate
or spatulate leaf, no gall (contrel)

= Student pair ‘t' test comparing galled and nongalled plants parts.
Means within a columm are not sigmifioantly different at a % level
sharing the same line within a section.
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Figure 23. Comparing the distribution of radioactivity using

neans of percent counts per minute recorded in

"10 ng dry weight samples (Table ), in galled and
nongalled Russian krmpweed plants injected with
Pructoss D [1¥C(U) ] -. Bars topped with same
letter are not significantly different at the 9%
level using a Student pair 't’' test, when galled
and nongalled plant parts sre compared.
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Pigure 24. Comparing the distribution of radioactivity using
neans of the square root of counts per minute re-
corded in 10 ag dry weight samples (Table 6) in
galled and nongalled Russian knapweed plants
injected with Fructose D [luc(u)] -. Bars topped with
same letter are not significantly different at the 5%
level using a Student pair ‘t' test, when galled and
nongalled plant perts are compared.
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Mgure 25.

Comparing the distribution of radioactivity using
neans of the natural log of counts per minute re-
corded in 10 mg dry weight sawples (Table 6) in
galled and nongallied Russian knapweed plants in-
jected with Fructoss D [X*C(U)] -. Bars topped with
same letter are not significantly different at the
5% level using a Student pair 't’ test, when galled
and nongalled plant parts are compared.
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Table 7. Total radloactivity recovered in galled aniunongalled Russian
knapweed plants inJjected with Fructose D [~ C(U)] -. These
average values are obtained by calculating the disintegration
per minute (DPM) from the data presented in Tables I and V of

Appendix (Experiment 1) ‘

Group* luC activity recovered in plant part after
(Type of treatment **

plant) GALL LEAF ROOT STEM. X
Galled  \o.0o o 23.04 33.35 20.04 23,56
Nongalled Db - 67.75 747 24,78
Galled Mean sq.rt.  25L+45 291,24 169.76 262,01
Nongallea ©°f PPM - 715.10 2%.01 395.73
Galled 0. ..o 10.53 10.89 9.95 10.80

Nongalled 108 ©f DPM - 13.09 10.61 11.59

* Group Galled -~ Plants with lobed or entire leaf margin, lyrate or
spatulate leaf, one gall on leaf or petiole.

Nongalled -~ Plants wlith lobed or entire leaf margin, lyrate
or spatulate leaf, no gall (control).

= Student palr 't' test comparing galled and nongalled plant parts.
Means within a columm are not significantly different at the 5%
level sharing the same line within a section.
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Flgure 26. Comparing the distribution of total radioactivity
using means of percent disintegrations per minute
recoversd in the plant part (Table 7) in galled
and nongallad Russian knapweed plants injected with
Fructose D [X¥c(U)] = Bars topped with same letter
are not significantly different at the 5% level using
a Student pats "%’

plant parts are .
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Figure 27,

Comparing the distribution of total radioactivity
using means of the aquars root of disintegrations
per minute recoversd in the plant part (Table 7) in
galled and nongalled Russian knapweed plants injected
with Fructoss D [2¥C(U)] -. Bars topped with same
letter are not significantly different at the %
level using a Student pair ‘t' test when galled

and nongalled plant parts are coupared,
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Figure 28. Comparing the distribution of total redicactivity
uging asans of the matural log of disintegrations
per ximite recovered in the plant parts (Tabls 7) in
galled and nongalled Bussian knspweed plants injected
with Fructoss D [X¥C(UJ] -. Bars topped with same
letter are mot significsntly different at the 5%
level using a Student pair 't’ test when galled and
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EXPRRIMRT 2

' The fresh and dry weights of different parts of, the galled

and nongalled Russian knapweed plants which wers treatsd with radioactive
@, 1n the %0, chasber 1s recorded in Table IT of Appendix, and the
radiocactivity measured from these parts for 10 ag dry weight samples
corrected for background in counts per minute is shown in Table VI of
Appendix. ’

Since the whole plant was treated with 1“(1)2 in the 1“(::)2
chamber, about #4%-0of the radiocactivity was retained by the leaves
(Table 8 and Figures 29, 30 and 31), and the leaves do not ahow a signifi-
cant difference at 5% level when a Student pair 't‘' test was performed
comparing galled and nongalled plants, whereas roots and stem shovw a
significant differsnce at the 5% level. The percent counts per minute
recorded in the 10 mg dry weight samples of the galls was sbout 42%,
which indicates 2 high 'sink activity’.

Table 9 and Pigures 31, 32 and 33 show the total amount of
radicactivity recovered in the galled and nongalled Russian knapweed
plant parts in disintegration per minute. The leaves had retained most
of the radioactivity compared to the roots and stem. On the basis of

—

percent Digintegration per minute recovered in the plant parts, a
ﬁmtm't'mmmmw’mmm
significant differsnce st the 5K level but when square root and natural
log transformations were applied to the dats, roots and stem of all
@alled plants and leaves of plants with two galls show significant dif-
ference at the 55 level when compared with nongalled plants. The galls
roots and stem.
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Table 10 indicates a positive corrslation between the counts
per minute or disintegration per minute with the fresh weight/dry weight

ratios of the galls, but it was not significant at the 5 percent level.

T T S T T




Table 8., Distribution of radiomctivity in galled and nongalled Russian knapweed plants which
photosynthesised in 1 2 chamber. These average values are obtained from the data

presented in Table VI of Appendix. (Experimént 2)
Group* Counts per minute (CPM) recorded in 10 mg dry welght
(Ty;z of saaples after treatment*
plant) GALL 1 GALL 2 LEAF ROOT STEM
Plants with 2 galls B' ., 35,40 7.42 53.35a 1.48b 2.35%
NONGALLED C' - - 70.60a 14.05 15.35a
GALLEp P1ents with 1 gall A' - 123.73 - 152,18a 22.44b 32,65
Plants with 2 galls B’ root of 130,74 52.85 157.12a 21.35&:_ 30, 50b
NONGALLED C' CP - - 116.75a 45,168 53.63a
GALLED Plants with 1 gall A' natural 9.60 - 9.92a 6.10a 6.77a
Plants with 2 galls B'log of 9.64 7.76 10.02a. 5.,62b 6. 59
NONGALLED C' CPM - - 9.47a 7,48 7.9%a

# Group (Flants with entire leaf margin and spatulate leaf)
Galled - A' - Plants with one gall 1n the meristem region.

B' - Plants with two galla, one gall in the meristem region and another gall on
a leaf.

Nongalled - C' - Plants with no galls (control).

** Student pair 't' test comparing galled and nongalled plant parts. Means within a column followed
by the same letter within a section are not significantly different at the 5% level.

£ot
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Figure 29.

L

Comparing the distribution of radioactivity using
means of percent counts per minute recorded in 10

mg dry welght samples (Table 8) in galled and non-
galled Rusaian knapweed plants which photosynthesised
in 1“coz chamber. Bars topped with same letter are
not sigmificantly different at the 5% level using a
Student pair 't' test, when galled and nongalled

plant parts ars cospared.
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A' - Plants with one gall in meristem region.

B' - Plants with two galls, one gall in meristem
region and another gall on a leaf.

C' - Plants with no galls (control). ¢

Flgure 29




Comparing the distribution of radioactivity using
means of the square root of counts per minute
recorded in 10 mg dry weight samples (Table 8) in
galled and nongalled Russian knapweed plants which
photosynthesised in 1“002 chamber. Bars topped with
same letter are not significantly different at the
5% level using a Student pair 't' test, when galled
and nongalled plant parts are compared.
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C' - Plants with no galls (control).
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Mlgure 31. Comparing the dim-ib&uon of radioactivity using
the means of natural log of counts per minute
recorded in 10 mg dry weight samples (Table 8) in
galled and nongalled Russian knapweed plants which
photosynthesised in 1L’coz chamber. Bars topped with
same letter are mot significantly different at the
9% level using a Student pair 't’' test, when galled
and nongalled plant parts are compared.
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A'~ Plants with one gall in meristem region.

B'- Plants with two galls, one gall in meristem region
and another gall on a leaf,

C'~ Plants with no galls (control).

Flgure 31

109

P T T



Table 9. Total radioactivity recovered in galled and nongalled Russian knapweed plants which
photosynthesised in 1'*m2 chamber., These average values are obtalned by calculating
the disintegration per minute (DPM) from the data presented in Tables III and VI of
Appendix. Efg_pg;

iment 2)
Group* 11&0 activity recovered in plant part after treatment**
(T’J P;)“ GALL 1 GALL 2 LEAF ROOT STEM
GALLED Plants with 1 gall A' Mean % 6,24 - 85,68a 6.77a 1.31a
Plants with 2 galls B' °F" 17.07 4,31 66.77a 2.39a .45
NONGALLED C - - 73.04a 23.63a 3,33
GALLED Plants with 1 gall A' Mean sq. 172.93 - 692,67a 161,2% 68.90b
Plants with 2 galls B'gg;t of 180,41 73.05  404.79>  104.98b 79.25b
| NONGALLED C* - - €98,.72a 336.37a 148, 35a
GALLED Plants with 1 gall A' Mean natural 10.24 - 13.01a 10.09b 8.30b
| Plants with 2 galls a%';g of 10.25 8,37 11.86b 8.77b 8. 50b
\ NONGALLED ¢* - - 13.04a 11.74%a 9.97a

\ * Group (Plants with entire leaf margin and spatulate leaf)
‘ Galled - A' - Plants with one gall in the meristem region.

| B' - Plants with two galls, one gall in the meristem region and another gall
\ on & leaf.

Nongalled - C' - Plants with no galls (control),

** Student palr ‘t' test comparing galled and nongalled plant partas. Means within a column followed
by the samé letter within a section are not significantly different at the 5% level.
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Figure 32.

Comparing the distribution of total radidactivity
using means of psrcent disintegrations per minute
recovered in the plant part (Table 9), in galled

and nongalled Bussian knapweed plants which photo-
synthesised 1n 2900, chamber. Bars topped with same
letter are not significantly different at the 5%
level uaing a Student palr 't’' test when galled and
nongalled plant parts are compared.
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Figure 33. Comparing the distribution of total radioactivity
using means of the square root of disintegrations
per minute recovered in the plant part (Table 9)
in galled and nongalled Russian knapweed plants
wiich photosynthesised in 140, chamber. Bara
topped with same lstter axe not significantly
different st the 5% level using a Stuient pair ‘t’
test whett galled and nongalled plant parts are
compared.
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Figure . Comparing the distribution of total radiocactivity
uxing means of the natural log of disintegrations
per minute recovered in the plant parts (Table 9)
in galled and nongalled Russian knapweed plants
wiich photosynthesised in 1'00, chamber. Bars
topped with same letter are not significantly
different at the 5% level using a Student pair 't’
test when galled and nongalled plant parts are

compared.
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B* -~ Plants with two galls, ons gall in meristem rsgion,
and one gall on a leaf.

C' - Plants with no galls (control).
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Table 10.  Correlstion coefficients of Russian knapweed parameters (Experiment 2)

Counts per minute Diaintegration per minute
Russian knapweed psrameters recorded in 10 mg recovered in total dry
dry wt. gall samples welghts of galls

Plants with Fresh/Dry weight ratio 0.35768 0.41048
1l gall of the gall in

meristem region 0.5543 * 0.4924
Plants with Fresh/Dry weight ratio 0.82712 0.70730 -
2 galls of the gall in

meristea region 0.,0840 0.1815%

Fresh/Dry weight ratio 0.70492 0.68815

of gall on a leaf
0.1837 0.1990

* Probability level

21T
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EXPERIMENT 3

The data obtained was treated basically in the same way as
experiment 2. Table III of the Appelndix shows the fresh and dry weights
of different parts of the galled and nongalled Russian knapweed plants
from which one leaf without a gall was treated with radloactive CXJZ in
the 14(1')2 chamber. The radiocactivity in coun:bs per minute, corrected
for background for 10 mg dry weight samples measured from the different
plant parts is shown in Table VII of the Appendix.

In this experiment, only the ®presentation leaf' (X.LEAF) was
treated with radioactive l1"(302, and the translocation of the radio-
activity to the other parts of the plant was from the 'presentation leaf’.
Table 11 and Figures 35, 36 and 37 show the distribution of radioactivity
in counts per minute for galled and nongalled Russian knapweed plant
parts of 10 mg dry welght samples. The ‘presentation leaf' retalns about
5% of the radiocactivity in the galled plants and about 17% in the non-
galled plants, the difference is significant at 5 percent level. The
indication of the 'sink activity' of the galls 18 noticed from the results.
The galls accumulate from 30% to 45% of the radloactivity, which was
mainly translocated from the leaves in all galled plants and also from
the root and stem in plants with more than one gall. When a student palr
't' test was performed comparing the galled and nongalled plant parts, the

difference was significant at 5 percent level.

When the total amount of radioactivity translocated and recoversd
in the galled and nongalled Ruasian knapweed plant parts in disintegration
per minute was calculated (Table 12 and Figures 38, 39 and 40), the 'pre-
sentation leaf' (X.LEAF) retained most of the activity in the plants with
two galls, but the difference was not significant at the 5 percent lesvel.
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In the nongalled plants the leaves accumulated the highest amount of
radioactivity which was about 50% and when compared with galled plants,
the difference was significant at the 5 percent level, whereas roots
and stem of the galled and nongalled plants wére not significantly
different. The galls accumulated 16 to 35 percent of the radioactivity

which was translocated from the leaves mainly.

When square root transformations were applied to the data and
comparisons done between galled and nongalled parts, beside leaves,
'presentation leaf' of plants with one gall and stem of plants with three
galls were also found to be significantly different at the 5 percent
level, and when natural log transformation was applied to the data then
stem of plants with two galls was also found significantly different at

the 5% level along with the others mentioned above.

When a correlation was done between the counts per minute
obtained for 10 mg sample or disintegr;;ion per minute for the whole
plant part with the fresh weight/dry weight ratios of the galis, only
the galls in the meristem reglon of the plants with two galls showed a

negative correlation (Table 13).

Out of the 0.185 MBq of the radioactivity (lucoz) only 0.063
MBq was recovered in the nongalled plants and 0.050 MBq in plants with
one gall, 0.043 MBq in plants with two galls and 0.033 MBQ in plants with
three galls. The reason for thls low recovery was that only one leaf was
made to photosynthesize in the presence of 14002. The photosynthetic
rate also decreased from 20 to 40 percent in the galled plants when

compared to the nongalled plants.
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Tnbi; 11. Distrxibution of raflioactivity in galled and nongaééed Russian knapweed plants from which only

presentation leaf (X,LEAF) photosynthesised in o chamber. These average values are obtained
from the dsta jresented in Table VII of the Appendix. (Experiment 3)

Group* Counts per minute (CPM) recorded in 10 mg dry weight samples aftex
(Type of plant) treatment ¥*
GALL 1 GALL 2 GALL 3 LEAF ROOT STEM X.LEAF
plants with 1 gall A" 31.19 - - 8.32b 2.85a 7.11a 48,37
GALLED plants with 2 galls B" Mean 41.81 4,10 - 4,250 1.35 2.61b  45.88b
plants with 3 galls C" C:H 26,60 8.95 6.01 1.83b 1.41b 1.62b 53.58b
NONGALLED D" - - - 16.86a %.00a 8.07a  71.06a
plants with 1 gall A" 115.75 - - S4.3a  31l.51a  52.68a 149.02a
GALLED plants with 2 galls B" Mean 188,28 55.61 - 37.61b  29.84a  44.,93a 202.77a
planta with 3 galls C" ;}“;;; root 14145 77.91 49,89 29.375  32.70a  35.35a 210.87a
NONGALLED D" - - - ?4,27a 30.86a 49.66a 157.09a
plants with 1 gall A" 9.13 - - 7.29% 6.67a 7.70a 9.91a
GALLED plants with 2 galls B" Mean 10.40 7.47 - 6.61b 6.61a 7.43a  10.51a
plants with 3 galls C" g;tg;;l log 9.61 8.1k 7.19 6.44p 6.70a 6.86a 10. 56a
NONGALLED D" - - - 8.47a 6.65a 7.76a  10.08a

* Group (Plants with entire leaf margin and spatulate leaf)
Galled -~ A" - Plants with one gall in the meristem region.
B" - Plants with two galls, one gall in the meristem region and another gall on a leaf,
C" - Plants with three galla, one gall in the meristem region, second gall on a leaf below
meristem, third gall on a leaf below the second gall,
Nongalled - D" - Plants with no galls (control).

#% Student palir ‘t' test ocomparing galled and nongalled plant parts. Means within a column followed by the same
letter within a section, are not significantly different at the 5% level,

2T



rigure 35.

Comparing the distribution of radloactivity using
means of percent counts per minute recorded in 10
ng dry welght samples (Table 11), in galled and
nongalled Russian knapweed plants from which only
ﬁosentation leaf (X~LEAF) photosynthesised in

(!)2 chambexr. Bars topped with sams letter are

not significantly different at the 5% level using
s Student pair 't' test, when galled and nongalled

plant parts are compared.
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Comparing the distribution of radiocactivity using
means of the square root of counts per minute re-
corded in 10 mg dry weight samples (Table 11), in
galled and nongalled Hussian knapwsed plants from
which only presentation leaf (X-LEAF) photosynthes-
1sed in l“mz chamber. Bars topped with same
latter are not significantly diffarent at ths 5%
level using a Student pair 't’' test, when galled

and nongalled plant parts are compared.
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A" - Plants with one gall in the meristea region.

B” - Plants with two galls, one gall in the meristem region and
another gall on a leaf.

C" - Plants with three galls, one gall in the meristem region, second
gall on a leaf below meristem, third gall on a leaf bslow second

gall.
D" - Plants with no galls (control).

Plgure 36
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Magus 37. Comparing the distribution of radioactivity using
means of natural log of counts per minute recorded
in 10 mg dry weight samples (Table 11), in galled
and nongalled Russian knapweed plants from which only ]
presentation leaf (X-LEAF) photosynthesised in 1“002
chamber, Bars topped with sams letter are signific-
antly different at the 5% level using a Student pair
't' test, when galled and nongalled plant parts are
compared.

C10 e mada s




NI A A B i PSR ek . PEFEN v s - . L. s e e

126

N T S e | ARk RS

11

104

T~

6

54

TR

*u
E
-

e
I

>
e
L
»

-
'’
'
.
P
..
-y
.-
»

*

-
»

e
-
.
-
P
'S
»
"

we
'
..
N
wr
'
'y
-
-
-
'
.
.
L E
PR
'Y
B
-

»

s
.o
»

-

x

e
.-
'
'
=
e
'Y
3

7~

Mean Natural log of Counts per Minute

T RN R R N R T
RET TSI “ MRGMES e g

IE TR SRR PR R PPEEY I ETE EEE PNy
B N T

1¢

AN Y RS RN R AT B P SRR E KR T A s AT
“ette v reaner s PN PR .

A" - Plants wvith one gall in the meristem region.

. B” - Plants with two galls, one gall in the meristea region and
another on a leaf,

C" - Plants with three galls, one gall in the meristea region,
sescond gall on a leaf below maristem, third gall on a leafl
below second gall.

D" ~ Plants with no galls (control).




Table 12. Total radioactivity recorded in galled and nongalled Russian knapweed plants from which only present-
ation leaf (X.LEAF) photosynthesised in 1400, chamber. These average values are obtained by calculating

the disintegration per minute (DPM) from the data presented in Tables IV and VII of the Appendix.
(Experiment 3)

Group* 140 activity recovered in plant part after treatment**
(Type of Plant) GALL 1 GALL 2 GALL 3 LEAF ROOT STEM X, LEAF
Plant with 1 gall A" 16.46 - - 21,61b  30.47a  13.21a  1B8.88a
GALLED Plant with 2 galls B" Mean % 29,18 5.67 - 9.27b  19.08a 2.982  33.80a
Plant with 3 galls ¢" DfY 22,77 7.77 .72 2.39b  15.35a  2.78a  4h.26a
NONGALLED D" - - - 49,21a 17.28a L,8la 28.70a
Plant with 1 gall A" 197.79 - - 222,74b  269.93a 172.29a  210.16b
GALLED Plants with 2 galls B" Mean 258,91  100.66 - 105.44b  199.49a  81.57a 287.45a
' Pplants with 3 galls C" :%“g;; root 192,66  105.09 64, B4 49,716 161.10a  68.44b 279,24a
NONGALLED D* - - - 42B.44a  218.%a 125.79a  309.20a
Plant with 1 gall A" 10.04 - - 10.33b  10.92a 10,058  10.61lb
GALLED Plants with 2 galls B" Mean 11.04 8.4 - 8.80b  10.42a 8,66b  11.22a
Plants with 3 galls C" 2;tg;:1 log 10.26 8.76 7.74 7.50b 9.92a 8.096  1l.lla
NONGALLED D" - - - 11.99a  10.59 9.63a  1l.42a

* Group (Plants with entire leaf margin and spatulate leaf)
Galled - A" - Plants with one gall in the meristem region.
B" - Plants with two galls, one gall in the meristem region and another gall on a leaf
C" - Plants with three galls, one gall in the meristem rsgion, second gall on leaf below
meristem, third gall on a leaf below the second gall.
Nongalled - D" - Plants with no galls (control).

** Student pair 't' test comparing galled and nongalled plant parts. Means uithin‘a column followed by the same
letter within a section, are not significantly different at the 5% level. :

%41



Figure 38, Comparing the distribution of total radioactivity
using means of percent disintegrations per minuts
recovered in the plant part (Table 12), in galled
and nongalled Ruasian knapweed plants from which
‘only presentation leaf (X-LEAF) photosynthesised
in 1"'002 chasber. Bars topped with same letter
are not significantly different at the 5% level
using a Student pair 't' test, when galled and
nongalled plant parts are compared.
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A" - Flants with cne gall in the meristem region.

B" - Plants with two galls, one gall in the meristea region and
amothar on a leaf,

C" - Flants with three galls, ons gall in the asristem region,

« second gall on a leaf below meristsm, third gall on & leaf
below second gall.

D" - Plants with no galls (control).

Figure 38
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Figure 39. Comparing the distribution of total radloactivity
using means of the square root of disintegrations
per minute recovered in the plant part (Table 12),
in galled and nongalled Russian knapweed plants from
which only presentation leaf (X-LEAF) photosynthes-
1sed in 1’*002 chamber. Bars topped with same letter
are not significantly different at the 5% level
using a Student pair °'t' test, when galled and

nongalled plant parta are compared.




131

450+

400+ '

ute
W
73
(o]
1

Mean Square Root of Disintegration per Min
S
o
I I

“abh Xanbh
1 ROOT STEM X~LEAF

A" - Plants with one gall in the mariastea region.

B" - Plants with two galls, one gall in the meristem region and
another on a leaf,

C" - Plants with three galls, one gall in the meristeam region,
second gall on a leaf below meristem, third gall on a leafl
below second gall.

D" - Plants with no galls (control).
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Compaxring the distribution of total radioactivity
using means of the natural log of disintegratlons
per minute recovered in the plant part (Table 12),
in galled and nongalled Russian knapweed plants
from which only presentation leaf (X~LEAF) photo-
synthesised in 14(}02 chamber. Bars topped with
same lettear are not significantly different at the
5% level using a Student pair 't' test, when galled

and nongalled plant parts are compared.
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Plants with one gall in the meristem region.

- Plants with two galls, one gall in the meristem reglon and
another on a leaf.

Plants with three galls, one gall in the meristem region,
sacord. gall on a leaf below meristem, third gall on a leaf
below second gall.

Plants with no galls (control).
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Table 13. m.hudn goeffigient of Russian knapweed parameters. (Experiment 3)

Correlation with
ocounts per minute

Correlation with-

Russian knapweed parameters disintegration per minute

(r) (r)
Plants with Fresh weight/Dry weight 0.75466* 0.56973
1 gall ratio of the gall in
~ the meristem region 0.0116 #» * 0.0856 .
N X N ) 3
Fresh weight/Dry weight -0.12519 | ~0,22661
ratio of the gall in
Plants with the meristea region A 0.7304 0.5290
2 palla Fresh welght/Dry weight 0,72796* 0,76752%%+
ratio of the gall _
' on leaf 0.0170 0.00092
Fresh welght/Dry weight 0.79919%%» 0.82387%%e
’ ratio of gall in the
. meristem region 0.0055- 0.003%
Plants with ( Fresh welght/Dry weight 0.8159nns 0.83u2%ws
3 galls- ratio of the gall on leaf
below the meristem 0.0040 0+0027
Fresh welght/Dry weight 0.87356%a+ 0.86990 e+
ratio of the gall on leaf -
below the second gall 0.0010 0.0011

* Significant at 5 percent level ,
#a» Significant at 1 percent level
#% Probability level )
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. EPERINT 4 -
The autoradiography obtained for the whole plants which
were left in contact with the X-Ray fila (Fligures 41 and 42) shows that
the radiocactivity in the nongalled plants is translocated sainly to the
leaves, whereas in the galled plants, most of the translocation is into
the galls of the plant. But whem sections of the galled and nongalled
plant parts were used for autoradiography (Figures 43, 44 and 45), the
stem of the nongalled plant shews the accumulation of radioactivity and
( | in galled plants, beaide the galls, the root and stem also show the
poparties of ‘physiological sink'. This response is slightly variable
or it oould be an artifact. But, one thing which is clearly represented
by the autorsdiographs is that the galls accumulate most of the radio-

activity which is translocated towards them from the different parts of

the plant.




Figure 41. Autoradiograph of nongalled Russian knapweed plant
showing the distribution of GI “. Only the present-
ation leaf (X-LEAF) of the plant was allowed to
photosynthesize in 1“002 chamber. The plant was
left in contact with the film for 7 days. The plant
was outlined and lighter areas correspond to -loc~

ations of greater radioactivity.

i
i

Figure 42. Autorsdiograph of galled Russian knapweed plant
showing the distribution of C1¥. Only the present-
ation leaf (X-LEAF) of the plant was allowed to
photosynthesize in 1“cc?_ chamber. The plant was
left in contact with the fila for 7 days. The plant
was outlined and lighter areas correspond to loc-
ations of greater radicactivity.
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Figure 43.

Figure 45.

Autoradiographs of nongalled Russian knapweed plant
parts (X-LEAF, LEAF, ROOT and STEM) sectioned at
25 . Only the presentation leaf (X-LEAF) was
allowed to photosynthesize in 1“002 chamber. The
sections were left in contact with the film for 21
days. ILighter areas correspond to location of

radiocactivity.

Autoradiographs of galled Ruasian knapweed plant
parts (X-LEAF, LEAF, ROOT, STEM and GALL) sectioned
at 25 . Only the presentation leaf (X-LEAF) was
allowed to photosynthesize in 14(1)2 chamber. The
sections were left in contact with the film for 21
days. ILighter areas correapond to location of
radioactivity.

Autoradiographs of galled Rusaian knapweed plant
parts (X-LEAF, LEAF, ROOT, STEM and GALL) sectioned
at 25 . Only the presentation leaf (X-LEAF) was
allowed to photosynthesize in 1“002 chamber. The
sections ware left in contact with the film for 21
days. Lighter arsas correspond to location of

radioactivity.
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IIT.D. DISCUSSION

When ever it is stated in the text that the radioactive substance
which was injected in the plant or fed to the leaves became localized, it
implies that either the original substance or its products or both became
localized. The results indicate that the galls on Russian knapweed formed
by the nematode showed properties attributable to a physlological sink,
namely, a movement of labelled assimilates into it, the consequent,
accumulation of radioactivity within it. Assimilates can be drawn to the

gall from all parts of the plant through the phloem.

When a correlation was done between counts per minute recorded
in 10 mg dry weight gall samples or disintegration per minute recovered in
the galls with fresh weight/dry weight ratio of the gall (Tables 10 and
13), it was observed to be positive. Little radicactivity entered the
galls which were brown and dry with a low fresh welght/dry welight ratio
compared to the galls which were green and fleshy with a high fresh weight/

dry weight ratio (Table I, IT and III of Appendix).

Mani {1964) and Maresquelle and Meyer (1965) have suggested that
the growth of the gall ceases 1f the parasite w:J.thin is killed., It is
likely that the parasite continually secretes a substance or a mixture of
substances which stimulate the sink-like activity of the gall tissue.

This is an example of a high degree of physiological adaptation exhibited
by the parasite which in this case is able to modify the functions of the
plant organ to its advantage. During the life cycle of Paranguina picridils
the second stage larvae go into a state of quiescence (cryptobiosis).

This state is induced by dehydration as the plant matures (Cooper and Van

Gundy, 1971; Watson, 1975). The fresh weight/dry weight ratlo of the
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galls wds lower when the galls were brown and dry, and little radio-
activity was translocated towards them as opposed to the galls with a
higher fresh weight/dry weight ratio with a higher translocation of
radioactivity. This indicates that when the nematodes undergo into a
state of quiescence, the galls stop functioning as a physiological sink.
Shaw and Samborskii (1956) using rust and Jankiewicz et al. (1969) using

insects have demonstrated the same type of results.

At the cellular level there is little doubt that the nematode
induced galls act as strong sinks. Whether this transport is 'hormone
directed' is not clear (Patrick, 1976). 'Sink strength’, the potential
capacity of tissues to accumulate metabolites, can be defined as the
product of 'sink activity' (the potential rate of metabolic uptake per
unit weight and time measured in counts per minute for 10 mg dry weight
samples) and 'sink size’' (dry weight). The sink may iiself be able to
regulate transport of metabolites to it (Patrick, 1976). 'Matthew
effect' appears to operate in source-sink situations (Evans, 1976), that
is, large sinks have an advantage with respect to small sinks in
attracting solutes. Thus by creating an abnormally large sink {(at cel-
lular level), the nematode mobilises plant cell machinery to enhance
transport to that sink without the need to resort to elaborate mechanism
to control cell formation (Jones, 1981). There is evidence that the
plant endoparasitic nematodes feed on these modified cells of the gall
and the form of modified cell, glant cell, syncytia or nurse cell is con-
trolled by the nematode (Jones and Dropkin, 1975). The nematode-induced
transfer cell has a distinct pattern of growth which can be closely cor-

related with the physiological age of the nematode (Bird, 1962). It is

essential for successful obligate parasitism that substrates be supplied

0 the invaded cells at a rats high enough to maintain their organiza‘“n
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and metabolism in the presence of the parasite, which cannot exist on
dead tissue. Whether or not the parasite obtains an adequate supply of
substrates for continued growth must depend on the relative rates of
utilization and supply (transport) of substrates. Since the nematode
P- plcridis has a high biotic potential (Watson, 1975), it indicates a
substantial nutrlent supply to the galls.

In experiment 1, when the radioactive Fructose D [“c(u)] was
i_njecf:ed into the stem of the galled and nongalled Russian knapweed
plants, the stem (Stem.X) and roots did not show a significant difference
when a student palr 't’ teat was performed comparing the galled and non-
galled plants, whereas the lsaves of the galled and nongalled showed a
significant difference at the 5 percent level. The radioactivity was
injected into the phloem of the stem, which was the translocation pathway
and it was therefore easily translocated to the roots which wers natural
sink for the plant. The highest amount of radioactivity translocated was
into the leaves (Table 7, Figures 26, 27 and 28). The reason for this
high recovery of radioactivity in the leaves, since the leaves were at a
developaental stage, they also had some 'sink’ properties and in their
case, the 'sink size' was quits large. The 'sink activity' of the galled
and nongalled plant parts is represented by Table 6 and Figures 23, 24,
and 25 in counts per minute for 10 mg dxry weight samples, and the galls
show the highest amount of activity recorded. The 'sink activity' for
the stem (Stem.X) and roots were not significantly different for galled
and nongalled plants but for the leaves the difference wvas significant.
So the reason for the high ‘sink strength’ for the leaves was probably
the 'sink size’, because leaves do not have a high 'sink activity’'.
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In experiment 2, whers the whole plants were put in the 1“002

chamber, the amount of radiocactivity recovered in the lesaves was highest,
and the difference in the galled and nongalled plants was not significant.
"The leaves retain most of the radioactivity. In plants with one gall,

the radiocactivity translocated to the roots was second highest, but in
plants with two galls, the galls accumulate more radioactivity than the
roots and had a higher 'sink strength'. The stem of the galled and non-
galled plants had the least amount of radioactivity translocated towards
them and when a student palr 't' test was performad comparing galled and
nongalled plants on the mean percent disintegration per minute baais,

the difference was found to be not significant (Table 9 and Figure 32).
When the square root and natural log transformations were applied to the
data and galled and nongalled plant parts were compared, the leavea of
plants with two galls were significantly different at the 5 percent level
with leaves of nongalled plants, and also the roots and stem of gﬁld
and nongalled plnntaJ were significantly different at a 5 percent level
from each other. Only the leaves of plants with one gall were not sig-
nificantly different from the nongalled plant (Table 9, Figures 33 and W)
indicating that in plants with ones gall, the translocation of the asaimil-
ates into the gall was from rvots and stem and as the number of galls
increased on the plant, the assimilates were derived towards the galls

from all the parts of the plant.

The 'sink activity' of the leaves was expected to be high in
expariment 2 in galled and nongalled plants becauss the whole plants were
photosynthesised in the 1"m2 chamber and most of the radioactivity was
retained by the leaves, giving a value which indicated high ‘sink activity’

(Table 8, Pigure 29). When a student pair 't' test was performsd and
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comparisons were made between galled and nongalled plant part:s. the
leaves did not show any significant difference, whereas roots and stem
of the galled and nongalled plants were silgnificantly different at the

5 percent level. A similar type of result was obtained when square root
and natural log transformations were applied to the data, with the only
exception that in data wheu natural log transformation was applied, the
root and atem of plants with one gall did not show a significant differ-
ence when compared with nongalled plants (Table 8, Figures 30 and 31).
This indicates that as the number of galls increased, the 'sink activity’
of other natural sinks of the plant like roots and stem, in this case,

decreased.

In experiment 3, when only one leaf, also referred to as

14

‘presentation leaf' (X.Leaf) was put in the ~ €O, chamber, 55 to 80 per-

2
cent of the radicactivity was translocated from it and only 20 to 45 pexr-
'cent was retained, and the difference between the galled and nongalled
'presentation lesaf' was not significant (Table 12 and Figure 38). In
nongalled plants, almost 50 percent of the pho—toawnthates ware trans-
located to the leaves and the high '=ink strength' was due to the large
'sink size'. In the galled plantas as the number of galls increased due to
the presence of the gall former, the 'sink size’ of the leaves in the
galled plant decreases, which resulted in a lower 'sink strength’' and a
comparison between leaves of the galled and nongalled plants using a
studant pair ‘t’' test showed that the difference was significant at the

5 percent level.
When the roots and stem of tha galled and nongalled Russian

knapweed plants were compared, the difference was found to be not signif-

icant, but the high radicactivity recovered in the roots indicating a
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big.h 'sink strength' (Table 12 and Figure 38) was due to the large 'sink

sige' (Table III of the Appendix).-

when square root and natural log transformations were applied
to the data of disintegration per minute recovered in the different parts
of galled and nongalled Russian knapweed plants (Table 12 and Figures 39
and 40), the results obtained show that in plants with one gall, more
radioactivity was translocated from the 'presentation leaf' (X.Leaf) to
the roots and stem which were the natural sink for the plant. As the
numbers of galls increased on the plant (i.e. 2 to 3 galls per plant)
the ‘'sink strength' of the stem in galled plants decreased, probably
due to the decrease in 'sink size' (Table III of Appendix) and the radio-
activity was translocated towards the galls. Similar results were ob-
tained for the leaves of galled plants and the difference between galled
and nongalled plants was significant at the 5 percent level when com-

pared using a student pair 't' test,

In experiment 3, the ‘sink activity' indicated by the counts
per minute for 10 mg dry weight samples for the 'presentation leaf’
(X.Leaf) was expected to be the highest (Table 11 and Figure 35), because
it vas from this leaf that the translocation of the radioactivity took
place. The significant difference at the 5 percent level between the
‘presentation leaf’' of galled and nongalled plants indicates that elither
the '‘sink activity' or the photosynthetlic capabilities of the leaves

had decresased in the galled plants.

The ‘aink activity' of the leaves in galled plants was decrsased
when compared to the leaves of nongalled plants and as the number of galls
increased on the galled plants, the roots and stem of the galled plants
also showed a decresse in the ‘sink actlivity’' which was significant at

the 5 percemt level. When squars root and natural log transformations
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were applied to the data (Table 11 and Figures 36 and 37) the decrease
in the roots and stem of all galled plants and the leaves of plants
with one gall was not significantly different when compared to the non-
galled plants. This indicated that the translocatlion of the assimil-

ates towards the galls was mainly from the leaves of the galled plants.

The reason why the radioactivity recovered in roots in experi-
ment 1 (Table 7 and Figure 26) and roots and stem of plants with one
gall, and roots of plants with two galls in experiment 3 (Table 12 and
Figure 38) had a higher accumulation of radioactivity than the nongalled
plant parts the difference not being significant), can be attributed to
the fact tha*t these experiments were performed at the time when the

natural sink for assimilates was provided by the stem and roots.

The translocation of the radiocactivity into the galls was
primarily from the leaves. The galls accumulate nutrients in competition
with other physlological sinks within the plant which were roots and stem
and such a competition was expected not to be markedly different here,
since leaves usually export assimilates preferentially to the nearest
sink (Quinland, 1965; Wardlaw, 1968). The galls were also known to have
an increased rate of water loss which can cause accumulation of photo-
synthates. This had been demonstrated by Shaw and Samborski (1956) for

obligate parasites.

The galls in the meristem region accumulate-more radiocactivity
than the galls on leaf (Tables 9 and 11 and Figures 32, 33, W, 38, 39 and
40). This phenomenon can be due to the fact that there was more meri-
stematic activity in the galls which were in the meristem region and
since the meriastem of the plant was also a physliological sink, thersfore

the galls in this region had a higher 'sink strength’.



Eatd
o

5 TR s

.,

e e —

L L T —

e o e

ik

—

2

The total amount of radioactivity recovered in the plants
was higher in the nongalled plant than in plants with galls. In experi-
ment 1, when Fructose D [la'C(U)] - with an activity of 0.185 MBq was in-
jected into the stem of the plants, about 0.044 MBq was recovered in the
galled plants compared to about 0.133 MBq in the nongalled plants. The
reason why most of the radioactivity was lost in the galled plants was
due to the fact that the presence of the gall former alters the growth
of the host plant. The galled plants become stunted, with fewer leaves,
and the stem becomes thin when compared to the nongalled plants of the
same age. Since the stems were thinner in the galled plants than the
nongalled ones, even though they were of the same age and were grown
under the same environmental conditions, it was difficult to inject the
Fructose D [lb’c(u)] ~ with the microsyringe in the stem of the galled
plants and most of the radioactivity was lost in the process.

In experiment 2, when the whole plant was put in the 14002

chamber, about 0.096 MBq of radioactivity was recovered from plants with
one gall, about 0.041 MBg from plants with two galls and about 0.115 MBq
from the nongalled plants. Since the whole plants were put in the lu'COZ
chamber, the number of leaves in the nongalled plants was more than the

galled plants and as the number of galls increased, the photosynthetic

.surface decreased. That is why the nongalled plants photosynthesized

more 14002 and the radioactivity recovered in them was higher than in

the galled plants.

In experiment 3, when only one leaf of approximately the same

size for both galled and nongalled plants, was put in the l“002 chamber,

the total radioactivity recovered from the plants with one gall was

about 0.052 MBq; about 0.044 MBq from the plants with two galls, and about

b
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0.033 MBq from the plants with three galls and 0.063 MBq from the non-
‘ ) galled plants. This decrease in the radicactivity recovered in the )
| galled plants can be expla.in'ed by the decrease 1in the photosynthetic rate

of the galled plants. The percent decrsase in the photosynthetic rate of

galled plants was determined to be 2 to 50%. p

) The macroscopic distribution of a radicactive tracer absorbed
in plant tissue can be observed by autoradiographic techniques. The
tissue was placed against a photographic plate, for a sultable period,
after which the plate was developed and ‘he image compared with the
tissue structure. The resclution of an autoradiograph is not solely
determined by the grain size of the emulsion used, but iepends also on
the specimen thickness, the separation between specimen and emulsion,
and the B -particle range [Thaine and Walters, 1955). In order to ob-
tain an absolute estimate of the specific Actiﬁt? of the sample from tl.b.
results of such as count, several f.sc‘bors such as self absorption in the
source, back-scattering in the emulsion, statistical uncertainties and
observational errors nust be takcn into acoount. In this experiment,
the autoradiographic techniques wers used to get a visual indication that
the galls formed by P. plicridis have ‘physiological sink’ properties.

—3“ However, for the purpose of this work the techniques seemed sufficiently

accurate in spite of the limitations.

The differential accumulation of radiocactivity at the site of
pcrnsitic‘lnfection following transliocation from a noninfected leaf re-
sulting from feeding labelled chemicals or carbon-l4 dioxide had been re-

_ported by a number of workers (Baldacci gt al., 1958: Garrawsy and

Pelletier, 1966; Jankiewicz ot al., 1969; Shaw ¢t gl., 1951 Shaw and

Samborski, 1956; Sydow and Durbin, 1962; Yarwod and Jacobaod, 1955). The
- ‘ s )
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distzidution of radicectivity following a given migration period gives
o direct informatiod about the mechanisms of translocation. Atteapts
hmwe besn made to explain this phenomenon on the basis of a 'physiologioal
sink', which is assumed t0 result from increased setabolic activity at
imfection sites (Jankiewict et al., 1969; Shaw and Samborski, 1956).

The acouwsulation of the radicactivity is the result of an 'active' trans-
location, induced by the parssite, of substrates froma non-infected host

tissus to paresitised host tissue.

i

" Thess experimemts indicste that the galls induced by P. pieridis
on Bussian knspweed act as powerful ‘physiologios] sinks' and their uptake
of oarben compound increases when theye was maximm growth and activiyy
of the galled tissue. That is why the galls in the meristem region
Mmordiomﬁtywtbomhmonluf. The orgmamic
putrients required by these nematodes, at least in part, are fros the
MQfmtwwmwdmmmeom-
looated to the nemmtode galls through the phloem.

NN

On the baxis of this hypothesis ons would expect to find
symptoms of starvation in uninfected organs. The presence of the
nematode galls would ultimately exhaust the root reserves of the plant

aftexr soms tisme, mhb}yruuluumthoduthofthoﬂmt.

1
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This study r;;rasem,s the first attempts to determine if
viable P. picridis _arvae, which form galls or zhe aerial parts of the

fuexian knapwesd, —ould be mass produced .sing tissues culture technigues.

Experiments with Russfar. xnapweed cujtures on .85 asdium sup-
plemented with 4ifferent levels of Bi and NAA showed no nematode pene-
tration. A modification of the BS medium, with high concentrations of
mecronutrients, vitamins, sugar and lov concentration »f FeEJTA '
supported nematode penetration. Penetratiorn of the nematodes also took
place in cultures when :AB was added in the mediux iz compination with
BA and NAA. Cultures with more vascular differentiation nad higher
nelmatode penetration. The nematodes irn the cultures wére present sither
intercellularly or were contained in a cavity which had necrosis along
its walls. The host response tc nematodes in cultures in this study was
somewhat similar to the nonhost plants observed by Wataon (1975). There
was no syncytia or glant cell formation and no nematode reproduction

occurred.

The effect of the galls formed by P. picridis on the aerial
parts of Russian knapweed was examined. Using radioactive tracers, the
distribution of C“ in galled and nongalled plants was investigated and
it was concluded that the galls formed by P. picridis act as powerful
‘physiological sinks' attracting 30 to 60% of the photosynthates pro-
duced in the plant. Galles in the meristem region attract more photo-
synthates than galls on the leaves and galls with a higher fresh weight/
dry weight ratio had a higher accumulation of radioactivity than galls

with low fresh weight/dry weight ratio.

150
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Further studies that should be conducted would involve:

a. higher levels of SAB in combination »ith tryptophan.

b. higher concentration of nczcnutﬁentsi, vitamins, sugar, and low
concentratiorn of FeEDTA.

¢. Incubation 2f cultures at lowsr tempsratures to molong the life
of the cultures.

d. subculturing of +he dual cultures by transferring them on fresh
media with same or different hormonal ratios.

e. sprinkling the medium with sterile sand to reduce the surface tension
of the agar.

f. substitution of the agar by othsr substrates such as perlite or
vermiculite would provide suitable environment for nematode pene-
tration.

&. selecting the right stage of nematode development, because the
abllity of the nematodes to function as gall formers varies consider-
ably depending on its physiological age and the time over which its

metabolic activities are being measured. (Bird and loveys, 1975).

The nematode has been approved for release in North America
and has been released on Russian knapweed in Albexta, Saskatchewan and
Quebec. The lack of movement in or on the soil suggests that it would
have to be spread thoroughly over a knapweed stand in such a manner as
a granular herbicide (Watson and Harris in press). The nematode requires
an overwintering incubation period in the mo0il, followed by a molst
spring, before it will infect Russian knapweed. A large amount of inocu-
lum wuld be required 1f the nematode 1s mass released on Russian knap-
weed infestations in North America. Techniques should, therefore be

worked out to obtain large guantities of infective 2nd stage larvae.

A P ik b el SN 3 L ikt a
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Inoculation procedures should also be determined to find vhether the
mmmmwmmdm;ummp@norum
are obtained, wvhethsr they could be broadcasted as a granular hesrbicide.
FPurthar studies, inwlving environsental conditions, nutrition of the
host tissus in combination with the hormonal factors should, tharefore,
be conducted to establish a means for mass culturing P. picridls in

laboratory using tissus culture techniques.

R
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Compound Stock solution
KH,FO, 138.000 g/L
HgSO,, 46,225 g/L
cacl, 147.000 g/L°
- K50, _ "85.125 &/L
NH,NO, 60,000 &L’
Micronutri
n313'o3 2,860 g/L
MnCl,.4H,0 - 1.810 g/L
ZnS0,, . 7H,0 0.220 g/;.
CuS0,, . SH,0 * 0.080 g/L
NaMoO,, . 2H,0 .« 0.026 &L -
FeEDTA
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*Amount/L

iml
2nl

- sm

5nul
0.5 ml
iml

-

25 ng

(Hoagland and Aron, 1938).
. ,
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Micronutrientd (store in freeger)
oy .

Manganous sul:t:ate Mnsou.ltﬂzo
Boric acid 1{31303
Zinc sulfate ZnSOu_.'?HzO

Sodium molybdate Nazl\bou.ZHzO
Copper sulfate CUSOu.ﬂ'LZO
Cobalt chloride Coclz.éﬂzo

Vitamins (store in freezer)

Nicotinic acid

Thiamine.HCl
’ Pyridoxine.HC1
Myo-Inositol R
Calcium chloride CaClz. 2H20
-Potassium iodide . KI

(store in amber bottle.in freezer)

Macronutrieénts (store in refrigerator)

FeEITA
Sugar
Agar

o

" Ammonium nitrate NHu_NO

3
Potassium nitrate KM)3
Magnesium sulfate MgSOu.?Hzo

Potassium sulfate KHzPOu

-

-

‘h\

: 175

Stock Solution Amount/1,
mg/100 ml 1{m -
2230
620 -
860 v
25
2.5
2.9
' mg/100 ml1 1 ml
100
1000
100
10000 "t
15 g/100 ml 2.9 ml
75 ng/100 ml iml .
g/1 100 ml
{
16.5
1940
3.7 ‘
1,7 ' )
20 to)u-o n&/L 25 ng
© 3%, X 15 g
006"t° 008% ‘ , 8 8

4 i . » )
Final pH adjue{éd”o 5.8 with 0.2N KOH or 0.2N HCl. -

(Murashige and Skoog, 1962)

-



176

APPENDIX C.  BS5 MEDIUM AND ITS MODIFICATIONS
B5 BSmod. B53mod.

STOCK SOLUTION AMOUNT/L -

Micronutrients (store in freezer) ng/100 ml iml 1ml 1m

Manganous sulfate MnSOu.l#HZO 1000

Boric acid H3303 300

Zinc sulfate ZnSO&.'?HZO 200

Sodium molybdate Nazlbou.ZﬁzD 25

Copper sulfate Cx:so&.%zo 2.5

Cobalt chloride CoClz.()HZO 2.5
Vitamins {store in freezer) ng/ 100 ml iml 221 0.5m

Nicotiniec acild 100

Thiamine, HC1 1000

Pyridoxine.BC1 100

Myo-Inositol 10000
Calcium chloride Cacl,.2H,0 15¢/100 ml 1ml 3=l 0.5m
Potassium iodide KI 75 m&g/100 m1 lal 2m 0.5m
(amber bottle, in freezer)
Macronutrients (store in refrigerator) g/L 100 m1 150 ml 50 ml

Sodium phosphate

dibasic xnxzmu.azo 1.5

Potasasium nitrate KIDB 25

Ammonium sulfate (qu)zsoa 1.3

Magneaium sulfate ’%504-71120 2.5
FeEDTA 20 to 40 mg/L 30 mg 15mg 15 mg
Sucrose x isg Xg 7.5 ng
Agar 0.6 to 0.8% 8 g 8 g 8 g

Final pH adjusted to 5.5 with 0.2N KOH or 0.2N HCl

(Gamborg and Wetter, 1975)
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APPENDIX D. FAA (formalin-acetic-alcohol) ‘Pempel's mixture'
Glacial acetic acid 80 ml
Formaldehyde (37-40%) 130 ml
Ethanol (95%) 300 ml
Water 600 ml
~
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APPENDIX E. PROCEDURE FOR DEHYDRATION AND EMBEDDING IN PARAPLAST
TBA (Tertiary Butyl Alcohol) dehydration series ;
%
Steps Solutions Time 12
1 Transfer fixed material to H,0 2 hr "
2 30% ethanol 1 hr
3 50% ethanol 1 hr
L 70% ethanol 1 hr
5 90% ethanol 1 hr
6 95% ethanol 1 hr
7 Absolute alcohol:TBA (1:1) 1 hr
8 Absolute alcohol:TBA (1:3) 1 hr
3 100% TBA 1 hr
10 Parsfin ol1l1l:TBA (131) 1 day
11 Pour off 1/3, add paraplast (60°C) 2 hr
12 Embedding in paraplast

(Bexrlyn and Miksche, 1976)
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APPENDIX F.

®

STAINING WITH SAFRANIN - FAST GREEN

Steps Solutions Time
1 Xylene 5 min
2 Xylede s 5 min
3 100% ethyl alcohol 2 min
4 70% ethyl alcohol 2 min
5 50% ethyl alcohol and

safranin (53°C) 1.0% 10 min
6 70% ethyl alcohol 2 min
% 95% ethyl a.lcoh?i and
fast green FCF é’. 5% 2-10 sec
8 100% ethyl alcohol 2 min
9 100% ethyl alcohol 2 min
10 carbol~-xylene 5 sec
11 Xylene 10 min
12 xylena 10 min

(Berlyn and Miksche, 1976)
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APPENDIX G. SAMPLE PREPARATION FOR LIQUID SCINTILLATION COUNTING

1. 10 mg of sample (air dried) is dissolved in 0.5 ml of 1:2
Perchloric acid 60% and H202 30%, by incubating for 1 hr at e
in an incubator.

e o Hond B S8 o, e g

2., Let the vials cool down.

e

3. Add 15 ml of scintillation fluld and shake well until a N
clear solution obtained.
The scintillation fluld contains:
PPO — 12 gnm
Tolu sne 2000 ml1
Ethylene glycol monoethyl ether

1000 ml

4, The samples are placed in a liquid scintillation counter,
calibrating it for counting lbc.
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Table I. Fresh and weighta of different parts of galled and nongalled Russian knapweed plants injected with
Fractose D | ba(u ) B tho n\nbct in pu-unthuos 1ndicateu the visual condition of the gall on a scale
of 1 to & ane UMt J frea) gl ght ratio of the gall nt 1).
(Fresh welght/Dry weight in gm)
Group* .. GALL LEAF ROOT. STEM, X
("!F]F'l “‘r ‘,"1;.' 4
plant) Galled Nongalled Galled Nongalled Galled Nongalled Galled Nongalled
L, J .
A 1 (3) 0.008/0.108 = 4.89 - 3.168/0.440 1.987/0.288 2.284/0.692 2.261/0.646 0.390/0.089 0.312/0.182
2 (3) 0.069/0.015 = 4,60 - 1.400/0.200 1.408/0.200 1.404/0.360 1.824/0. 521 0.383/0.088 0.607/0.164
3  (3) 0.058/0.102 = k.83 - 1,642/0.225 1.171/0.165 2.092/0.510 2.557/0.752 0.275/0.058 0.318/0.082.
| ] 1 (2) 0.069/0.01% = 4,93 - 1.850/0.250 1.108/0.142 1.426/0.432 2.050/0.554 0.530/0.123 0.068/0.015
2  (2) 0.090/0.016 = 5.62. - 1.590/0.220 1,785/0.248 0,861/0.287 2,176/0.640 0.301/0.075 0.536/0.1%
- 3 (1) o.101/0.015 =6.77 - 1.368/0,180 0.728/0.095 0.851/0.230 1.765/0.46% 0.200/0.040 0.180/0.045
0 1 (1) 0.101/0.020 = 6.05 - 1.820/0.241 0,787/0.100 0,968/0.269 2.615/0.688 0,417/0.098 0.050/0.010
2 (1) 0.109/0.016 = 6.81 - 1.993/0.258 1.147/0.149 0.764/0.241 0.823/0.235 0.374/0.090 0.536/0.134
B 3 (1) 0.096/0.013 =7.38 - 1.617/0.210 1. 152/0.14% 1,628/0.524 0.786/0.202 0.277/0.068 0.225/0.055

* Growp A-Mdﬁl&dwmmmuew(mlonleafingallodplmts)
3 - Plants with entire. leaf margin and spatulate leaf (gall on petiole in galled plants)
C - Plants with entire leaf margin and spatulate leaf (gall on leaf in galled plants)

** ¥isual condition of gall: 1 = green and fleshy

N 2 = green and non-fleshy
3 = browm and non-fleshy
4 = gron ad dry
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Takle II. Fresh and dxy m;htt“uf different parts of galled and nongalled Bussian knapweed plants which
in ‘700, chamber. The nusber in parentheses indicates the visual condition of the

photosynthesined .
g on & scale of 1 to f and the numbers outside are the fresh weight/dry weight ratio of the gall ' -
\ .
(Presh weight/Dry weight in gm)

Growp*
(Type of Meplicate
lant)

GALL 1 GALL 2 LEAF ROOT STEM
L o 2
Al 1 (1) o0.127/0.015 = 8.47 - 1.707/0.250 1.781/0.450 - 0.101/0.127
2 (2) 0.068/0.101 = 6,80 - 0.753/0.101  1,217/0.307 0.131/0.030
3 (1) 0.102/0.011 = 9,27 - 1,211/0.169  1.186/0,320 0.081/0.021
5 (2) 0.071/0,010 = 7.10 - 0.643/0,090 1,072/0.230  0.099/0.025
5 (1) 0.099/0.012 - B.25 - 0.981/0.111  1.254/0.343 0.176/0.041
2 1 (1) 0.113/0.011 = 10,27 (3) 0.061/0.010 = 6.10 0,307/0.041  1,091/0.148  0,161/0,041 %
2 (2) 0.076/0.010 = 7.60 (2) 0.083/0.011 =7.% 0.183/0.030 1.139/0.162 0.120/0.030 3
3 (1) o.121/0.01h = 8,64 (&) 0,046/0.012 = 4,18 0.225/0.038 0.596/0.131 0.143/0.033 :
b (1) 0.129/0.012 = 10,75 (2) 0.106/0.013 = 8.15 0.191/0.025 0.961/0.099 0.247/0.059
5 (2) 0.081/0.010 = 8.10 (3) 0.072/0.011 = 6. % 0.381/0.071 1.007/0.199  0.200/0.048
a* 1 - - 1.612/0.210 2,101/0.519 0.197/0.040
2 - - 1.199/0.168 1,191/0.327 0.212/0.043
3 - - 1.688/0.211 2.176/0.5%67 0.271/0.059
[ - - 2.333/0.316  1.166/0.315 0.242/0.059
5 - - 1.591/0.199  1.872/0.%0 0.134/0.035
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Table 111, Fresh and 4y weights of 4ALT t parts of galled and nongalled Russian knapweed plants from which only presentation leaf
(l.m) ‘ougatheained in mz chasbar, The susber in parenthesea indicates the visual condition of the gall on a
soale of § %0 & and the mmbers oWtalde are fresh weighta/dry weighta ratio of  the galls {Experiment 3)
Zxash weishi/dry welght in ga
Croup* Gald. 1 GALL 2 GALL 3 LEAP ROOT T X. LEAF
{typa of Roplicste
mant) " .
Y 1 (1) 0.260/0.09 = 6.15 - - 1.262/0.171 2.306/0.630 0.298/0.079 0.100/6.013
2 (1) o.000/8.01) = 6.85 - - 1.777/0.2% 1.763/0.471 0.224/0.057 0.089/0.012
3 (1) s.20/0.08 = 6.0 - - 0.924/0,137 2.275/0.651 0.519/0.1% 0.144/0.015
4 (1) o.12%/0.007 = 2.7 - - 1.591/0.227 1.157/0.333 0.280/0.069 0.081/0.011
[ (1) 5.00¥59.815 = 5.5) - - 1.771/0.170 0.841/0.2%7 0.167/0.042 0.101/0.0a3
6 (1) o.0M/8.011 = 6.36 - - 0.795/0.107 1.924/0.540 ©.200/0.053 0.970/0.012
7 (1) o.300/0.01) = 7.6 - - 1.390/0,192 1.800/0.887 0.460/0.107 0.088/0.011
(] (¥) 9.05/0.00 = 2. 10 - - 1.080/0.132 1.231/0.356 0.210/0.050 0.083/0.011
9 (3 sanf.0) AN - - 1.616/0.19% 1.156/0.380 0.15/0.082 0.109/0.013
» (3) 0.0050.010 = 4. % - - 0.620/0.088 0,9687/0.321 -0.219/0.055 0.090/0.012
»” 1 (1) 6. 300/0.811 = 9.00 (1) 0.37/0.005 = 7.9 - 0.232/0.0%0 1.064/0.276 0.074/0.012 0.121/0.01)
) (1) s.090/8.000 » 3. 7% (1) 0,129/0.817 = 7.7 - 0.525/0.069 0,927/0.250 0.119/0.025 0.100/0.011
3 (1) 5.207/0.000 =28.% (3) 0.134/0.019 = 6.00 - 0.555/0.071 0.717/0.217 0.080/0.017 0.088/0.010
5 {1) 8.129/0.81) = 9. 08 (&) 5.100/8.8687 = &.04 - 0,650/0.088 1,222/0.315 0.082/0,015 0.132/0.01%
s (1) 0.13/0.012 «30.00 {)) 0.1150.018 = 6.9 - 0.307/0.060 0.499/0.121 0.087/0.020 0.091/0.010
6 (1) 0.10/8.015 = 8,60  (4) 0.000/8.000 = X.00 - 0.290/0.037 2.010/0.527 0.109/0.022 0,121/0.013
7 (1) s.100/0.012 = 9,27  ()) 0.860/0.010 = 6,00 - 0.579/0.077 1.009/0.287 0.107/0.024% 0.099/0.011
8 (1) 8.000/0.010 =10.38 (#) 0.001/0.810 = 4,10 - 0.300/0.049 0.815/0.265 0.096/0.017 0.146/0.015
9 (1) 0.10/8.013 =38.08 () 0.861/0.811 - 5. 51 - 0.410/0.060 0.968/0.321 0:IWIL/6.02? 0.111/0.013
w (1) 0.000/0.000 = 8.90 ()) 0.076/0.01) = 585 - 0.271/0.051 1.311/0.311 0.195/0.031 0,137/0.01%
o 1 (1) 9,109/0.00 «30.% (1) 0.120/0.010 =22.00 (&) 0.057/0.010 = 5.70 0.125/0.018 0.428/0.117 0.144/0.029 0.081/0.010
2 (1) saxfe.0a2 30,08  (b) 0.061/8.000 = 4.20 (1) 0.113/0.000 =11.30 0.065/0.010 0.692/0.20% 0.064/0.017 0,100/0.021
3 (2) a.13¥e.m17 » 7,08 (2) 0.130/0.012 =10.83 (#) 0.057/0.011 = 5.18 0.130/0.020 0.651/0.195 0.091/0.012 0.089/0.011
'Y (3) 6.099/0.815 = 6.7 (2) 0.1350.015 = 9.00 (1) 0.100/0.020 =10,00 0.075/0.011 0.560/0.162 0.100/0.020 0.093/0.010
s (1) 0.099/0.030 = 9.9 (2) 0.071/0.010 = 7.10 (M) 0.067/0.012 = 5.5 0.147/0.017 0.321/0.097 0.141/0.033 0.097/0.011
'y (1) 0.1118.010 11,30 (2) 0.150/0.0M4 = 8.7 (1) 0,121/0.010 =12.10 0.080/0.012 0.717/0.209 0.127/0.025 0.081/0.010
7 (3) 0.07¢/0.030 = 7.60 (2) 0,07M2/0.011 = 6.5% (1) 0.117/0.010 =11.70 0.071/0.017 0.310/0.099 0.091/0.017 0.079/0.010
] (2) 0.094/0.012 = 8.00 (2) 9.07)/0.010 = 7.0 (M) 0.066/0.011 = 6,00 0.191/0,031 0.622/0.181 0.137/0.026 0.087/0.011
{Continued)
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Teble 111, (Continued)
Group*
{Type of Replicete GALL 1 GALL 2 LEAF HOOT STEM X.LEAF
mast)
c* 9 . (2) 0.091/0.011 ~ 8.27 (2) 0.091/0.012 = 7.58 (&) 0.045/0.010 = 4.90 0.187/0.027 0.417/0.127 0.101/0.018 0.081/0.010
w0 (h) 0.006/0.010 = &,60 (1) 0.125/0.010 =12.% (&) 0.061/0.081 = 5.50 0.X14/0.022 0.587/0.176 0,076/0,013 0.095/0.012
i 1 - - 1.165/0.182 1.184/0.%09 0.167/0.044 0,208/0.033
2 - - 0.616/0,220 1.100/0.258 0.161/0,0% 0.201/0.026
3 - - 1.296/0.186 1.380/0.740 0.110/0.025 0.157/0.021
5 - - 1.697/0.243 1.720/0.852 0.153/0.036 0.173/0.027
S - - 2.331/0.716 1.166/0.315 0.242/0.058 0.191/0.024
6 - - 1.981/0.260 0.919/0.250 0.183/0.041 0.189/0.024
? - + 1,117/0.152 0.784/0.210 0.166/0.040 0.146/0,018
8 - - 1.259/0.171 1.112/0.300 0,192/0.046 0.197/0.025
9 - - 1.382/0.185 1.003/0.271 0,177/0.043 0.174/0.020
' 10 - - 1.416/0.196 2.417/0.622 0.171/0.040 0.181/0.021
“ouap (Plante with entire leaf sargin ssd spatulate leaf)
A" - Plants with ene gall in the meristes reglon
$* - Plamte with two galls, one gall in the meristen reglon and another gall o leaf

C" -~ Plamts with tiwes galls, one gull it the seristem reglon, second gall on

elow the ascond
7" - Plmts with {oontrol),

sismnl condition of the gallt ] - gress and flesly
2 - gragn and ron-flealy
z«mmmm
- wowm and 4dvy.
~

N\

saf below meristem, third gall on a leaf
N R
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Table IV. Formula for determining the counter's efficlency from
Carbon-14 Standard Quench Curve plotted from samples

with known amount of radioactivity.
Observations Efficiency (X) Automatic External Counts per

Standard (Y) Minute (CPM)
1 0.89 560576 L5376
2 0.83 389084 42282
3 0.78 283219 39953
b 0.68 177529 4782
5 0.60 132221 ‘ 30616
6 048 81242 24693

The regression equation Y = fo + fiX
whtro Y = dependent varisble -

X = independent variabhle
flo = Y- intarcept = -507355.74744898
f1 = slope of the line = 1095775.93537415

To detrmine the «fficiency for particular plant sampls fros
sbove eguation

Automatic External Standsrd (for plant sample)

Bfficiency = 5. 15
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Table V. Radioactivity (ocorrected for background) in different parts of galled and nonga.lléd Russian knapweed

lants inject se D[c(u)] - ent 1)
‘ ts nute in 1 weight samples g
Group* GALL LEAF ROOT STEM. X
(Type of Replicate -
plant) Gallad Nongalled Galled Nongalled Galled Nongalled Galled Nongalled
A 1 8261 - 5333 3048 121 223 6637 55462
2 2169 - 174 13001 587 912 1652 6137
3 lom - 177 19952 153 195 181 31189
B 1 10210 - 1123 28184 170 786 6039 26977
2 10447 - 80 9516 69 740 7015 4897
3 46773 - 1811° 40517 580 783 8709 6012
¢ 1 Bl - 2243 45919 262 774 13092 2655
2 35727 - 3147 17179 1324 764 8511 14223
3 87297 - 5 636 31677 2202 982 B260 18749

* Group A - Plants with lobed leaf margin and lyrate leaf (gall on leaf in galled plants)
B - Plants with entire leaf margin and spatulate leaf igall on petiole in galled plants)
C - Plants with entire leaf margin and spatulate leaf (gall on leaf in galled plants)

(]

981
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Table VI. Radloactivity (corrected for background) in different parts
of galled and nongalled ﬂl’asian knapweed plants which
photosynthesised in the “7CO, chamber (Experiment 2)

S .

Counts per minute (CPM) in 10 mg dry weight samples

Group*
('h'pe)of Replicate X.GALL 1 X.GALL 2 X.LEAF X.ROOT X.STHIM
plant

A 1 20073 - 16074 322 1516
2 11058 - . 33386 L7 2040

3 11746 - 4937 717 2080

L 9698 . - 41935 1146 270

5 27197 - 31092 147 290

B* 1 24336 2172 31998 861 157
2 643 2161 28572 2170 2013

3 26514 799 46238 88 1128

" 28998 . 9917 6850 216 1976

5 7114 1869 19572 43 288,

¢ 1 - - 2002 1121 715
2 - - 6881 4298 2617

3 - - 20627 983 2766

b - - 9987 PR 3211

5 - - 12653 827 2186

# Group (Plants with entire leaf margin and spatulate leaf
spe

A' - Plants with one gall in meristea region

B' - Plants with one gall in meristem region and another
gall on leaf

C' - Plants #ith no galls (control)
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Table VII. Radloactivity (corrected for background) in different parts of
galled and nongalled Russian knapweed plants f‘roﬂ which only
esentation leaf (X. LEAF) photosynthesised in 1 p chamber.

Experiment 3).
o
unts minute (CPM) in 10 welght samples

Group*
(Type of Replicate GALL 1 GALL 2 GALL 3 LEAF ROOT STEM  X.LEAF

plant)

A" 1 33298 - - 32620 682 2659 26463 ‘
2 k54 - - 1949 355 3964 18977 f
3 12240 - - 410 1900 1480  36%0
4 26775 - - 1150 578 916 25944
5 20073 - - 16074 322 1516 15673
6 17844 - - 791 2124 5980 22333
? 17979 - - 139 L9o 4831 18514
8 647 - - 1350 4696 6179 58109
9 1905 - - 1835 195 4424 17542
10 1586 - - #»9 1135 157 33751
B" 1 56684 12922 - 1125 617 _ 2361 84053
2 70136 26682 - 295 183 1628 9477
3 32583 1259 - 183 3204 9819 1lok4ls
4 52603 181 - 176 703 2482 -2%9%0
5 11897 2862 - 749 1119 589 18714
6 26775 726 - 1151 578 916 27944
7 57397 3308 - - 135 1587 619 19989
8 25842 287 - 724l 963 3519 27311
9 27784 923 - 116 155 973 37295
10 16977 1995 - 4s71 1286 1713 19831
c" 1 70224 36606 177 192 5594, 8514 99097
2 24736 179 15214 196 880 hs2 42689
3 11396 5125 889 958 1423 896 57056
b 5740 7408 W36 1161 1150 1980 22735
5 50565 = 1269 175 382 2229 1712 35934
6 35663 3209 11736 3556 447 358 k222
7 7117 1197 6785 2872 627 196 42983
8 17761 1876 612 1616 917 980 37586

» (continued)



Table VII (Continued)
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)

Group*
( Type of Replicate GALL 1 GALL 2 GALL 3 LEAF ROOT STEM X.LEAF
plant
c” 9 21611 2718 333 217 313 1129 78651
10 981 37751 716 166 87 683 6839
D" 1 - - - 11139 1142 2518 27350
2 - - - 11127 1158 2223 22712
3 - - - 2978 2896 5327 12588
[ - - - 1164 388 3163 168
5 - - - 5935 127 2619 28878
6 - - - 1119 1062 1190 12701
7 - - - SK05 3024 3037 18494
8 - - - 6155 392 3188 35061
9 - - - 6720 429 1257 41683
10 - - - 9697 768 1390 21823

#Group (Plants with entire leaf margin and spatulate leaf)
Plants with one gall in the meristem region

A“

B" -~ Plants with two galls, one gall in the meristem region

and another gall on a leaf

C" - Plants with three galls, one gall in the meristea region,
second gall on a leaf below meristem, third gall on a
leaf below second gall

D"

Plants with no galls (control)

L, AR
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Appendix Figure|. CARBON-14 Standard Quench Curve.
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