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l INTroDUCTION 

Ruaa1an knapweed (AçJ;optllpn repent (L.) De. (Qanad.a Weed 

Colllldttee, 1969) centaurée de Ruaa1e (Flore du canada, 1974)} , a. .eaber 

of the Centaure1na.e subtribe of the Cyna.reae (card.ueae) tribe of the 

Composi tu faJll1ly (Engler, 1964) is an introduced persistent perenn.1al 

weed speciea wh1.ch ls coa.only found in cultlvated land in western 

Canada. and 1nf'requently in southe:rn Ontar1.o. It ia U.ted as a pro

h1bited. nox1ows weed in the Seeds Act (Agt1.c. canada, 1967) 

Ruas1an knapweed 18 a native of aouthern Ruaala, Mongol1a., 

western Turitesta.n, Iran, TurId.ah AzIIcû.a, Afghanistan and As1a Minor 

(Moore and. J'rankton, 1974) and wu t1rIIt introduoed into C&I1Ida ln the 

ea.r l.y 1900' a &IS a. contM1 nat. of Turkestan altalta (Groh, 1940). N'l.œer-

OUlt introductlons of Turkestan alt'al!a Med occurrtd, but' onl;r ainee 

1928 haa Ruaa1an knapweed been reoognized .. a aer10ua nad in C&D.Id.& 

(Moore, 1969). The recognition ot Ruui&I1 knapNMd .. a "pz:ob1b1ted. 

nox1oua weed" in 1936 probabl,y bu pr:ttYent.ed IDre w1deaprtNd. 1nt .. Ut1ons 

of th1a weed 10 Canada. The apread of Ruaa1an lma.pweecl. &ft .. it. 

in1 t1&l introduct10n vi th altalf'a ... haa been ~ due to the 

IIOV8IIent &Dd. a&le ot 1nt8llt.ed. hq (RenDey, 19.591 Bopra,' 1928). Denae /' 

intestat10na of Ruaa1an Icn&pwMd ooeur in cu!tiw:tecl t1el.4a of ,ra1D aDd. 

al.t&l.fa, p&at.ure. roada1d._ and wute placea and. the WMd. 18 able ta IIU%'

vive in alaoat UIY czoop in &r1J t1ll&ble BlOU (~, 1928). 
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doc-..aUd. DOJ: ..u...W in QanacJa (VaYDD aa4 lIaa:1a, ln pr..). 110 111 

repozt;ed. ... ...s.o_ aozlou ... of dz7l.aa1l am,. 111 .,utbII:tl U.S.S.I. 

aa4 tbI q,-.lJ. tr of t'l.our- aIIIl ottwr ~ JL'Od.lICt.a 111 cr-~ nd.\JDeIl '1Ibm 

aoatae'lIRal Wltb ~ 0.0]$ br w1abt o~ BI'NIu ba,., ....... (1-...na. 

1966). 'l'be __ rCUCM 7fal4a ~ barlAt' and. -.tu t'ma 5 to 10 fo14 &IId. 
• 

The ,.-1eld. t4 pot&ù> .. on plDta iDt..te4 wltb Bnea111D 1œa, •• 1Il d.ecrMuIl 

b.J b&lt ADd botb tM ÂM aDr1 q1l&l1v o~ tubRa .... aft'ecW (RI., na, 

1967). 110 la, aoted, tbat aJl.GaIl _.u" 1. 1:àt .-t .t.recil.1 .... OOIEpWt1tGr 

\Dl .. cb:7laDd. ta:ad.Dc al tbI .,.ai- bila al..,. aoaR1 tute4 & .-.1.0 .. 

bu&'4 te CIl'Of ~ (s.lleo1r. 1964). '.ftae lI&S1n 71el4 ~ 1Ibe&t lUIl 

ta. tol.1ap Jie14 ot __ 18 ......, ftCbMMId. lIMa p1.ota ... 1Dt ...... 111 'th 

PU.4d~ hwltr.14 (1'oJin', "8dn ... CiI:IIIIcleY, 19'1). Ru-_ 1maJlFl'" al80 

... 'tbe ~ to ~ ~ ~ .... t.o ........ tba ~ of ou.r 
8)IIJIGl_. ~ allelopâblo 1Itt __ of .1IIdNl .... lad. laft __ ~ 

.œa.'ted. 1f11:h JDest_ 'mat .... ~ ... ..u tDbtM~ to -.:tG 1aIIIt-

plaJrta ..... ta.t ~ _tœwut.a ot BneId_ ................. 1],. tIw lMmIa 

.. nota, 1Jdd.b1~ t.bIt .... M:tloD ..... ~ of tille ndt-.1. id .... al. 

pJM:rt; .,.a1ea (cta.nS 1lbDT, 1967. ~ .. -tilt', 1961J LeJop1 D, 1968, 

a.-." 19!J8,19'l1. • .... 11' 

ta. .......... ~ GD. l.a& ... ~ taab lMaa lIIIIl oata .M;'1" ... , nIl ..... 

tbe1Z' lMt ..:tue ana. 'rbe root .... ~ leM toalo ("I.I~ 

llfd.1 ... b ' ,a. lm. ... •. ·"n ..... ~,lm). ta 19'1) ••• tnto .. 

.... .. ... 1.8,.... ..... tM ___ JIll 11&' s.a tIIIIt .. ..s_ braL u' .. 

.... --.- l.IIng ... l1Jr;e npI.Ja. '-J'U1a lIIIIl _zoa1A, ....... a:a.. 

... tbe ata ___ 1#1 IIIl'I"U'·. 11521 (1911), ... ...s...& ...., ... '-1 ... 

~ .. '_tlll ....... la .. ......... .. ............. -.18, 

-

, 
l, 
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alao pol80DOua to llveatock and h&a been shawn to cauae a neurolDgica.l 

dillOrier and. even dea.th in l»raea (Younc ti. !=l., 1970). No benefic1a.l 

aapect of th18 weed haa been reported (W&t8On, 1980). The blology of 

the plant haB been recentl,y rev1ewed by Vataon (1980). 

J 

Ruaa1an Jma.pweed, a pca1.t8llt ~enn1.al,is d1.fficul. t to con

trol by cultural Md chetl1cal aethocla (Vataon. 1975). Many d1t'f'erent 

herbicides have been a.pplled ac&1nat Ruaa1an knApweed, but they have 

been found to be e1thc: too œatl.y or DOt very effective. The control 

obta.tned by 2,4-D or d.1caaba ha.a IlOt been satlaf'actory (Fis;runov .!1 Il., 
-:;> -

1977, Jane. and. Evans, 191). Khaclorovtlk:U, 1969, 1lruazk.orov, 1974,1915, 

1976, RuJd..n!l !l., 1978) wben ooapared to 2,),6""'lBA or p1.cloraa wh1ch 

pve coaplete control (~an, 1968. Alley, 1976, Alley aœ Huaburg, 

1977 ,19'78, Chertl1shev, 1978, K1.dr1.bev and StY'ubko\101, 1980. Killar:, 

1963, Mordoveta!i° !l., 1974). P1cl.oraa 1.s the ..,et wld.tr uaed 

herbicide for Ruaa1an kn&pweed control, but the ree1dWL1 ettect of the 

herbicide 1apo ... a pr:obla tor aeu1tive c:ro~. ~ ree1clue in to1-

srant arop plant. are potent1&l bNJ.th baIs&1:'d. te &I11al. (Abruova. 

Pa.naa;ruk and. N1kAnorova, 1977. Bereaovù1.1. 1974, Beresovakll &Dd 

IC.ruBdorov t 1972. Gruzdev and. Popov. 1974, lC1dr1ahev MId Styasbkowi, 

19BO, JCruasdorov,"·1976, MordDvet8 and Golov1n. 1974,1976r Mordoveta 

and NuarenIro, 1971). Tbarwtore 1t 1. o~ teu1bl. to \lM p1c1ora &loue 

%'0 .. , riCbt""'Ot..." d1tcb baDk azounrl tu:. url 1Ddl.Ultr1al. bld ld1 np, etc. 

(liarden, 1964).' SoU lI'tar1l..uta l1ke tenac, beDSûor, alJI'c1De ud. 

d1uron + 2,4-D bave alao bec UHd. but t., 1ft DOt Hlect1w aDd ., 

deat.roy auoc1atllll d....ual:Il.e plant .,ec1- (AU., a4 CbilalMa.-l&1Il, 1964. 

Hopld,na, 1961). 
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In North' AIIer1ca, Ruaa.1an knapveed 18 relatively f'ree of 

spec1al1sed. pRuites and ia oot extena1.vely attacked by llOl.ypbafPus 

feedera, but in Hs nat1ve range, Ruaa1an kna.pIf8ed la the boat of a 

nuaber of spec1al1zed orga.Jû.. (W&t.mn, 1980 ). rraa theae paraa1 tes 

whieh have been recol:'ded on t~, Ru&a1an knapweed, the potential of the 

leaf and stell gall n .... tod.. 'PvJUlcU.1n! p1ct1&Ur. IC1r j. &Di IV'&JlL as a. . , 

4 

biologie&! control agent h&a be.n recognized. The neu.tod.e pt'Oduees gaJ.J.s 

on the st_, l ... v.. and. root coJ,lar of 1n:teeted. plants and th. neaa.tode 

galls cause cona1de:r;able claaage to the weed (Wateon, 1975). In experi-
, 

menta W1.th f. pielij41a to contl'Ol Ruaa1an lmapweed, K1rjanova and Ivanova 

(1969) ahowed that in plDts 1nocul.a.ted w1th c:ruahed pll ~ter1aJ., :100% 
J 

infection of Imapweed .... obt&1ned aDi of thetS., zœc died and up tô ~ 

ver. hea.v1JJ 1n:t.ated. Ln an 'lJpentat1on l:>101og1e&l control pmgru 1n 

U.S. S.B. f. RiJ,.cr1d1. 1a be1ng aprIIiJed in .. watar lIlUIP:8naion (Koval.v .!l !l .• 

1973) • 

Becauae of the i'eported boat specl1'1clty (Ivanova, 1966) and 

becauae of 1t. d'M,;!ne; eUect on 1ta hoat. the n .... tod. t. i1cr1c:U.S wu 
, 

1Jlp)rt.cl lnto canada ma AllIa Ata, Kaakh SSB und.. qU&rlll1tlns aM. 1.nveat-

19atec:l .. a potentiaJ. biDcontJ:ol ~t of Ruas1an kn&pweed (Vat8On, 1975). 

~ 

The neatod ..... foUlld to at?Ck planta of th. Centauren1u 

and CU'du1nu subt.rtbea ~_U_~ 0;rna7:eu tribe w1 th the only plant auacept-
-

ibls to P'r'M'J1ga mm"', be1ng .ACJ:suzYlpn rut!II. wb1le ot_ pl&nta 

wh1ch foJ!Mll plla ftISPCl troa 1ntolan.nt ta ree1at&nt ta the ~tode 

attack. Wben b.1.atoll»cle&l. 1I'tud1_ Rn co ___ on theae d1!ferent Pha. 
, , 

the vartable boat r.t»- to the ~t.od. ... ooDfirMcl. The pJ.l.a on the 

Ruaa1an kI1&pNMd .... the onq OftM wb1ch' 4 .... 101*1 aD exteaa1 Te l.qer o~ 

nutri t1 ft cella with mm _1 neœ:oala, vbereu ln pll.a of ot.bm:' boata the 
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Dutn:t1ft mM - JOOZ'~ cleftl.oJè ~ ~.,.. ucr&"O&t ... pnllll't 

(Vat.Dll, 1915,1977). a.J.la ... p&tbDloslc&lll' 4ft'eloIë cella, u .... 

or ."... rd p.ùDta banDe jDIIDUDCeIl _pa,"",'" url brpuplea1a 1Ib1ch 

tabe place cl. to the JEII'-' ot tbe pU t--... --.toü..,u... ot 

ur.r:1al ,.na ...... 0MltNl. oaYlt.7 oorrtai DI ne .-t.oclM 1Ib1ob 18 l.1Ded 

w1tb~ __ of llutzo1t1ft cella. ~ aella ... ~ iD ~plua 

am. the n .... t.oct.e. f .... 011 ~ (1IaD1, 19&). !t 18 aM' ... tbat the 
.. 

nutritive cella act .. po...tul pl\t'lI1.ol.()ct.o&l. lI1.Dka attnc"t1.nc ...... n ... 
- , 

atM ot the plaJrt t.o the pJ.l ... pJ.l ~ (v&.t8oIl aII1 Sbortbo .. , 

19'79). 

add1t1oa&l. 1.atonat1oD .. nIl~ on tba .u'ect. cd ta. a.&tœ.e on tba 

'maJUIIIlJ ta..r.rect of the ft 1 t'Ioü 011 al'OJI pl.aDt8 ml ~ ~ 

of tbe u.&to4e UIIId.cr ne14 CDIId.1t1oDa 1D û • ...,. of t.be ha; 11111 (_tan 

aDClltllll:'!r1. 1D __ ). !Ile t ... ___ E ..... ,..sut. ta. DI ItodiI, tIa't lt 

lI1atlt a'ttaOk cledable ""')] dIb 01:' ... ~ -nlàb .. MmM .-

trl .. ],41ft'1CNlt. to cnd1aate bM'è __ .... _ .. _1 •••• Tba ..... toü 

bu Ma ,s. .. ~ t'Ôz' nl ... 1Jl 0Mwda .. dà.t.I. State. 

(Vat.D url 'IIIJ=rt. iD ~). 

1'be %.1 l ,rob oollll:l1acte4 iD tbla ~ hM t_ 'oItject.1.,... S1ACM 

!- plœ:!.41! .,.. DOt Datuml.lT -JlK- ..-t tli.ataDcM 1.11 ta. .u (Iyamrtmv 

.è.!l. l.976. Jaa1--. 19'18). d1atà.but.1oD t4 tilla ld_tml ...... ft-. 
qut:re ...s..taDoe (~. lm. Vauon Md. 1Im:r.la, 111 ~). 'f2.-u. culture 

-.tbDda baYe Me vtJ1'MIl to o1rU.lD. l.azp q..-t.tt1_ ot _ D 11:04, 

.,.al- ( ...... l1li4 n.u... 196" JliIIECUpt&!1 !l., 1910. lIrSbaoa. 1980. 
~ . 

IM&a:& Mid. 0' ..... , 197.5t ~ l1li1 ~.:otdD. 1969&,1 •• DIIIn 

&Del ZveMœen. 19621 ln..., alla1d.D.a, 19?9 ........ t. 1975). ml 



1 

( 

6 

could be 11t1l1Md. to __ produc. t. p11lF141. t"or 1.nUDda:t1ft "1 ..... 

TbB'etore, tbI n..:r.t objecU ft of th1. r .. -.rch p:ocna vu 1'.0 ~ 

11' viable l.. D'9t2 41. l.IInu oou14 be .... prac1ucè \I81Jlc ti..-ue cult.ure 

tecba1qUM. 

The MOODd. object1 ft of th1. na. tz'Ch .. to ~ tbe 

ettect. of the p.l1 fara1.nC DMatod.a on the nll1oloc:r of' l'ta boat plant. 

s... ooDtroft1n7 tw.a ocC1.Jr%ed. CODCtIl"D1l:Ic the -n'ect of pJ.l t'or.r on 

the1r boat. plaD'ta (Barr1.a. 1m, P1.MD:tel, 1961). Barri. (lm) at&ted 

tbat. a1.Dce pU t"O%Mra bad. .'901ved a l»MOataa1a 111 th tbe1r boata, 

Mrioua d.aMp to tba bDS't plaD.t. ctoee not occur. '1'bIre:to:re S'tud1_ wre 

ooDd.lJated.. to dtlt«nd ne the ettect of' t. P'er'd" p.l.l t~, on .. '---

Rn •• f_ lrn&f '1 ut. 

,. 
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a.. TlSSYI CULTURE 

'nle concept that 1nd1 vld:.l cella of an organ1a are totipotent 

la 1apllcit in the atate.ent. of the cell theo17 (Vb1te, 196). Schwann 

U9J9) expreaaed the '91_ t.bat each llv1..n& ceil of .. IIUl.tlcellular 

organi_ uculd. be capable of developing 1.nd.ependently if provided w1. th 

the propE' external OODd1tl0J?-a. A totlpotant cell la one tha.t la cap

able of develop1ng br recenerat10n lnt.o a whole orpni .. , and. thia terll 

wu coinecl br T.H. Morgu in 1901 (1rUor1&n and Berquaa, 1969). In 1902, 
• 

the GCMIl bot.&n1at, GottUeb HaberlaDdt. wu t.he firat to realJ.ze the tot.l-

poteDC7 of plaDt cella but he f&Uecl "to obta1n ceU division in hie 

cultures, which ... in put due to t.he rel&tivelJ s1apl.e nutr1enta and to 
-

hi. cholce o't h1.8hl7 d.1r.terent1at«l. ae.,~l1 cella (Kr1korlan 8nd. • 

Buqua. 1969). 

DMpS.te tbe tact tbat lt b&a lons been recogr4Hd tbat lt 18 not 

etr1ctl:r correct to retc to cul t.UI:'U ot organe such as :roota, sta, le&! 

am. rep:ocl:uC't1n pEU, cell culturee, callu cultures or eabr,yo cult.ures 

.. • Uaeu. culture t, ainee ttwy razoely a;re d.er1 nd. t.z:oa or are COIIpt'18ed 

of apec1t1c U ..... (Balley, 1943), flle teJ.'tI 18 stl11 co~nl.y uaed as .. 

bl.aDket pb.nae in t.be pn.r1c aeDSe to caver all tTpea o't uept1c plant 

cult.ure pI.'OC8d. .... (KrUor1an, 1982. St.r.et, 1971b). 

wit.b the ~t.1on of t.ba pot._tUJ..l;r Iml'lI1t.er:l grovtb of exc1.ucl 

to_te :root tipi. The cl1ft'1oultl .. wb10h blocked. tbe élevelDpMIlt of & 

llUCoeu.f'\ù. ..tbDcl t'or cult1&l:1Dc exc1Md. plut _t.er1al ..... tba J&'Oltlea 

o't obooa1Dc the r1Cbt pl.urt _ter1al _ the 'toraulatlon ot & aUllfacto1'1 

7 



1 

( 

8 

nutrient med1 URl (Wh1 te. 1951) • 

The f1rst plant tissue cultures, in the sense of longterm 

cul tures of callus, 1nvolved explants of cambial tissues ieolated. t'rom , 

tobacco and carrot, were accompli shed almost s1multaneou.ely by Gautheret 
" .. 

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

Skoog azid. Miller (1957) advanced the n,ypothesis that shoot and. 

root in! tiation in cul tured. callus can be regulated by parti~nlla.r ratios 

of auxin and cytok1n1n. In addition to the cytokinins, there is evidence 

that other endogenous cell-di vision factors ma.y exist in plant tissues 

(Wood. et al. 1969). --
Early experilllents w1 th shoot-apex cultures in vol ved. the degree 

of autonomy of th1s unit and the morphogenetic consequences of i ts isol

ation (Dodds and Robert., 1982). Firet att8lllpts in the culture of the 

shoot tip we:re done by White (1933) ua1ng Stella.r1a ~ (L.), Vlll. 

La.ter IDo (1945) suce~eded. ln culturlng stell tipe exelsed f'rom AspangUa 

offic1naB 8 L., reeulting in the formation of plantlets. The application 

of smot-apex cultures in the re:.pid clonal propagation of planta was tiret 

realized by l'brel (1960). 

Several lI8d1a have been developed by va.r1ous workers to suit par-: 

ticular requ1reaents of a. oul.tured tissue (Na:r~ana.awuy, 1977). The ~ 

~ reqU1reJlenta for the growth and deve19paent o~ laola.ted shoot a.p1ee. 

vary dth the size of explant, the 1ntended uae o'f the culture, and the 

plant genotype. If the plant at«r1&l. bu been aulturecl ISUCceasfully ln 

other laboratori.a. 1t la b.st to at.&r\. w1.tb publlal*l •• thode (Dodda and 

Roberts, 1982). When atteapt;lng to eat&bllsh a culture for the tirst Ume, 

the usual. procedure la to test :t'1r1rt & aiaple lI8d1ua and then suppleaent 

as neceaaary (YeolllUl ana. Foracbe. 1980. Yeoun and MacLeod, 1977). 
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Nutri tlonal factors play an important role in achieVing 

success dth lsolated. apical merlstems (Pbrel, 1975). In plant tis8~ 

culture, the establishment of an autotropic culture has not been achieved.. 

The baais of 'all nutrient med.1a ia a IIlixture of mineral salta collbining 

the 6ssential 1I&C1"O- and micro-eleaents together w1 th a source of carbon 

which ls IÙlIKlst alwa;ya a sugar, and UBUally suc:rose. The usual supple

ments requ1red are vitamins, a.m1no acids, Sug&r alcohols, growth regu

lators, a chelate such as EDTA and aomet1mes various natural extracts 

auch as coconut mil.k, yeast extra.ct or toaa.to juice (Yeoman and Macleod, 

1977~. Plant cells and tlssues can grow on various formulations of '!MIdia 

that are generally classif1ed. in two categories, low salt or high sa.l t 

(Sha.rp aJld Larsen, 1979). A typical 10101 salt med.iU1ll la the one developed. 

by ifhite (1943), while the most universal1-Y used high salt IIled.1U11l8 are MS 

Murashige and Skoog, 1962) , and. B 5 (Gamborg and. \let ter, 1975). Thè re

qu1.rements in a medium for a pa.rticular organ1.c suppleaent could be due 

to eUher the lna.billty of the tissue to produce 1t or a new requirement 

resul ting from a shift in metabollSJD. (Dodds and. Roberts, 1982). Add.1 tlona.l 

in:f'ormatlon on the nutrltiona.l requiresaents of ca1lus and suspension 

cultures can be found in the review by Oj1Jlla and. Ohira (1978). Altoough 

aga.r media have been SUCC8Safully uaed. for the culture of apical mer1st81l8 

(Smith and. Murashige, 1970), ctl.ff1c~ty bas been encountered. with the 

culture of SOIlle 1aolated. merlsteu (RDmberger and. Tabor, 1971). 

Although. expJ.a.nta of the apical. aer1stem require exogenous 

hormones, the laolated. shoot apex w1 th pr1.JIord1a and. eaerg1ng leav8s mq 

be 1nd.ependent of hoaone auppleaents (~e and. Huraeh1ge, 1919). The 

cul tures require emgenous aux1n, and. the add1 tion of a cytokin1n IRq or 

may IlOt be neceasary (Sh&bcle and. Mu:raah1ge, 1977; Saith and Murash1ge, 

1970). Multiple shoot formation, des1rable in olonaJ. propagation, i8 
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enhanced by suppleaenting the aediua w1th high levels of cytold.n1n.s' 

(Ihdds &Dd !Cbets, 1982). Gibberell1.c ac1d. provides a growth stillulua 

for 80JIe C1.Ù.tured systMs, and Id,y be requ1red for the culture of certain 

shoot ap1cea (Morel, 1975). Su.Iaa;r1es of the JEOb1eas invo1ved in plant 

propagat1on by tissue culture have been wr1tt.en by de FoUI%Ù (1976) and. 

Murashige (1914). InfO%'ll&tion on the pract1cal aspects of the procedures 

involved. can be obWned :f':roa the follow1ng books: Bar: et!:i. (1976), 

Butcher and Ingraa (1976) t Danes and. Hop1lOOd. (1900), Dodds and lbberts 

(1982), Gaaborg and Wetter (1975), Gautheret (1959), Ingraa and HeJ.«eson 

(1980), K.ruse and. Patteraon (1973), Marchant ti. al. (1960), Pa.ul (1975), 

Pier1.k (1979), Re1ne.rt and Bajaj (1977), lbt.bbla.t. and Cr1.st.of'aJ.o (1972), 

Street (1974,19'77b), 'l'lDmaa and Daver (1975), Thorpe (1978), White (1963), 

White and Greve (1965), Will.aer (1966), and. rev1.ews by Dougherty (1975), 

Gautheret (1955), liJl..llngs (1965), Kr1.kor1.an (1982), Kr1.korian and Berquam 

(1969), Mu:raah1ge (1974), and. White (l951). 

Plant t1uue cultures have been used. sxtens1vely for the stu:1y 

of cytod.1fi'erent1at1on (Bornun, 1974. Fukai& atId ICou.a1ne, 1980; Jeffs 

and. Northcote, 1967. lbbarta, 1976. Street, 1977&; Vet.ore and Bier, 

1963; We1;.a:)re and Soro.k1n, 1955), and exper1.Mntal 1!IO ... t.i.c eabryo

genes1s bas &1.&0 been rep>rted in tissues cultural f'roa aore than JO 

plant faa1lles (Dodds and Bobarts, 1982; lf&nJ"an&sWUI7, 1977). 

The potent1&l. of t1uue culture as & tocl in plant aa1ence bu 

been reoo&D1Sed, ani:l tbe 1.aportance of th1a aulU-d1ac1p11nary &ppr:oach 

ind1ca.tea exc1 t1ng prospecta in the fields of' cell b1o~atr.r. bio

chea1caJ. pnet1cs, plant breed.1Dg, caU -ad plant pb;rll1ol.ogr &Dd plant 

pa.thology (street !1 Ai. 1965). A liat of old prob1 ... with new pc:spect-

ives ua1ng plant tiaaue or oeil cultures 1a a.ptl,y 1.nd1cated by strst?t 

(1977b) • 

'. 
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~t tissue culture techn1.ques were orig1n&1Jy developed for 

the study of f"und.aaental. probleu of nutrition and "rphogeneaia, am. 

have lad. to JUllY ÙIpOrtant advances ln theae field.th More recentlY, &8 

techniques a:od. ..ua have iaproved, 1 t h&a becoae 1.ncre&s1..Dgly cl.ear 

that tlssue cul tu:ro. provide siapUfled. exper:1.aent&l syat.eaa for use in 

other branches of plant &c1.ence, 1.nclui1ng plant patœlog;r (Ingraa, 1980). 

General reViewa dM] S ng 111 th the applications of tlssue cul tur.,t tech

niques in plant pathology ha.ve been publ1sbed by Braun and L1petz (1966). 

Ingraa (1976, 1 m , 1980), Ma.beahwar1 (1969). and Wh1 te (1968). 

There are aany potent1&l. advantagea in ua1.ng tiaaue culture 

techniques ta atm;, plant d.1ae&ae8 dnc8 the 1oe1 t1ng organisas .., be 

cul tured together vi th their hasts in a oont.rolled chea1caJ.. and. physical. 

env1ronaent, free rro. cont.a" nation. This ottera the at~t1ve plss1b-

111 ty of a s1.IIpl1.t1ed ~ syst .. for invest1p.t1ng the structure 

a:od. ph.ysiolog of hoat-paraa1 te interaction &Ddt ln the eaae of speelallzed 

panai tes, lZOv1dea a -.ml of aa1nt&ln:J ng oontinuows 1Upp1.1_ of con-

tg1nant-tree propacuJ.... In addition, ..taboUe 1nb1b1tora aDd. pre

cureors ...,. be fdded ta culture 1Md1& and. d:1ff'ua1ble prod~ ot 1nter

action -..r he extracte:l 11'1 th oollplZ'atl ft .... (~, lm). 

One of the earl1eat appl1cationa ot plant Uuue culture in

volved the st\liy ot pla.nt tœar pbJa1.olo&1 (White and Braun, 1~) &Dl a 

recent IPJWsr.T of tb1. field bu appeand (But.olwr, 1977). Otba: appUc

atlona ot plant tlaue culture pt'Oceclure. in pl.aDt patbllog 11'1 th apeo1al 

reterence. to n_tolosr are outl1"'" by AllereDn and Jl)tt (l982h lJl&rul 

(1976, lmh Jon .. (1980), KruBbeq and Bablneau (1979), and. Zuck4Iran 

(1971). 
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The mn probl. in culturiDg ph.Ttopcraa1t1c n .... tadea ia in 

ster111z1ng the original 1.nocul ua , & del1cat. bal.anc. ia requ1red, !JO that· 
\ 

the oont.a1.naa.t II1croorgmi_ are k:1Ued w1 tbout injury to the n .... tod •• 

(Jonee, 1980). Plant pcu1tlc n_tod .. b.lo~ to tbe ord.er Tylencb1d& 

by a1JIple surt"ace ster1llsatlon of ......... crst. or larvae, ao..-t1aes 

llnlted ntb antlblot.1c treat.aent (C&1.rna, 1975, Zucksraan, 1971). Metc&U' 

( 19(3) wu apparent.ly t.he tirst ta. a.xen1ze & n .... tod.e (Bbahd.1 ti' br.v1a-
Il 

pina (Claus, 1862) Butacbll, 1873 aaaoclated vitb plant decq, vben he ob-

ta.1.ned Fe cul. turea by lI'asbJ Dg egga in ster1.le water &lld. then ieol&t.1.ng 

uncontu1nated. egga tm. st.er1le agar. By&l:'s (1914) succeeded. in ca.rryi..n« 

a. z:oot-knot n .... tode (KeloWpgrne sp.) tbrough a. coaplete We cyel., in .. 

.,noxen1c culture. on sterile to ... to aeedl1 aga gro1d.ng 10 test tubes on 

nutrlent agar Md1U1l. lAter Polycbronopoulue llId IDwnabery (1968) cul tured 

neaa:todes on seedllD88 w1th1n enclosed. conta.1ners and ooncltned that the 

technique pr:oved. Ullsat1ef'actor,r tor long-tera JU1.ntenance of neu.tode 

cul tune a1nce the plant cont&1ner wu 800n outgrown by t.he p1.ant '.ter1al. 

The cul t\l1"e of Patl1epc4y !1.p,ty.a Sber aDcl ~en, 1953, 011 

sterile exc1aed. ocml roots repreaented the next si ans ncant alvanc. in the 

pro~t1011 of geraf'r .. n_tod. •• (Moœ:t&1n, 19"', 1955). T1ner (1960 • .., 
1961&, b) ref'1Ded the tecbD1quee for 1nd.efin1te pro~t10n of le810n 

n-.todo l. '!'!!!!!1ër!pe (Cobb,- 1971) F1lJ.pjev anl Sctmuru.na Stekhoven on 

corn roots in culture, and al'; deTeloped .. collection trap for a.xen1c 

n ... toc1_. J'elle aDd Md ...... (1955. 1957) reporte4 tbat Redppb?lua 

""11. (Cobb, 1893) ThDme 1949. tbe bu:r:mwing neM.Wde, collpleted l'ta 

lite C1cle in roots of c1trua .eedl1np szow1..D« on ~tar apr. Dugupta 

!1~. (1970) uUllsecl root cult\II:M of Scn:cIpa vn1 QT'. Pere. te pL'OP

.... te IIoNla1". 1p!l19U! Sb .. , 1963. ud. denn.cl lt.a eIlbryoloCf and 11f. 

, 

\ 
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cycle. Het!r:gclca J!9at9cb1!l!a1..s Voll_weber, 192). the pot.&to C78t n .... -

tode, deYel.oped. to -.ture ~-.lee in to ... te roota in cul.ture (lliddDnon 

fi !Ji. 1958). ~t.~, -.l •• requ1.nd te fert.1l1ze the 1'-.1 .. vere 

lacldng in tbeee cultures ., the f....:t .. pt'Oduced. no egs. Thi. econ

oa1call.y 1aportaDt n .... tode bu st1ll not bMn cair1ed tbrouch a coaplete 

1Ue qele in a plant tluu.e eultt.U:e (~n. 1980). IIoriart.y (1964) 

obta1ned. devel.opMllt of the beet oyat n_tod.e. IfIts'Idm scb!shtll 

Sct.1dt, 1871, on ezc1aed. sup:r beet root. in cul.ture, but DO ... Mere 
Il 

produced. by the f-.le. bee.n •• aJ.l the Ml .. IMttled to the botte_ ot 

the cult.ure diahea 'b~ore fert1l1z:1ng the 1'eMl .. , 1Ibc'eu JobDmn and 
, 

V1gl1erch1o (1969b) obta1ned eabrTonated. ... produced bJ 1'-.1. .. o~ th1a 

spec1.a. but d1d not ca.rr;y the n_todea tbroUlh a MOOnd or 8UCC~ng 

8fmarat10ns on the roota. Brown (1974) found eabryonated. ... in 1'..alea 

pt the oat C7st neaatode, li. avenu F1l1pjev, 19)4. grow1Dg in the roota 

(197.5) alao ~oUDd ... in f-.les of riee qat n-.tode i. 0ljUM Luc aDd 

Berdon Brizuel&, 1961, 11'01d.ng on 1ntact riee plaDt.a ln test. t.ubes. 

In 19.51, D&rl..1llc and oo-.orbrll p.'O~ the potato rot n .... -

tode, D1tzlp'P1! 4tttz'uqtor Thome, 1945. on e&1.lua t1aauea ot .. veral 

plant.~ This report 1n1 t1ated the cuz:r:eDt pe1.od ln vblch ...... apeo1 .. of 

pl.aDt p&r&a1 t1c neaatod. .. œve been p:v,..-.ted. on d11'terct plut callua 

u .. uea. Decent revi_ on tb1. top1c 1nclud.. ID8na (1916. 197/), 

Kruaberg am Babineau (1919), aDd Zucbnan "(1911). It 1. ~ that 

the pattern of boat-n .... toct. apecln.c1 t.7 appeare to break cID_ ln tlane 

cul.ture (Incraa, 1977). Dll:L"l.1Dc ë.1l.. (19.51) r8p)rted. tb&t Il- 4t1'tiFugt9r 

could b. gl'O'NI1 1n ~erent1at.ecl call\lll of potato, caz'1:Ot, clonr and 

to~oo. whE-.. hu]JmIlr ml DlR-lJ.nc (1961) found. tbat ~. 4!!t.JU9t9r 
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rep'od.uced ..h: on 1.IIId1.fterent1ated cal.l.ua oultu:rea ot olov.r, but taUed 
< " '," 

to rep:od.uoe on mot culture ot clD'nIr or toato. Doll1ver n. M.. (1962) 

toUDd that cryaantbeINI ne.atocle 6JNrwhrz14r rU'B.Nai (Scb1fC'tB. 1911) 

St.e1ner aDCl Bubrer, 1932, IZ'"' aDIl ault1pl1ed. on O&l.l.ua ot tobacco. cazrot, 

pa:r1w1Dtle UIl ur1fpld. S1mlar~, Vebater (1966) ud. VeNter url ID .. 

(1966) fOUDd tbat !. r1t!'.'511 gr:ew on """ua of a maaHr ot apec1 .. , 

1nclud1.ng oat, l."O88, lOtato aD! red c1Dver. all nonhoat of the patb)pln, 

and alao on callua of altalta, a DDrMl boat (Vebet.ar. 1967b). 

Ma.u.r clonee ot hYtIZ'&l varieU .. ot .,lover aD! aJ.t&lta baYe -
proven to be tpOd subat.Tat.ea for œVl!D9hut 41"'91 (ICubn, 1851) lI'1llpje., 

1936 (BiDptora &ad. i:rlbeon, 1963). I:r:'uabcc (1961) ~ted w1'th 

a1tal.fa, o.ar:z:ot, S1IM't potato. tob.oco ud II01'beu aDIl toœd. tbat &lt&lta 

prov1d.ed. the be.t rwJII!od.uctlon ot ~. dipMC1 aD! PatJ'l.eçhye !!!LGrabaa. 

1951. The rep:'Oduct1on ot !. rit!_WH &ad. ~. 41pec1 wu better OB 

alf'al.fa callua tb&D on •• 011,,,,,,. __ .. l . .... repmd.UCè ..u on altaJ.ta 

caJJ..ua but. not At. aU on 1n~ •• 111'np, ~ Scœoed.c &Dd. J-*1-

(1963) 1Ibo..t that Prat.T1M~' PBJIV'M ~ bette on 081111. tbaa 

root cultœea ot w.. cU.ft'tœIIII't pl.aDta. '1)'1. ... vrtœJI de Mu, 1884, 

&ad. tx1eœtp'wP9'N! q1e1eR' St«INI". 1971, ce __ to rwp:ocluce ..u on 

al:ta.lfa cal 1 ... , but DOt on caJ.l.ua of to.to, ba:occol1, oaa:ot, cab-'-, r7e 

or QOm (Dwn. &Dl ZuaItenaa, 1962). ,.... 1111. (1962) to'UDd. tbat oIrza 

cal.l.ua provecl bette IIU1:Nrt.rate tbaD o1t.ru. •• 0111.,.. tor 1Ie1rnFpw 

'1'11". but l&ter m.u. .. .., .. tb&t aJ1'aJ.t& ne11_ .. .,..sc to otn. 

oellua (..,. .. 1111. 1965). Qaum"_ Jw1M.'R9tRlel. OMb, 191" rep:o

duce4 on COft caU. ÙftlOpe1. ft.oaII J:OOt tiPI, but DOt 0Il a1.ftU'& oeJl. 

4evelo1*l f'l:oa 8"'''ne (ParaoeI!' .ad: Z**--n, ;967). ....' .. _ 

lB9JtctJII J«*1n., 19.56. r.ptod.U04Id. WIll OD. wblte 01.0...- oeJl ... but DOt on 

&1.t'&lta O&l.l.ua ('l'o1mIrbmd., lm). lb..... U. bu beeD reptriAd. tbat .,. 

l , 
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n.af;ocl .. wU.l aot 1D:tect or .ohi.ft tull develoJlMDt 111 \IIICI.1H...uatecl 

u..ue. P'or exupl.e, gq .. (19.58) fouad. tb&t 1Itlo14M'M 1P..,ttl 
~ 

(ICot"o1d. and. Wb1te. 1919) Cb1t1lOOCl, 1949, .,uld. DOt grov 011 ~ un-

d.U"t ... t.1&ted. tlaauet1 of to_to, but .,uld. SZOW UId coaplet.e l'ta l1te 

c;ycl.e 111 U ...... baYiDC .,.. d-.ne of WLeCU.1.ar clrIelopaerrt.. MUl..- (1963) 

obt&1.ned all at.pa of deYtio~ of !Il9'4PP9' lIII.lA Cb1t.1IOOd. 1949 111 

to ... to caUu., but 'IUOI1lazo t.11UJU8 or:nûd baye beeD ~ 111 t.be callua. 

~. lt hM b.-o~ tbat call.ua U .... of planta ïthat are 

rem..t&nt ta, or are DIXIboata of .. IMMtocle 111 ut. .. wU.l fnrl~ 

support &uœ ~n of tbat n-.tocle (B1Dpfora url B1.apt'Dra, 1976, 

~. 1961, Iruaberc aa4 Bl1ckeDat&:tf', 1964. V1&l1cr:oh1o!ll.!l. 

1973, Webatc am LoWè, 1966). 

Stur11.. haYe beeD ooaclucted 011 tbe et:tect. 01" teaplr&ture 

(Doll1ver n. 1:1.-.19621 IDsca& aDCl O'BumoI1. 1975. JobNon aDIl V1cl1ercb1o. 

1969&.b. 10..,.,. &,111.,1967. P.mud aDd. Webatc, 1967), the M41t1ol1 

of plant 8l'Ovt.h ~ (Beke ud Dlœl.1Dc, 1965. DoW .... â 11-, 

1962. J'&1a]Jmer Â 1iL..,196'f., 1CrwIbcc, 1961. ID~ 1111-,1967. 

"~ .. V1clleotd.o. 1966&, b, ~t Md. SCbUta". 1966a,b. 

~, 1966, 1961&.b. Ve1Mlter UIl ID .. , 1966),. ta. ...u.t.101l of 1Db1b

ltora (~. 196?b),- tbe .tteot of cl1fter.rt 1lut.rS...-t. ..u.a or WZ7-

iDe the ooaat1.tuenta 111 the ...u.ua (Bazlrc ud. DarUac. 196s. B1Dptara 

ml 8J.Dcwtora. 1976, Do111 ... Ji .. -,1962, bulb..- à Il., 19?Cf.. 

Jobnmn _ '1cl1ceh1o, 1969b. ~, 1961 •. ~ aIIIl 111'*-tatt. 

1964. JIoClluN MIl ftcl,t..ab1o, 1966a,b. 1181lel. .... Jbeta", 19?O. 11e4el 

a 11-. lm. ~. 196). SobI!oeUr:" J-*1., 196', 1'eaa:& aII1 

~ ... 1975) on n t.od.e ~ iD caU_ clllt ..... 
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1Ib1ch dUf.reDt1ation and plant 4. • .,..14jp nt takea placa, lt 1. ~ 

to 4.etcII1n. tbI <Doic. o~ ..u.., culture ooDdiUona u4 ta. SEOwtb 

bonone ratio (<>Morc lDd. v.tter, 1915). On tbe otbE' baDl, ~or the 

cul.tur1..oc o~ the n rtod...., rM.::mùl. Mluce bet..- ne.tode 

sr:owtb aDd reprocluCrt1oI1 aa:l Uuue gL'Ovtb 18 DHd._ for aucceaat'ul long 

tara ~ten&DC. ot the U80Cut1on ln culture (Jon_, 1980). lIecl1ua 

lIO~lecl w1 th ap:r bave uauaJ.~ been tound to be bett.er auJ:NJtzat.ea tbaD 

llqu1ii cultu:rea (s~, 19.58). 

'PtnP'Y' M .S'd1. Kir j. and lvaa., la & b1.a;bl,. epec1&llHel 

n .. tod.e and lt. pot_t1al u & blOloc1c&1 contzol acent of Ruaa1.an 

Imapweed bu been d~natrated (Vat.m, 191.5. Vaten aIId Harr1., ~n 
,'- '" ) 

pr:eu). It bu been sbom tb&t p1aI1't erdopu:u1t1o-.... t.ocles bII.". 

",.,,1 veel the &b1l1 t7 to lnduce mrpbDl.oc1caJ. c~ in tbI boat cella 1;0 , 

fora f~Jn. site. (Jon .. , 1981), Ud. the nutr1t1Ye della }IftMIl't in tbNe 

111 tes ACt .. po1llll:'tUl "n1llolD&1cal atJ*a- &t~ u m 811& ..... to the 
, 

p.U &Dl pl.l t=-- (JlDkS.ewioa G. Il., 1969). Tbe DU~'t1ve ~ aDd. , 

and _DOJt1& 111 u.atod. pl.l.a lIIIrY'e in tt. aM _ .. (Bb:d. ~~Io"1'., 
11 - ',,- -..-"'" ' 

197.5. VatlOll. 1975). The ..obud_ 'bJ' wld,cb tbe ..-~ ~ the 

dewlo~ ot tbMe. oeUa 11 DOt kDo1IIl (Sid mer n Il., 1980). 
" ' 

It bu bec re,orte4 tbat Jdcr:&Wz'7 u.at04.. ( •• c- Dl.V1_clwt 

!pp.,' taN ftPJIdd. "'.. Pratz1'" .".) are be1nc M.1D.t&1M!l rout1Del;r 

iD 'n.atocle 'bIIab' on au1tabl.. oaU._ t1aauee. In IIII41tloll &t~a to 

~ ~ 'tn- or "'Jll.'NëUo DeMto4M ( •••• mOw .,."., 

.......... ) ce ooat.1mdnc (11JIpton al IlDeItOra. 19161 IIr:1tuon, 

1980). ~,Il .... ..".. f'osslll pJ.la 011 atft&1. )IRt.a o~ ta. plant haYe 

DftWr been &-s.oal.lJ' oultund.. 81.D.oe 1,. _oSd" do .. DOi; D&tvr:allJ .... 

PMot ~ 2Jl tM .u (lftmt". âliL. •• 1976, lAId..., 19?'8) lta 
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d.1at.rtbut1oll ., nqld..:n uai..tuce (10...:L.v, 197). Vat.,n &Del Hu::r1a. 

ln preea). T'bI}1riuz7 objective of tbe ~ ooDducted. __ , ~ 

~n. to d.eftlop & d.e:t'1De!l &X8D10 aultuz:e II1l1'tea u1Dc Uaaue ~or 

~be MU oulture ot Y1abl. r.. R1adA- lanM tor 1Jluac1&t1 ft "' __ • "

The ua. o~ d1tttlnlrt nutrlct lM41a, tbe .. ot cl1ft' ... t ratiD. o~ ad4Â 

p:owth regul.&ton &ad. ... the oollb1D&t1on of 41tttlHllt t."." .. ~or 

llUrface ~ ta. ~tod.e 1Iloculua ..... aU OOIlp)MDta of t.bIe 

object1ve. Furthe.1.'llrlrw, lt 1. lIUfPRecl tb&t au.baequent RlIII1" abDuld 

he ooDdUC'ted to 1nVMt1&ate t.he nutrlt10llAl lIDI1 bDrmD&l. ~..non 1molw4 

ln the bost...,araa1te 1nt.eraot1on. 
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II.B. 

A .aJor probl. in aultur:1.Ds PwtoJRU1 tic n .... tod .. 18 the 

st,cU1.satlon 0'1 ta. orlSlna1 1DDculla. Jbr aucc...rul :N8Ulta. clean 

pretam:tlona o~ act1 ft ne..t.od.M ar. nqu1:nd.. AMrd.aUon procedures 

reJX)rted. in llt.catun have cC"t&1n l1.II:ltaUou aDd no 1.III1tozIa, con

sistent ..tœd bu been dav1ud. Tlwretore, in tbia st,1&Q' cI.1narent 

aet.hDc1a .... t:r:iecl to obta1.n lal:p qu&llUt1 .. of etcrii1Hd ~ .. 

for inoculation ot Ruaiu knapweer1 t1. ... oultu:rea. 'lbII pt'Oced.ures 

tollo-s. are pr'.8Iltecl in Table 1. 

18 
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TABLi 1. T"NP JOB W!fIZ:gtG PI..AJfl f/J!6SlTIQ NJil!!TOD13 

~. 

Pre atc1.U_t.l.on StertU_tl.on 

OLQ SM,!., 
fScrQb 01.D ln atc11. SubIMIl"p ~or 10-1,5 aln. 

a\U. 8ubMrp iD'" ln. 8OCl1ua tno-
et.buol 10-15 MO. 

V.. ln 1ItG1.l. d1at. 
y. 

"M'MWO 
AlI 'r" 

IIDmœMJ,_ 
1. 014 p1l.a out. opio ... 

lIC1 t.ate4 ln a__ 'b7 
,...tne a1r )-4 œura. 
..... 1;04 .. ooUecn..t bJ 
.......... a tunnel. teoh .. 

niqûe und... at..rlle 

oold1tlona. V ..... J-4 
tl... ln at.er11. 41a

UUed _ter. 

oblor1te, ae;1tate. 

V" 4-5 tu... ln 
at..rll. ~at. y. 

Aa abova 

2 aer1al t..J:aMtera to 

at.repto.,o1n aul1'ate, 

.s-6 t.ranat ... ot 
1Iter11e dlat. _ter • 

Poat Sterilisat10n 

Place pll on Agar 

lIeCl1ua oonta1n1n8 
.05t;s/L JI&laoh1te green 

+ .O'!Jc/L atreptoa,ycln 

aultate 

Aa above 

"_tode. trans
ferred ta agar 

RllWlCS 

Oontaa1nat10n 

after :3 days 

R&1FERlillfC1j' 

Dodds " lbberts, 1982 

Femd.ck, 1956 

Gallborg "Netter, 1975 

Lapaae, 1933 
Weln.teln " Jones, 1956 

Yeoun " Mac1aod., 1977 

Contaa1nat1on As above 

~ plla eut 

open atter 5 ~. 

lt() te ~ Barker "Darling, 19Ç5 
oontaa1.natlon 

...... 
\,l) 



TABLI 1. (Oont'd.) 

Pre steril1 ... tlon 

11.M aboya 

111. As aboya 
1 

IUII-ao-
I_tod .. oolleo"!1 by 

PlIXlmJBI 

Steril1sation Post Steri11sat10n 

Batobea ot 100 neMtoct.s As aboye 

1n:'100 ppa Hc012 + 1" 

atr.~a1n aultate 

2 alnut .. 

N-.tocl •• puaed .1118ly As above 

tbœU8h 5-6 batha ot 
20 ppa aala.ohi te green 

+ 1000 ppa .treptoll1cln 
aul.tate ()-4 hra). 

M_tod... lfubld ln 100 N .... tod.. trans-

........ ~ tunnel. teoh- ppa 1fcOl2 tor 2 llinut... ferred. to agar plates. 

niq .. (20 ppa aala.ohit. Tben)-4 tbea tdth 

s:r-n + 1000 ,.. strqtoll101n sulfate If neaatodas not utll-

RreptoIWoln aultate ln (1000 pta) + ulaohi te 1&ed for inoculation. 

jIIIIIIIt... 

, 

BDWiKS REFERE2fCIi5 

~ oontaa1natlon Dolllyer et !i., 1962 

lb oont&a1.nation. Kruaberg, 1961 

Tl •• oonsua1ng. Chen et al., 1961 

Method not suita.ble 

for large quantit-

les of n .... tode 

No contaa1.nation Barker & Darling, 1965 
Chen !.i !l., 1961 

Christie cie Crosaaan, 1936 

DllUver !1 !i., 1962 
lCrueberg, 1961 

1no .... tlon vat .. ). green (JO ppa). JI"1nally tbey wue stored at Ho oontaa1nation lDwnaber,y cie lDwnsbery ,1956 

Mountaln & Patrick, 1959 Il.-t.oclea MUbecl )-4 4-5 t1ae. tdtb ateriU 1'00. t .. p. on agar 

ti ... ln atorile di.t, diat1l1ed. water ..uua oonta1n1118 

y. .0.5l/L wa.ohlte 

green + .05 g/L 

.trepto~oin sulfate • 

• If n'If nttIW,trliU{IIfi' lin "II_li Mi j!~~_.""-'" 

~ 
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b. RUSSIAN KNAPWEED AND NEm.TODE CULTURE 

1. PLANT MATERIAL 

Russian knapweed. reota were collec~ed fram a field si te on the 

MacdonaJ.d Campus of McGl11 University, ste. Anne de Bellevue, Quebec, 

and after washing, they ';fere eut into approximately 7-8 cm. segments. 

The reot segments ';fere potted. in verm1cul1 te in 10 cm diameter pots.' 

The pots were placed ln a growth chamber, wi th the following environ

mental conditions: temperature night 10°C, day 20°C; day length 14 hr; 

l1ght intensi ty 75 microeinsteines (m -2s -1) (one microeinsteine = 

6.02Jxl07 photons); relative humid1ty)O%. The pots received. an excess 

of llX:>d.1f1ed Hoagland' s solution (Hoagland and Aron, 19J8-Appendix A), 

with 10.5 ppm nitrogan supplied as ammonium nit~ate -(NH4NO
J

) every second 

day f and on al ternate days recei ved suffident distilled water ta reach 

saturation. 

'lihen the plants were 11 months old, the terminal bud was eut off 

ta remove a.pical dominance. After a week the la.teraJ. buds, which were 0.5 

ta 1.0 cm long, were removed from the parent plant with a sharp razor bla.de. 

2. PREPARATION OF STERILE TISSUE 

All operations were performed aseptically in a la.minar flow 

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

forceps) wera ster111zed by ilnJJlersing them in 70% ethanol and dr1ed. ld th 
:, 

steril1zecl f11te:r/blotting paper. Before using each instrUJllent, :Ù wa.s 

dipped in 9~ ethaix>l and flamed and aJ.lowed to 0001. 

Sb:>ot apices were placed in a Syracuse watch glass and. the 

leav8s were removed. Apices were then submerged in 70%- etha.nol for 20-)0 

seconds, t~s.ferred. to ..so; (v/v) coJlUllerclal. blea.ch (Javex) solution for 

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

~ 

t 
! 

1 
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J. DISSECTION OF MERISTE)OO'IC OOM1iè3 

The dissection of the maristematic domes followed a procedure 

adApted. from Gamborg and. Wetter (1975) t and we:r.e performed. asepticaJ.ly , 
using a binocuJ.ar microscope w1 thin the laminar air flow cabinet. The 

mer1stematlc domes are enclosed wi thin many wb:>rls of leaves and are 

usually t'ree of contamination. 

The disinfected shoot apex was held w1 th a pair of forceps 

with one hand. under a lrorkable magniflcatlon (10 x 5OX) of the micro-

scapa. The outer whorls of leaveea...Jrere removed w1 th sharp sterile 

scalpel until the meristematic dome was rea.ched. The meristema.tic domes 

contain portions of procambial tissue and. two ta three leaf primordia. 

After four cuts at the base of the merlstematic dDmes at rlght angles to 

ea.ch other, the dome wa.s gently removed and. immedia.tely placed on the 

nutrient agar medium. 

4. NUI'RIENT AGAR MEDIUM 

The media, !t3 ot Murashige and. Smog (1962) (Append.1x: B) and 

BS of Gamborg and. Vatter: (1975) or its modifications (Append.1x: C), were 

used in the subsequent stui1es. The MS and. B5 media have been formulated. 

ta support the growth of' a w1d.e var1.ety of' tissues of bath monocotyledons 

and d.icotyled.ons (Na.ra;ya.naawamy, 1977) • 

.5. COOW'l'H IDHMONllS 

In the tolloll'ing ex:per1aents, the cytok1n1n used. wu benzyl

adenine (BA), oC -naphth&lelleaCet1c &cid (NAA) waa the aux1n eaployed and 

gibberellic ac1.d. (GA;) was the g1bberellin U8ed. The gibberell1c acid 

was tilter ster:1.llzed by paas1ng through NaJ.gene(R) fllter unit (Sybron! 

i • 



Nalge) wlth a 0.45 micron size fllter and was added under sterile con-

ditions after autoclaving xhe medium. 

~ o. TYPE AND SIZE OF CULTURE APPARATUS 

23 

Twenty ml of medium were dispensed intb 250 ml Erlenmeyer flasks, 
\ 

the openings covered wi th aluminum foil and the flasks autoclaved at 15 

psi and 115°e for 15 minutes. After autoclaVing, the flasks were 

allawed ta cool at room temperature and -:he medium could be stored for 

7. GROWTH CmmITIOtIS 

The cultures were 1nCL:.batcd or: il gnn-rth benet in the laboratory 

at 25 ::- 2°C and le hr day length ~ri th El. light :'ntensit:r of 6:; :"licro-

( "'2 - l \ elnsteines rn s ~) using fluore5cent 'cool -whi:.~' lignt. 

8. HISTOWGICAL !v1ETHODS 

1. FIXATION 

Cultures .. ere removed. f:::-om the :lask and any agar sv:'cking • .Al 

the callus was carefully removed. The cal lus or plant "';issues were cut 

into pieces not larger thar: 1.0 cm) and t.ransferred into vials contairü:--..g 

FAA fixati",re (for::lalln-acetic-aL::ohol) 'Pempel's mixture' (Appendix D). 

T{1e vials wers evacuated te remove trapped. air in the call'.tS or plant 

tisS\..les. T:'ssue specimens were kept 1:1 fixati"/g at roolt. temperat~ for 

ii . DEHYDRATIO N Al'iQ EMB EDDIN"C 

2 to J Umes ;.ri th water at room ~s;nperat:....re ar.d ;;ere left :n waL"ter for at 

leas"': 2 hr cr preferably ov<;rnight. The water .. as repla.ced cy -:.rar.sfe-'"':t'i!ig 
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through an ethanol series and. eventually to Tertiary Butyl Alcob:>l (TBA). 

The de~ating sequence through to TBA 15 llsted. in Append1x E. Speci

men in 100% TBA sMuld. be kept at temperature higher tban 26°C because 

TBA solidifies at 25.fc. The tissues lfere pl.aced in a 1:1 solutlon 

of TBAIpa.rafln 011, then 1/3 of the TBA:parafin oil was poured. off, and 

mel ted paraplast (60°c) added. and speclmens ware 1eft overnight in the 

oven at 60°c. The TBA:pa.ra.fln oil:paraplast vas replaced. by pure para-

pIast a.rrl exchanged. 2 times duri.ng one dél3 Wi th specimens rema.ining in 

the oven a.t 60°c. Specimens were em.bedd.ed 1.n pure pa;ra.plast and. the 

blocks were trlmmed. for section1.ng (Berlyn and. Miksche, 1976; Jensen, 

191.'::'; O'Brien and. McCully, 1981). 

1ii. SECTIONING 

Sections of 25 po- thic.kness were cut using a AD Spencer No. 820 

Rotary Microtome. Rlbbons with groups of 4-5 sections were fl.oated on 

water on clea.n sll.des 1dth very thin layer of Mayer' s adhesive (Albumen 

and ':;lycer1n). R1.bbons lfere gradual.ly stretched. on a warm plate (4QoC). 

The slldes wera d.raJned. and. then 1eft overn1ght for d.ry1..ng on the wa.rm 

plate. 

1. v • ST A1lfING ABD MOUNT I1iG 

iihen preparations vere perfectly dry, they were sta.1.ned. in 

Sa.fr&nin (1% 111 .50% ethanol) &Di Fast Green FCF (o.Y.' in 9~ ethanol) 

and cleared in carbol-xylene and x;rlene (BerlJn and H1bche, 1976; 

o 'Brten and. McCully, 1981) (Ap:pend1 x F). The atain«i spec1aena Wet1l 

.,unted. in CanMa balaaa, oovered with & oovera1..1p dria:i overn1.gbt in 

o an aven at p...../..o c. 

J 

; 
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EXPERHlENT 1 

The selection of the nutrient medium was the initial step in 

the tissue culture study. MS and B5 medium were prepared without any 

horIlk)nes and 20 ml were dispensed into 250 ml Erlenmeyer flasks and 

autoclaved.. 

Sooot tips of about 1 cm long were collected from Russian 

knapweed plants growing in growth chambers and after surface sterilizatior. 

they were put on either MS or B5 medium and. incubated on growth benches 

in the laboratory. Observations were made over a period of fi ve weeks on 

the growth of the young shoots ta determine which medium was superior in 

supportir.g Russian knapweed growth. 

SXPERDi&"lT 2 

'J3ing B 5 med.i ùf.1 wi th .'5 levels of auxin (:~AA) and cytokini::.s (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 vere 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 .. 1 th an aliquot of sterile nematode 1noculum contain1ng 

'approximately 50 nematodes in 1 ml of water, ..md.er sterile conditions to 

avoid contamination. After one month, the cultures were fiXed in FM 
\ 

(formalin-acetic-alcoool) 'Pempel's mixture' (Append.ix D), and dehydrated 

through TBA (Tertiary Butyl Alcoh:>l) series and embed.d.ed in pa.raplast 

(Appendix E). Sections were eut a.t 25 J.J using a AD Spencer No. 820 

Rotary Microtome and. were stained wi th Fast Green FCF and Saf'ranin 

(Appendix ?). 
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EXPER:ooM' 3 

Sinee nematode penetration oecurred in none of the previous 

cultures, another exper1ment 11&8 conducted taking in accaunt the possible 

environmental and nutrition&! candi tions which pl.q a lX»le in the pene-

tration of the nematod.e in the oost tissue. It is known th&t the pene-

trat10n of !:. 'R1c;r1cUs 1n nature taltes place wben the Rusaian knapweed. 

ls emerging or 1s at the 90il level (Watson, pe1"80nal co_unieation). 

B5 med1.um with 1.0 ag/L of BA and 0.01 mg/L of NAA waa sel.ected., becauae 

shoot 1I1Ul.t1pllca.tlon and. develoJll8Ilt wu best with th1s oo~nal. ratio. 

Once the cultures vere esta.bllshed (10 d.qs) they were cavered. w1. th 

molet, ster1l.e perll te or verJl1cull te which had been autocl.aved. and 

lnocula.ted vith an al.1quot of sterile neaatode inoeulua cant&1n1Ilg' appt.'Ox. 
\ 

.50 neu.todes in 1 ml of vater, as in the prev1.ous e.xperL..nt. Sinee 

pl.&nt growth wa.s slow an:l the plants cUd not appe8Z' through perll te or 

ve.rJl1cuJ.1te, GA) wu a.ppl.1ed. ta 8011e of the cultures at a rate of 0.5 

ag/L. F1.f"teen da,ys &t'ter G~ application b&l..f the plants froa each treat

lient were taken out, n..xed in FM ~ aectloned &8 in the previows expari-

Jaent. 

It haa been .a1tioned previ.oualy tbat the .od.1t1catlon of the 

culture lI8d.1ua amuld. be dons aeco1'd1.llg ta tbe objectives of the exper1-

ment. In the second. ~ of this eX:pc:1.aent. the 8.5 ..uua waa tberetore 

md.1f1ed baaed on the intOrMt1on, wb1.ch ~ incnued. penetration 

&D:l reproduction of the mMt.oc1_ in t1uue cul.ture (lkJl.l.1 .... !1 !:l., 

1962. Krua~ and Blloker1at&t't, 1964, McClure a.ad. V1&l1erch1o, 196(0). 

T1ID ..t.1uu, 15 mei. vith h1.&her ooncentrationa o't ucro

nutrlent.a. auc:z:o .. &ad. v1tM1na &Dd. la .... 1J:on ebalat.e and. B5t.od. w1th 

l.ov concentra.t1ona ot .-cronutr1cta, sucro .. , v1t.aat ne ud. 'eiD1'A 



(Appendix C) were formulated and culture procedures were followed as 

mentioned above. HOrIOOnes were suppliee!. at a rate of 1.0 mg,!L BA and 

0.01 mg,!L NU. The inoculated. cultures were incubated for one IOOnth, 
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fixed in FAA, embedd.ed ln paraplast and after sectioning, stained with 

safranin ar- fast green. 
/' 

EXPERTI1ENT 4 

3ince the penetration of the nematodes still posed a problem 

in this st~, it was decided that beside nutri t1ve factors, gibberellic 

acld might Ibe playlng a. role in the penetration of the nelll8.todes in 

zultures. 1 

)n this experit:lent, ~ing B 5 medium w1 th J leveis of BA, ~.jAA 
or"- GA) ""~h _ore 0.0 l, 0.1 and 1. 0 "";1., 27 comb1!Ul tions wer. 0 btained 

ar.d. meriste~ culture was performed following the procedures mentioned 

abova. :''1 lhe second. part of this ex:per1ment, the cultures were lnoculated 

.. '1th nematodes and incubated for 1 lIDnth. The cultures were fixed in FAA 

and sectioned following the a.bova mentioned procedures. 
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II.C. 

mgIKENT 1. 

The cultures illide us1.ng short apices on B5 JUd.1u:a of 

Gaaborg and V.tter (1975) an:l1f3 lI8d.1ua of Murub1ge and,SIrDog (1962) 

w1tblut any growth horllODea, ahowed the f'ollov1ng growth pattern over a 

per10d of Clve weeks. The data sUDa.:t'Y' la presented in Table 2. 



TABLI 2. OBSIftVATIOIIJ JW)I 011 CULTUBJ5 or SID)l' APICJ:3 ON B5 and. ttS MEIlI .... 
.,1111)111' CJPVTB flUIOns OViR A PPIOD OF 5 ~. __ _ 

v_t V_2 VD1C J "_4 

~ ~I li '61 Il 
... 

~l '61 li 1 a..m. I~IJ R...tta Il Beu.rks i~ Reaa.rks ~ Il ~ tM 
0 0 ii .. 1 .. 1 ~ , 

III 11 _ Plaat loat:1,. 1 1 ca Plant looJtlng 2 1.5 ca Sll6ht oallua J :).2 ca C&llus enlarged 
DO~. DDrMl. at bue of 1 ca. 
10 alup Ifo ohance IIboot. Laavea Laaves flesh,y, 

tbioken1r1f; and. th1ck, ah1n1ng 
fleatu" and. long . 

1 
, 

BS 1 1 ca Plaat look1nc 1 1.S Plant al1ahtl1 2 2 ca Slight o&l.lua 2 308 Slight callus 
DOZMl. ca cron. at bue .5 ca leaves green 
Ifo ohIInCe 1Ior.al. Le&vea green. and noraal 

No change IforMl 

.m;1..lnl;- .'o'lIwwhlu,n
n 

q $ ., 
,m' Il lit. 'lilllli"I"."1 Iii'" 't ._ .... ,"""'""' .......... -, .. .," 

... 

i ~i 
i~ fH 

0 '"~ , :Ii 

'+ 5ca 

) ).5 
ca 

~ 

"EDe 5 

Reaarks 

callws- turning 
aUptly brown 
Le&vea fles~. 
thick, ah1n1ng 
and long 

SUpt oallus 
1e&v8a green 
and norMl. 

~ 

• 

,1' ~ 
~ 
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EXPERlMENr 2. 

Meristem cultures were made on B5 medium with 5 levels of 

cytokinin (BA) and awd.n (NAA) which in total gave 25 c011lbina~ions. 

In a similar experiment, the cultures wera 1noculated. wi th nema.todes 

and. after one month the cultures were flxed., sectioned., and stained.. 

The resul ts are presented. in Table 3. 

From Ta.ble 3 the results 500W that the cult~n medium 

with highîevels of BA (5 or 10 mg/t) dld net give a positive response. 
-

There was very 11 ttle shoot developmeiit and callus formation. The 

cultures started browning after one IIlOnth. There was also very little 

or no different1ation in time of. callus. 

Medium w1 th h1gh levels of NAA (5 or 10 mg/t) and wi th lower 

levels of BA (0.01, 0.1 o:z;-'q. 0 mg/L) had ca.llus formation but there wa.s 

no different1at1on of t1ssue in the c&llus. 

\{hen the levels of BA in oompa.rison to NAA were h1gher (e.g. 

0.1 or 1.0 mg/L BA with 0.01 or 0.1 mg/L NA!) the medium supported very 

good stx>ot multiplication and development (Figure 1) and the plantlets 

could be subc\.Ù. tured and. establ1shed. (Figure 2). The callua in tl'1ese 

c\.Ù. tures alao soowed tissue differentiation. 

In the medium with the loweat level of BA (O.Olmg/L) and. w1th 

equa.l or sl1ghtly ~er Iaveh of NAA (0.01, 0.1 or 1.0 mg/I.) there was 

sllght- callus formation which bad. little tissue d.1fferentiation. Boat 

develoJaent wu observed in med1U1D with 0.1 or 1.0 ;g;L NAA. 

Thare waa no neJl&tod.e penetrat1.on in any of the cultures aBl 

therefore no gall formation 1!ook place. 
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TABLE J. 85 "IDM VITH 5 LBVEUl 0' CYTOKlNIN AfID A.UXIN (25 OOIllINA.TIONS). IfDCULATED Il 
It)XIlIJATBLY ~ III11A'1'OIIlIS AlID ftu:D A.Fn:R 1 IOIfTH 

B5 Md1ua Different1at1on M\.aber <lul.turea vitmut ne_tod .. (oontrol) forut.1on of Heu.tode Gall 
IliJL ot Ulle of oallua, roc ta , plant initiation or plMt penetration toraation 

(in seat.1on)Tt: BA I!M in cal.lua t plMtlete 4eYSlopaent 

.01 .01 +1 1 Sllght oallua, I1ttl. ahoot develo~nt ' None 

.01 .1 + :3 Sl1ght oallua forution, alllht root foraatlon 

.01 1.0 + 2 SllsbJ oallua foraation. root d.velo~ent alter 15 d.a.Ys -

.01 ;.0 , 1 Oallua forution 

.01 10.0 1 Sl1f1ht, cal.lua toraation 

.1 .01 ++ 4 L1ttl • .mot .ulUpl1cat1on and develoJaeflt 

.1 .1 ++ :3 L1tU • .mot ault1pUoat.1on and de'lelo~t 

.1 1.0 + 2 Sl1,nt oallua torution, litt1e shoot develo~t 

.1 ;.0 1 Sllgbt callua torutlon 

.1 10.0 1 S11gbt calluB forution 

1.0 .01 ++ 7 Shoot .ultlpll~.tlon and developaentt .. 
1.0 .1 ++ 6 Sliflht calluB forution, shoot aultlpllcation and 

d..velo,-ent 
1.0 1.0 ++ 4 Oallua torution, little .hoo~ .ultiplicatlon and 

bvelopent 
1.0 5·0 + 2 Sllght aallua fortlat1on .. 
1.0 10.0 1 Sllght callu. foraation 
5.0 .01 ++ 3 SUpt tshoot de.,elo~nt 
;.0 .1 + 2 Sllgbt ehoot developaent .. 
;.0 1.0 1 SUgbt shoot develo.-nt 
;.0 5.0 1 Ver.J Bllgbt callua torution 
5.0 10.0 1 Ver,r aligbt callua foraatlon 

10.0 .01 1 Ver.y alisht shoot 4evelopaent 
10.0 .1 1 Very al1lht ahoot developaent 
10.0 1.0 1 Vary aUght ab:lot developaent 
10.0 ;.0 1 V«ry allght shoot devel.opaent 
10.0 10.0 1 Yuy allght shoot developllent 

of - :: not dltrenfttl.ted "ft - '" no penetriUon--~--
+ ~ a11ghtly to lOder.tely dlfferentlated + ~ penetration 

++ '" hlghly d1ffereJrl."atal * Photograph of plant snowlng shoot au1 tlpllcation 

.. rr: mg"" JI' 1 n ' mm $: r !l'PI.Uiltan ~ ........... P.% .. ~ •• - " 

.. 

~ 
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u~ BS lIIed1ua or lts .xu.f'lcat1ons w1.th 1.0 -.g!L of BA and 

0.01 ag/L of MAA, the follow1.ng results, prtfUnted ln Table 4, vere 

obta.1.ned. 

AU the oultures devel.oped cal.l.ua to .,_ desree and. there 

wu sllght d.1f'f'erentlation of cella ln the callua tlaaue ln cultures on 

BS/perl1te and. BS/verm.cul1te wh1ch vere U1cubated. 'l'or 15 d.qa. 

Cultures f'roa the lIOd1f1ed B5 Md1la (B5 .,a,) w1.th h1gber concentrations 

of acronutr1.enta. 8UCI'OH and nua1 na and. lo" Feml'A wb1ch were in-

cubatecl for 15 or JO dqs had h1gbJ.y d.1ff'c:ent1atecl tiasue in the callua 

whereaa the re.t of the cultures n.d .oderateJ..y d1ftarentiated tlaauea 
.' 

in the~ caJ..lua (Table 4). lfu&tode penetration did DOt take pl&ce in 

aJI:I of the cuJ.turea wb1ch bad, parUt. or verII1.cullte. 1f1th or without 

G~ at &t'tel: 1S or JO dqs of 1ncub&tion. Onl,y one culture (Figure J) 

ma the .xl1.t'led BS JI8d1ua (BS.ad) Md n.-tode penetration (Figure 4) 

and. there ..... VfIII:1 allght oav1ty fODlation azoUDd the n .... tod. ••• 

1 
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TABL8 4. Il "P,I.II Oft 1TS IVDlfICAT JOH!J. UVCULATIiV VITH NI!JtATOl»lS 

85 MIlVIUM O1flerenUaUon 

1.0 ec/L BAI of U .. ue 

0.01 r.vL MM ln aallua • 

851perUte 
~15 d~a~ .. 
~ da,y- ++ 

B5!vena1oul1 te p5 Il&,pa~ .. 
~ d~a ++ 

ft 5-iCA/perl1 te 
~l5 d~al ++ 
~ d~a ++ 

B5-iCA!.ena1cullt8 
~15 day.~ ++ 

:JJ da,ya ++ 
B5 wlth hllher oon-
oentratlon. of aacro-
nutrl.,.t.., eucroae and 
vltaalna and low 
'.IDI'A (15 ~) p5 41Q'e~ +H 

JO daye +H 

B5 oo1t.h lo .. ooncunL
ratlona of .. cronutrlents 
suoro .. , vHulna and 
~'8i!urA tBSt .00) 

(15 4~a) 
(JO d~.) 

-+-t 
+t 

- = no dlCCerentlatlon 

Plant or CaHus Growth 

Leav .. thin, tranaparent.. BUght caHus, plant d1d IlOt oaerge 
.. .. " 11 H .. 

Leavaa lOlll!;, aHght caHus, plant eaorgect 

Sllght callua and plant aultlplicatlon 
311gbt ca11us, plant aul tl.pllcat1on and developaont ... 

Sllgbt callus and 11~tle plant aultlpllcatlon 
Sl1&f\t callua, 11H16 plant aul Upl1caU.on and devel.opllont. 

•• - = no penetra.t.ton 
.. " ponelration 

Heaa t.OO Il • • \ taH 
penetration fo~llon 

t - -. 

-+ (one culture 
only) 

Hone 

sl1ght 
cavlly 
Cor_tloll 

Hon., 

.. = .11~ht.ly dUrerenUated 
++ = .ooerately dlfforenllat.ed 

++T = n1&f\ly dlfterent.lated 
H. Phowgraphs of oulturea wl th lIeJIIltodes 

,. ~.......... '.,l .. ~ 1/0"""" 

~ 

t,....) 

Lù 



Figure 1. 'Meristem cuLture of Russian knapweed on B5 m_ed1um 
wi th 1.0 mg/L BA and 0.01 mg,!L NAA, showing shoot 
multiplication. l8X. 

Figure 2. Plantlet from B5 medium with 1.0 mg;'L BA and 0.01 

Figure J. 

Figure 4. 

mg/L NAA, subcul tured and established. 0.7 5X. 

Culture 0: Russlan knapweed. on mod.1f'ied B5 medium 
(B:5 mod) with 1.0 Blf!iL BA and 0.01 mg/L NAA, 
inocula ted. wi th ,nematodes. 4. 5X. 

Section of Russlan knapweed culture on modifled B5 
mediua (B5 mod) sbowing neu.todes w1 th sl1ght 
cav1 ty forma.tion around them. 162X.. 

) 
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:1.6 MG.i ''B"l. 
Nc._ (f) 



J6 

EXPERIMENl' 4 

Meristem cultures were grown on B 5 medi um~ wl th J levels of 

cytokinins (BA), auxin (NAA) and g1bberellic acid (GAJ) which gave 27 

comblna.tions. In a similar experiment, the cultures were 1noculated. with 

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

stained. Results are presented. in Table 5. 

When gibberellic acid (GA;) was added. to the medium, nematode 

penetration took place in IIlOst of the cultures (Table 5). Callus form-

ation took place in all the cultures and the ca.llus was slightly to 

IIlOderately di1'1'erentiated on medium with 0.01 mg/L BA, 0.01 mg/L NAA; 

0.1 mgJL BA, 0.1 ml/L NAA and 1.0 mg}L BA, 0.01 mg/L NAA, whereas callus 

on medium with 0.1 mgJL BA, 0.01 mg/L NAA was highly U1'ferentiated. 

Plant multiplication and development was also IIlOre in the medium wi th 0.1 

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

In the medium wi th 0.01 mg/L BA, 1.0 mg/L- NAA and. 0.1 mg/L GA; 

\(F1gu:re 5) the nematodes penetrated. the callus. There was no tissue dif

ferentiation or cavity formation around the nematodes with dedifferentiatlon 

of the tissues and the formation of nutritive cells and the nematodes were 

in the intercellular spaces (Figure 6). A s1m1lar type 01' response was 

observed in the medium with 1.0 mg/l BA, 0.1 mg/L NAA and 0.1 mg/L GAJ 

where the 'C&l.lus was light green wi th formation of plantlets (plant 

ini tiation) (Figure 20) and no tissue differentiation or dedifferentiation 

or cavity formation &rOund the nema:todes occurred (Figure 21). 

The med.1U11l wh1ch suppo'rted the highest plant multiplication 

and. development (0.1 mg/L BA, 0.01 mg/L NAA) (Figures 7, 10, 12) a.l.so had 

the highest nema.tod.e penetration, which was about 16 ta ~ (Figures 8, 

11, 1J). The callua tissue was diff'erent1at.ed and. the neu.todes were 

,', 

.} 
.1 
~ 
] 



( 

( 

' . . . 

i 
< 

~ 

... -
-

~ -
~ '" 
:! ~ 

§i 
_1 

!fi :1 

~ 

-' 

-
:t 

"'"-
" 1 
:; - .. 

> . 
" ---: 

. 
~ ;: 

- ::.. 
<'! -iii 
:: 
..;: " 
Il 

;;; -

:: 

~ 

.0; 

"" '" 
'" : 

; 

. .., 
-;:;;....
.;:-
.... .Ç ... 

!:ai;~ 
,- .., .. -.. fi " -:: 
'" fi - - -- :: ;; -- ..., 

l' r .., .., 
~ 

- - -
-:::"'i:~'::":' - ----

--:. 
.:: ::: 

:.. :;: -: 

-- -: ::: ::: 

.::. 

. -.:: -:: 

" -- -

;; c 

.:: .:: 

:: -
.:: 

-----~ - - '" - .ri ....... -- ..... _-

---.:._,;:... 

- ~ . - - ----

." 

;; 

- : 

. '" ,. 

.~ .. 
0> "" 
~ : 

' .. 

-- "': 

- - -_ ~ :- ':4-

- __ "t:;";:' '. 

~ - - ,.. 
~ - .- - -

_ .... J" ---. __ -_r-- __ _ 

- -: ~ ,. 

~ - -
- - ::. ... 

17 

o _ 

.-. - = 

. , 

. - ~ 



J8 

( 

c.c~ ",:,er:e-

=-::ser::. • 

-... "....e:..;: <;: 

li tt.:e :::a:'=- .. ~-- -': 

,"-

.,... ; ...... 3.-

, 
::-:: -: == ...... '- -- ~.., --

-..-- .... , ............ -~ 
r- ......... -<------

1 

1 



1 

\ 

Figure 5. Culture of R'.lssiar. knapweed on 55 mediu.m .nth O.Ol 
:ng;'r.. BA. :'.0 w.gj: '~AA a.-::i 0.1 :-:,gJL ';A·v :'r.ocula;:èd 

J 

?igure ':. Section of Russia.:: :mapweed cult-..:re on S5 mediun: 
wi th 0.01 !Il&" L BA, 1.0 mg! L NAA and 0.1 m.g;'L GA,.. 
"iematodes i:: undifferentiated tissue. 162X. J 

i 
i 





Figure 7. 

F'1.gu:re ::;. 

Culture of Rusaian knapweed on B5 medium with 0.1 mg/L 
BA, 0.01 mg/L NAA and 0.01 mg/L GA) 1noculate:t with 
nematodes. Gallus formation, plant multiplication and 
development. 4.5X • 

.3ection of R~s1an knapweed culture on B 5 medi t.ll':. wi th 
0.1 mg/L BA, 0.01 mg/L NAA a.nd 0.01 mg,!L GAy 
!lematodes in c.a.v1ty. tissues different1a.ted., l02X. 

Section of a leaf Id th n_tode trom Rusaian knapweed. 
culture on 95 aediUlll with 0.1 rsg/L BA. 0.01 mg,1L NAA 
and 0.01 mg/L GAJ' 102X. 

• 

1 

1 

1 
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Figure 10. Culture of Russlan knapweed. on B.5 med1ua with 
0.1 maiL BA. 0.01 mg/L NAA and 0.1 mg/L GA~, 
lnoculated w1 th nema.tode8. Callus format16n, 
plant multiplication and de~lopaent. .5X. 

Figure Il. 

1 

Section oi Ruaa1an Jm&pweed. culture on B.5 
aed1ua w1th 0.1 ~L BA. 0.01 aglL NAA and. 
0.1 IlfiL GAJ' Neaatod.es present in cav1ty and. 
ce1l8. T1ai ditisrentiated. 162X. 

1 
/ 

. . , 

Î 
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Figure 12. 

Figure 1). 

Culture of RuaBian knapweed. on B5 medium with 
0.1 .ut BA, 0.01 agit NAA and. 1.0 Jlf!!L GA). 
Callua formation, plant .ul tipllcat10n and 
develo~t. 4.5X. 

Sec't1on of Ruaa1an knapweed culture on BS IIed.1wn 
vith 0.1 "6/L BA, 0.01 .uL NAA and 1.0 mg/L GA). 
~tod .. present in caVi ty and cella. Tille 
d1t:ferentiated.. 10Zl. 

Figure 14. Sect.1.on of Ruaa1an kna~ed. oulture on BS aed.1ua 
vith 0.1 ";L BA, 0.1 J.g,!L KU &Pd 1.0 ';L ~. 
Ne ... todes present in celle 1801. . 

Figure 15. Section of a aeristea vi th n_tode. rro. ba1an 
laI&pw«l culture on B5 Md.1ua w1th 0 .. 1 ";L BA. 
0.01 ac/L MAA and 1.0 ";L GA). 'n1e neaatode. 
bave DOt penetrated. th. t1aeue. 102X. 

i t . 
./ 
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Figure 16. 

Figure 17. 

Figure 18. 

Figure 19. 

Culture of Russian knapweed on B5 medium wi th 0.1 
mg/L BA, 0.01 mg/L HM and 0.1 mUL GA3' caJ.lu.s 
formation and plant lDttlatlon. ~.5X" 

Section of Russian knapweed culture on 85 Jaedium 
with 1.0 mg/L BA, 0.01 mg/L NAA am. 0.1 ~L GA • 
Neaatodes present in cavi ty • Tissue ditferenti 2 
steel. 68x. 

Culture of Ruseian lal..apwMd on B.5 Md1U11 1d.th 1.0 
rag/L BA, 0.01 lI4!IL NAA aDCl 1.0 ";L GA). callus 
foraa.tion-..and plant 1rd. U&t.1on. '+.7 5X. 

Section of Rua.ian knapweed culture on B5 Mdiua 
vith 1.0 ';L BA. 0.01 'IIl!:IL NAA and 1.0 mg/L GA)" 
N_tode. present in cart ty • Tissue differ-
entiat«i. BOX. 
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Figure 20 .. 

F1gure21. 

Cul ture of Russian knapweed. on B5 medium wi th 1.0 
mg!L BA, 0.1 mg,!L NAA and 0.1 mg/L GA)_ Callus 
formation and very little plant initiation. 
4.75X. 

Section of Russian kna.pweed culture on B5 medium 
with 1.0 mg/L BA, 0.1 ing!L NAA and 0.1 mgJL GA • 
Nematodes in undifferentiated tissue. 91X. J 
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OOI!'t.ACt Id t~ the sterilant.. 

tod._, ther~ t.ne agar 

generall:r :: t~ 
,1 

un, 1971). 

1.ng the procedure::;; outlin':Y.i by :C::"'::..i ve:- ~~ al. 

cont.&.ll1.natior.. on ,-he aga.r plates. 

ainutes wi tr: 100 ppn 

(Chen et al. , l~b_ : V..rusterg, :9c:) pro-;oc. to:;e very effect1",;,,= a.no. 

lu. 

sterile :t:.5~illeG. 
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"'-1 + '''''pt"".,..1.._ v"""""," ~ ... :ne "'! ed.!. ..l.l": 5 5.0 or :0.0 ~:) 

:iS3J.e 

).01, O.:. or :.0 :::-..g; =. / 

"herea.3 , ~ ..... 
':om:::ir.atbr: 

. '" ::*." or 10 0 ~_I·, 
J... .~~j ~here ~as only 3ligh~ shoot 

'1edi..u:: -mien :1.ad 1010( leveis of both BA and ~IAA sUpp'rtoo 

·;all..l!;; ::'or.:'.a:.::'on ani plantlets were lm tlated from the ::allus. liher: 

seç",! :ms of' -:he callus fMI'e :nediillllS olt:h low levels of BA and ~;AA ware 

~xa,;ni::9'i. :h.,. -:.issue .ras fo'lIld ta have 'l'a.scular ilfferentla.t1on. The 

amour:t 'Jf :a:;;.;;üar iifferer.tiatior. 1:1 :ne tissue va.r1ed. 



r~:,""")ducti.v:-. i.r. ;-lant <:'isS"Je cul:.ures :ie;:x)"strate :nat plant g:::owtr1 5:"::;-

~ f , * ,Ar .. , 

-""-roM .• ~.tor ~.~ ?ra .... 1e ... chu'" ~netr~ .... '" ." ... .., ':) ... ... f:r- ~ ........... ""- ... _t_... vf ....... ~ 0 ~ Q.J."~ ~~_ :.., • 

~nis st:.riy, wr.-er! the 

?ecet:::-3. -::"on 0: :ne !leaa.todes i:: 

.. as added td- the mm..l.Cl 

"001 J..'""; cor. tair:ed or.1:1 !l • 
;';1'. 

tissue cultclres was :;ot acnieved, 

- ~'~ 
in co.!!lbinatior. wi~3r:. and :iAA, 

. ) 

~r. ~st Ji the ~~tures ~hetner or no~ 

occurred Table S, The neriste:-

";ult...:.r~s" ,.Je!:'? :ixed i:: FA.A., one 'X)ntn after th9Y nad.. beer: !..r.oculated .. 1 ~h 

, -,:).>.:l -.er..a.~es. I3moedded 1.:;. ?4I'affi:-: ar.d 3ectior.ed a't 25 'lsing a rotary 

:'licro toce, were stained wi th 5afrar.in and F'ast ~een FeF. The sections 

,Jf the cùlt.t:res were observed under the !lÜ.:n-oscope in a serial manner te 

estlt'J.ate the percent nematode penetration. In cultures ~~th no tissue 

l1fferer.-:iation the penetration was from ~ ",0 :0% wnereas in tissues ;.d th 

',rascular de·,r'31opment. the penetration was :rom 1':) te 20%. 
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Celi WIll. th1ckneae ma.y be an Uiportant factor in the sua-

ceptibl11 ty of callus tissue. The celi wal1.s of yoUllg ca.l1us tissues 

appMr to be vm:y thin and ~ unprot.ected by ep1dex:uJ. cella whieh 

probably enab1ea the neM.tod.es to penetr&t.e. '!'he 1nc:rea.sed restatance 

of oldar e&llua lUg' be due pr1JI&r1l.y ta 1ncreaaed 0811 nl.l thickneaa 

(Barker and Darllng, 1965)-, There 18 cleu evidence that G"J haa a 

synergistic affect wi th other growth regulators on the celi wa.l.1s ,of the 

trea.ted tlssU88 (Zeroni and Hall, 1980) and. this could. a.ccount for the 

penetration of the neaatodss in cultures when GA) was supp1B1Mnted ln the 

:aedia.. 

The Cled.1UJl wh1.ch supported. t.he highest d..1fferent1ation of tissue 

ln callus (0.1 sg!L BA and 0.01 lIIJ/L NA! in collb1nation nth three 1eve15 

of GA) alao bad the h:1.gheat nuaber of plants (Figures 7, 10 and. 12, 

and neaatode penetration (Figures 8, li and 13). The nuatod.ee in theae 

c~turea nre present eithar int«reel.lula.rly (f1&ure 14) or Ifare con-

tained in a dArtty wtûch h8d necroa1a along lta 1I&ll.a. In a laboratory ~ 

mat specifie stucly, the ga1.la f'ol'Md. by f.. plqr1d.1, on 80 .. nonhost plants 

h8d a. variable reaponse, Mi th a cent:cal cart ty oonta.1n1ng neaatodea but 

there na pronounced. nec:roai. alon« the wa.lla of the cavity 1natMd of 

cella contajnjng abUl'ldant eTtopl.aaa (ilataon, 1975). The boat reaponae to 

nell&tod.es in cul.turee in this at.Wy lf&a ao .. wbat s1a11ar to the gal1 

tiuue of the nonhost p1.aDta obaarved. by lIat.,n (1975). The onl,y d.i.fi'er-

enee in the cultures in this at\dy ..... tbat the necroa1.a ..... not as 

pronounced. ln one of tbe cul. tures Ob the Mdi,. oonta1nlD« 0.1 as/L BAI 

0.01 "«/'L Hü &ad 0.01, ";L~, tb8re vu a al.1&ht 1nd1ca.t.1on of p.ll 

fo:r..tion on one of the leavea. but o~ one ~tod. ...... pre88llt in the 

cav1.ty and thsre were DO nutritive cella (Figure 9). In aed1œ. oonta1n1.ng 

""~ ~. 

.J 



60 

0.1 ~L BA, 0.01 .,uL HM and 1.0 1115/L GAJ thare 'lrere n .... tod..s present 

in the Mr1steu.tic reg10n but had IlOt penet.r&ted the tissues (Figure 15) 

1nd1catlng that .f.. R1c:é41s ~ be a.ttracted to ~he growing aer1.stea. 

In cultures on udiUll with 1.0 .,yL BA and 0.01 Jt&!'L NAA with 

0.1 ~L GA; (~ 17) and 1.0 "«fL ~J (F1.gure 19) the bo~ resplnae 

te the neaatod..s wu sj.1] Ar ta the cul turBe on lII8d.1 UII oont&i.n1ng O. l m&I L 

BA and. 0.01 lII!!L HM tn comb1.na.tlon 'ldth the three leve1s ai' G~. The 

r~eaa.tod.es W'&re present in a 'Carl ty w1 th solle nec:rosis, but fewer neJl&todss 

~ere present in thes8 cul,tures coapar.ed te the cultures on aed.1um con-

t.a.iDing 0.1 mi/L BA and 0.01 ag/L NAA in collbinatlon with the three levaIs 

of GAy- The reducad nuaber of nematodes could be expl.&ined due to the 

sllght vascular differentia.tlon of the tisaus t with ooly plant initiation 

and the 1eaYes forllf:td were thin and twisted. (~ 16 and 18). 

The JHd1uaa conta.1.n1ng 0.01 .,yL BA am 1.0 1Igj'L NAA, 0.1 m&lL 

BA and 1.0 IIf!./L .MAA, 1.0 agjL BA and 1.0 "";L HM in ooablna.t1on with. 

th.ne levels of GA; onl,y supported. c&l.lua growth (Figures 5 and 20). 

'rhere wu no d1fferentlat.ion of tiuue in the e&llua and when tnB n-.a.-

todes entered the callua, t.here 11'&8 no cav1ty fot:ation nor necros1s of 

the ti8sue aroUDd the neu.todes (F1gures 6 and 21). It 11'&8 probable 

that the boat tlaaue d.1d. IlOt react to the penetration of the n.-atod..s, 

therefore no carl t.y to:ma.t1on took place. 
\> 

Webeter (1967b) perforaed a series of growth resuJ.ator etaU .. 

ua1.n« AljIbtl.sctal4M r1t1wbol1 &Di &U'alfa .. tJle bl)at plant. In Md.1œ 

laold ne 2,4-D neaatode repE'Oduct.1on 1..na:reaaed 'lrben ld.net1n, ~, IAA aI: 

tryptopban were added to the Md1.ua. P'U:rthemon the oo.,1n&tiona GA) + 



t 
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:AA lU1d GA] .... tryptophan were bette.r tnan GA) alone. The -:::.oncentrat1ons 

'.)f ;;Ay in h1s stoo,y were 10 or ':IJ mt!/L and .... ere llluch h1gher thân the 

ones used in thia study. 

The use of tryptopha.n in plant tissue cultures Mye produced 

oontradictory results (G&utheret. 19.55). Nickell and. Burkholder (1950) 

and. Riker a.n:i ';utsche (1948) obtained. no stimulation in the plant tissues 

;.ri tn this a.m.1no a.cid but Ku.lescna. and. ;.a,.utheret ,194'1) üscovered that !. .. 

iispla.ys stimulatory am. format;ive :properties 3im1lar ta toose of aux1ns. 

;:t n.as bean delllOnstrated that tryptophan la the pr1.ma.ry precursor L'1 the 

pathway of IAA biosynthesis both in microorganisas and higher plants. 

This suggestion la :rupported by the close che1lÛ.ca.l s.i1a1lar1 ty of trypto-

phan a.rd UA, as well as their ubiqui tous occurrence &f:l natural consti tu

ents of higher plants (Sembdne:r ll!:l. J 1980). The formation of lU from 

tryptophan has l?een studied both in intact plant tissues a.nd in cell-free 

preparations (Libbert II !:l.., 19'70; Schneider and. WightJaa.n, 1974, 1978), 

and. 1 t has al80 been found that i ta &Cti vi ty is about one hundred times 

less than that of lM, that la, it causes the SUIe reactions but at oon-

centratlons a hundred. tues h1gher in plant tissue cultures (Gautheret, 

1955). It bas been fo\llld that nema.tode secretions, wh1.ch contain neither 

a.wd.ns nor cy"tok1.1ûns, induce a.ct1 vely growing tissue to forin syncytia 

which U8UAlly occur in the fOrlll of a cluster of mul tinuclear c~lla wi th 

hypertroplw and. hyperp1as1a (Sandsted.t and. Schuster, 1966&). The aux1ns 

are also oot freed. from the plant tissue. Instead., 1 t la suggested that 

nematodes enable the tissue to retain and. use endogenous aux:1.ns that 

otherw1se NOuld. have been t:ra.nsported. ta the basal ends of the segments 

(Sandstedt and Schuster, 1966b). Webster (1~67b) suggested. that the 

nematodes secrete proteolytic enzymes that release amino acids such as 

, 
;f-. 

1 

\ 
\ 
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cryptoph&n in galled tissues but IlOt ir. heal thy tissues and ~ncluded 

that lM ma,y be involved in the galllng mechanism. where soma of this 

fre€ tryptoph&.n could sasily be converted to LAA by enzymes in the nema-
h, 

'::ode or plant. Ii" this occurred IM could be the actual cause of gal11ng 

a.nd. the nematodes might cause "the plants te a.ccumulate IAA :Ln "::he 

v1..;:;in1 ty ?f ,he nema.todes. 

:0 ~u1~uring of the ?lant parasitic ~ematodeSf i~ ,~ bee~ 

Cl8.!!):mS""...rated. <:han 'when tr'Jptophan was addoo. ta th<:! ûtediù.m i::. combination 

w-i 1':.h ::;A, or lAA 0::: botn, the nematode :::eproduc"':.ion lncreasee. 3ignJf!.::::a.ntly 
J 

\~ebsterJ ~9b7b), where ~ubstances rrucn as GA~. tha~ stimulate calI 
, ~ 

act ivity and gt'OW"th. a.l80 provide Il favourable nutri tional er;.v1ronmen-: 

for nematode multiplication. 

Aoother }X)ssible reason loIhy the penetration of the nematodes 

took place in the cultures in exper1ment 4, in which the medi um conta.ined 

BA, NAA a.ni GAy was that the nema.todes had .been in a !ree li v1ng state 

on aga.r plates for a month and a half before they were iooculated in the 

Russian knapweed men.stem cultures. Wa.tson (1975) had suggested that f.. 

picrld1s la.rvae sOOuld remain in the ooi1 for about two months before 

they become lnfectlve. It ls probable that the nematodes in this :f'ree 

li ving stage build. up aom.e sort of enzyme mechanism which makes them in-

fectl ve, because hyd;rolytlc enzymes have long been considered to be 

involved. in the parasit1sm of plants by nematodes (Chitwood and Krusberg, 

1977; Daubert and. RoMe, 1971r Giebel, 1974; Krusberg, 1960, 1967; 

Miller and Sands, 19'77; ftbrgan and McAJ.J.a.n, 196.2; My ars , 1965; Tracey, 

19.58). 
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c CUlture stuiies w1 th !. ri tzemabosi suggest that unless aU 

~. 
conditions involving the nematode, the bost tissue and the environment 

are fa:vourable, maximum reproduction was not achieved and this conclusion 

bas also been true for Heterodera rostochiensis which has failed. ta re-

produce in undifferentiated p:>tato callus or cause syncytia ta form in 

the callus (Webster and Lowe, 1966). In this study, the penetration of 

the nema.todes in the cultures was achieved, but no nernatode reproduction 

occurred in arry of the cultures. It is suggested that further etudies , 
on env1.ronmental conditions, nutrition of the oost tissue in combina.tion 

wlth the hormonal factors soould be conducted.. 

\ .. 

,.1 

.. 
. ,.. 
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, III HOST PARASITE RELATIONSHIP 

A. INTRODUCTION 

It is not uncommon for diseased plants to manifest as part of 

their pathological syndrome sorne type of exaggerated growth disorder, 

leaf epinasty, adven~itious root formation, thickening or elongation of 

plant parts, lack of branching, bending of stemG, stuntillg and dis-

organized growth characteristics of tumors and galls. Although there 

i8 a great di versi ty in the organisms that effect sueh growth disorders 

on higher plants, the groups of principal importance are mi croorganisms, 

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

Galls are pathologically developed cells, tissues or organs of 

plants that have l'isen mostly by hypertrophy (ovel' growth) and hypel'

plasy (cell proliferation) under the influence of these parasitic ~ 

organisms (Mani, 1964). They represent the growth reacHon of plants to 

the attack of the parasite and are in sorne way related ta the feeding 

activity and nutritional physiology of the ~arasite (Küster, 1911). 

Nematode galls on aerial parts of the plant develop by hypert-rophy and 
/" 

hyperplasia of parenchyma tissue and usually ha~@ a central cavity con-

taining nématodes (Dropkin, 1969; Geodey, J.B., 1939,1948; Geodey, T., 
cl 

19}4,19J5,19J8), and a zone of cells with abundant cytoplasm that line 

the cavity (Mani, 1964). The cells which line the cavity are the sa 

called nutri ti va zone, and are usually cytoplasmically rich, contain 

fragmented. vacoules, exhibi t nuclear and nucleolar hypertrophy, rich in 

mitochondrla, and concain high concentrations of lipids, hydrolytic 

enzymes, and amino acids (Maresquelle and Meyer, 19651 Meyer, 1969). 
:' 

Plant endoparasitic nematodes have evolved·the ability to induce morpho-
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loSical ohangee in the hast cella te fOrB f~ sl tes. The mecnar.isu 

reaul ta a.r-: ':; ~ '.: ::. 3.:::-

nema.todes iL' 

1088 of sabs-<:. :u:.c<::::. 

plant to protect i -. .;)t:lf :~ro:-: a:-~ 
\ 

death, and that it ::3 il g:r3d . .lal 

-.e 

"'_ ·-.A 

::a.use 

Accordlng t~ Vtglicrchio (197l) neuatodo gall~ aro ~imply path-

ological swellings or enlargementG of, plant part:>, irrespective of 
;-

hi8tological organization or structure. Ho ntated that syncytla (giant 

cella) are not present.and no specialized cell types occur excapt in galle 

on AndropggoI1 pertusus Willd. caused by Not~uina cecidoplastes (Goodey, 

1934) \fui tohead, 1959. These ga.lls hava a weU dlff erentiated structure 

with distinctive ceU types (Goodey, 1934). There 113 an innermost nutri-

ti ve zone surrounded by a zone of strong walled cells which show secondary 

thickenings. The nutri tl ve ceUs close ta the gall cavi ty are enlarged, 

rounded ta rhomboidal 1n shape and. containl ng granular cytaplasm. Tho 

nucleus ls enlarged with 2 t,o J nucleol1. The colIs are vacuolated with 

"", 

no intercellular apacea. They have th1n walls and no chloroplasto. Outslde 
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(1980) f3x.a.r.d.n~i the :-~-:'stopa.thoger.esis ji ":.ho follar gali.::: ind,\.:.C,A by 

Notha.ngu1na Rr"yllobia. Thorr.o in SolanUJ:l e1aeaeJ:1±folium Gav. Th~y concluded 

that the exceptiona,l bloma.s~ of the galls supp:>rt the logic that S. 

el.a.eagn1foHum granular cells transfer cell-llle in nature and make up a 

tissue that functions as a. physiologica.l sink. The mecha.n1sms by whieh 

the nematodes trtgger the development of granular cells is IlOt known. 

Harris (1973) designed. a scorlng system for determining the 

relative effectivaness of biologieal control agents, and his approach 

was to solect for minimum oost-parasite oomeostasis. He atated. that 

.sinee gall formera have evoived. a homeostasis ;.rith their msts makes them 

incapable of causing seriOUE damage. Para.sitest.hat have had. a long and 

close association rl th a oost do not severely restrict i ta abundance as 

there has been a selection for reslstance (Pimentel, 1961). This 
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cri tar1& of ~ S _y "lOt. a. ppl.y ~ L: ga.:..: ~Or1lerS. 

bolic 

or metaoolizing :':'ssue mght -::o!:sti "t:....-::.e ~h<;l sink. Boots, ie·.r'31opiIl~ 

fruits, flowers. grow1ng stem "',i.ps a.n:i galis are common examples. The 

bull<: of translocated material. about nine-tentns or more, consists of 

carbohydrates (Zlll11lerma.nn, 1960) wt th sucrase and oligosaccharides the 

predominant translocated sugar3 (Biddulph and Cory, 1957; Kursonov et al. 1 

19581 Pr1stupa., 1959; Swan80n and El-Shishiny, 1958). Besides sucrase, 

glucose and fructose have been reported. in 5lIl8.ller amounts (Zimmermann, 

1960) • 

The granular cytoplasm and. pronounced nuclear acti vi ty are charac-

teristics that were observed in the nutritive tissue in the galls of numer-

ous cectdozoans (Dropkin, 1969; Goodey, J.B., 1948; Goodey, T., 1934, 

1938; Kostoff and Kerrlall, 19291 Mani, 1964; Rabois et a.l., 1975; 

Skinner ~ al., 1980; Watson and Shorthouse, 1979; Westphal, 1977). Closer 

examination of severa.l nematode species with electran m1croscopy revea.led 
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nemat.ode;" ll."9 sul tinuc:;"eate form ai r:.ra..nsfer ceUs 'Jones and Northcote. 

1?72a.l'-"72::;) • l~orma.l :.ransfer ::ell3 arp. thought to supply orga..nic 

nutrient;;; +..0 plant tissues W'hiCh are actively growing or secreting but 

nematode-induced transfer cells are toought to suppl] organic nutrients 

to the nem.a.tode (Bird and lDve-'fS, 1975). Pate and Gunning (1972) in 

their review of the transfer celi polnted out that there 18 li tt1e inform-

atlon on their physlo1og:1.caJ. role. Bird. and Loveys (1975) showed that 

the nematode-lnduced. transfer ceUs. and the nematode act as • sinks'. The 

uptake of carbon compounds in these nematode-induced cells lncreased at a 

tlme when there was maximum growth and actlv1ty of transfer cell-llke 

syncytia and. their components. It was aloo observed. that the organic 

nutriants required by these nematodes orlg1nated, at 1east ln part, from 

the products of current pootosynthesia and would thus presumably be trans

located to the nematode via the phloem (Blrd, 1962; Bird and. lDveys, 
\ 

1975). Some work on h1stochem1stry of nematode-lnduced. tr&l1sfer cells 

h.as been done by Gommera and Dropk1n (1977), but 11 tt1e work has been 

done on biochemical. ch&l1ges in plant tiasues lnjected with nematodes. 



, 
~~ :::::-'9a.sir:~ '":early i.C: :0::'::1 1:1 susceptibl.: plal1ts. Owens and. 3pecht 

i:L...3ù reported lncreases in praline and. 6~:)l.e'i that giant cella wer~ 

<:specia.lly :::1.ch in r.inhydrin-rx:>siüve -:ompour.d.s. DeMott (1965) est1mated 

tha~ nexose lOClnopoosphate pathway was 14 to 18 times rore active in galled 

roQts than in non-infected. tissue. 

p~ p1cridis 18 a. highly specialized. parasite. The 

nematode ha.s a. histospec1fic and. exceptionally pronounced affect on the 

IOOrpoology of lts oost. Kirjanova and. Iva,nova. (1969). am Watson (1975) 

have p:roJlOsed usl~ !:.. picrldis as a biological control agent of Ac:roptllon 

repens. Subsequent studies on oost specifiei ty, virulence, distribution 

and behavior of the nematode have dellOnstrated Hs sui tabl11 ty as a blo

control agent (Watson, 19751 Watson and Ha.t:T1s, ln press). 

This staly was performed. to investigate the effeet of the galle 

on the plant. The nutrl tl V6 zone in the galls i5 mas al ve compared rl th 

that of oost gall-forming nematodes, and although ehlorophyll oceurs in 

the outer layer of the wall surrounding the central cavlty, 11', probably 

contrlbutes but a small fraction of the photosynthates required for gall 

development. It i8 assumed that the nutritive celis act as powerful 

1 physiologtcal sinka 1 attraeting asslmilates of the plant to the gall and 

gall-malter. If i t is correct, the galls induced by I:. Eieridis on Rui3sian 

knapweed are constructed. l.a.rgely from tranelocated. asslmilates and. impose 

a considerable energy drain on the plant. The earbohydrate accumulation 

by the galls was lnvestigated w1 th the aid of radioactive tracers. 

/ 
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or. ":L'': ~1acdona..ld 8a.mpuG cJf McGill 'Jniver,üty. Ste. Anne de Bellevue, 

-iueb~c, and after washing, they were eut into 10 cm segments. The root 

seg::a~nts wer~ p:>':.ted. in vermiculi te in 15 cm d.iameter pots. The p:>ts 

WP.r~ placed. in a growth ch8.lllber Id th the 3arne environmental conditions as 

described in the previoUB section. The p:>ts received. an excese of modif-

100 Hoagland' 5 solution every second da.y and. on alternate da.ys receivEd 

sufficient distilled water ta reach saturation. Once the plants ellerged, 

they were inoculated wi th nematodes in a manner sim.ilar to that descr1bed 

by Watson (1975). Crushed. gall materlal was mlxed. in .500 ml of distilled. 

water and. was continuously agi tated for about 4- br by bubbling air through 

H. Once the namatodes emerged, the suspension was filtered through a 

'cheese cloth to obtain a claan nematode suspension. Ten ml of this sus

pension containing about 2000 nematodes was appl1ed to the vermicul1te 

surface. After about one month, the top growth was removed t'rom aIl the 

pots. Gall formation was recorded on the sooots that subsequently 

emerged. At least one to three galled. plants appeared in each pot. The 

galled plants were then separated and repotted in verm1culi te in 8 cm 

diameter pots, making sure tha.t the volume of the reots and a.lso the size 

of the sooots were approximately of the same size. The plants were left to 

grow in the growth chamber for about a month for the galls to a.ttain 

maturi ty. If seconda.ry plants emerged, they were eut off. Control plants 

were also grown in the same wa.y, the difference being that they were not 

lnoculated rlth the nematodes, and hance thora wa.s no gall formation. When 

these plants were rep:>tted in verm.1euJ.i te in 8 cm d1a.meter pots, their root 
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plar:'ts. AlI pla.nt3 wer'l water'.?d ;d th "'1Odif1~ Hoagland':3 301.J.tion as 

~ent ionO?d befor·~. 

('> 

<, 
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. he ~all. Plants "1 ',h onl'; on8 ~all .''?l'e .3''?lected [or thi3 sLrly. :'he 

,:;Ta ups "·:!re: 

:;alled plants: 

A - plants with lobed leaf margins and lyrate leaf, gallon leaf. 

B - plants wi th en tire leaf margins and spatulate leaf, gall on petiole. 

C - plants wi th entire leaf margins and spatulate leaf, gallon leaf. 

Nongalled plants: 

A - plants with lobed leaf margins and lyrate leaf, no gall (control). 

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

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

Three replicates were assigned per grqup. Visual condition of 

the gall was noted on a scale of l ta 4 where l 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 l - Appendix). 

The plants were taken to the radio tracer laboratory and 0.005 ml 

of Fructose D- [ll"C(U) 1 - was injected into the stem of each plant with a 

microsyringe (~0.185 MBVpl.ant). The isotope was obtained. from New England 
"'. 

Nuclear with a specifie aetivity of 200-)00 mCi/mmol. with a concentration 

of l mCi in 10 ml ethanol:water (9:1). The plants were taken back ta the 

growth chaJ'llber 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 
1 , , 

harvested and separated into: 
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-:'ne fresh weights a.f eaCh pla.'1t part (,Le. gallo leaf. root or 

stem. <) lias recorded. The fresh plant- tissues were dried overnight in an 

oven at 60°c and the ~J weights were recorded (Table l - appendix). Each 

plant part .. as finely groW1d and samples of 10 mg dry weight were prepared 

for liquid scintillation counting (for procedure see Appendix G). If the 

plant pa.:r-t was larger than YJ mg dry weight (e.g. leaf, l'Oot or stem.X) 

then at least three samples were prepaxed whieh 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 .. as prepaxed. Each sample was counted four 

times wi th a Nuclear Chicago I~/)OO liquid scintillation counter and 

the counts obtained were corrected for background. Since there was no 

significant difference between the counts obtained in samples from the 

same plant part, their means were used for further analysis . 

... 
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3iLC~ tn': injection of the ::::-adioacti "le i:1a.teriaL into the ,)ldnt 

in ,?xper:';;Jent L "as dane by 3. mi cro syringe , L t was thought tnat +-,ne in jury 

caused by inJectlng might ')ç :1ffecting the translocation in the plant 

: R. L. Pelletier, personal communications). Therefore anotner experiment 

"..ras designed in which the whole plant was put in a chamber through which 

J)tco2 was passed. The circuit was a closed system in which 14co2 ;.ras 

generated. when 50% lactic acid solution reacted with Ba
14co] in the CX)2 

genarator. The system had a pump (Portable Masterflex Sampling Pump) 

whieh regulated the flow of I4CX) and it also had a I4CO absorber which 2 2 

cantained HaOH (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 nUlllber of 

galls per plant. The approximate age of the galls was JO to 40 days. AlI 

plants nad spatulate leaves with entire Iea! margins. The groups were: 

Galled plants: 

A' - plants with one gall in the meristem regian. 

B' - plants wi th two galls; one gall in the meristem reglan and another 

gall on a leaf. 

Nongalled plants: 

C' - plants wi th no galls (control). 

BA14
CO (hot) was obtained from New England Nucleax with a 

) 

specifie activity of 5 mCi/mmol, the concentration obtained was 1 mGi in 

14 )9.5 mg of Ba CO)' To th15, 960.5 mg of BaCO) (cold) was added 50 that 

14 
when 5 mg of BaCO) + Ba CO) was taken, it contained approximate1y 0.185 

MBq of radioactivity. Fifteen 14C02 generators (injection bottles) were 

14 
prepared, each containing 5 mg of BaCO) + Ba CO)" 

----.... ----~--------------~------------~--~ ---
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l'J. 
::1 t,he - Xl 2 cha~'ïlb0r pliln t ~hamber), ilnd the chamb.,r \10.3 , 

o ',her cor:r:ectl0I13 ir: the sy~:;tem, Bubter tubing ... as avoided. '::)8C3.USe 0:' 

l i,S rather high permeabiUty ta ,:°
2

, l'nerefore 'Tygon' tubing was uSèd 

l, iJel.scr et al. 19b2). Bends a.r.d joints in r3;lass tubing were also checked 

!:'0r loJaks, :;;xtreme care was taken no t, to handle the pla..ltS '3xcessi vely 

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 CO
2 

and bright llght (Salisbury and Ross, 

1969). Once the plant was in the chamber, valve l was c10sed and valve II 

opened. The pump was turned on, air circulated through NaOH and CO2 present 

in the system was absorbed (low CO 2 partial pressure). The lights were also 

turned, on at this IDint. The Larnba LI-185 instrument with q,uantwn sensor 

Has used to measure quanta in the Photosynthetically Active Radiation 

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

on a plane surface. It Has found to be S7 microeinsteines (m -26 -1) on the 

7 photosynthesing leaves (Hhere one microeinsteines eqùals 6.0)4- x 10 

photons). The system was left running for JO ~nutes to ensure that the 

stomata were open. Stomata typically close in darkness and open in light. 

Opening in light appears to be brought about by a photosynthetic lowering 

of C0 2 partial pressure wlthin the leaf. The CO 2 inside the leaf controls 

this response (Salisbury and R03S, 1969). After JO minutes valve l was 

" 
opened, valve II close<! and 3 ml of 5Ô% lactic acid solution was injected 

14 
into the CO

2 
genarator with a hypodermic syringe. Tpe system was left 

runntng for a period of 15 minutes. After 15 minutes, the lights were 

turned off, valve l was closed and valve II opened, and NaOH was injected 

into the 14CO generator. The system was left running for another 15 
2 
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IÙ.nutes for excess 14002 to· be absorbed. The plant wa.a removed and the 

procedure was repeated. with all 15 plants. Treated plants were returned 

to the growth chal'lbtir and placed under normal condi tians for 2h hr for 

translocation to take place. M'ter 24 hr the plants were harvested and. 

separated into gall in meristem reglon (GALL 1). gallon Ieaf (GALL 2, 

leaves (LEAF). roots (HOOT) and stem (STEM). and were treated in the same 

manner as in exper1.ment 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 weights were prepared for 

l1<l.uid scintillation counting. In the previous experiment, sinee there 

was no significant difference between the counts obtained. in samples from 

the same plant part, therefore only vne sample per plant part wa'3 

prepared. 
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, 
1, Al. though galls cont,aln sôme chlorophyll in the outer layer, of 

the wa.l.l surrounding the central cavity, it ls assumed. that it contrib-

utes but a small fraction of the photosynthates required. for the gall 

development (Skinner et al. 1980). This experimont was conducted. ta 

demonstrate that the ga.l1s induced. by E. 'picridis on Russian knapweed are 

constructed. largely from the translocated assimilates and_impose a con-

siderable energy drain on the plant. 

Fort y plants of approximately the same age (5) ta 60 days) were 

selected. and were divided. into four groups (lO-plants/group) on the basts 

of the number of galls per plant. - AlI plants had spatulate leaf w1 th . 
entire leaf margins. If the plants had galls, the age of the galls was 

35 ta 40 days. The condition of the galls was recorded (Table III of 

Fresh wt/Dry wt, - Appendlx). The groups were: 

Galled plants: 

An - plants rd th one gall in the me.rlstern reglon. 

B" plants w1 th two galls; one gall in the meristem raglon and anoth~ 

gallon a Ieaf. 

" C" - plants with three galls; one gall in the merl stem ragion, second 

gallon a leaf below meristem, 1f1ni gali od ] eaf below the secOnd 

ga.ll. 

Nongall~_ p.i.. ,nts: 

Ill, D" - planto w1 th no galls (control). 

'-, , 
The procedures outlined in experiment 2 were followed'-wi th one' 

excep~ion. Instead,of putting the whole plant in ~h~ 14002 ohamber only 

14 
one leaf without gall was ,treated. ldth COZ" The leaves which receive 

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

• ~ 'ë 

, 0 

\ 
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EXPERIMENT 4- (A lJI'O RAD lOG RAPHY ) 

Since the data obtained from liquid scintillation counting 

gives only the quantitative representatlon of the results, a similar type 

of experiment using autoradiographie techniques was conducted ta gi ve 

qualitative representation of results in whlch 16 plants of approximately 

the same age ~ 50 ~o éO days) whtch were grown under ~he candi tians out-

llned ir: experinent 1, were selected. Hal: of these plants had. galls and 

the ag~ of +he ~alls was :ro~ 35 ~o 40 days. 

:he plan~s were taken to the radio tracer laborato~J and one leaf 

", .... 
(presentat ior. leaf; from the plants "las pu': i:;. the ..... ,:x)Z chamber \Oi ~h an a.ct-

ivtty of 0.185 ~q. 7~e procedures 0ut:ined in ~xperiment J wer~ followed. 

for tra.'1s.locatio:-: "';;0 take place. AP:er 24 !'X>U!."s, .... plants w1 th ga..lls ar.d 

.... w1 too'..:t ga.lis were kllled by pressing them on & oot plate and the other 

half We.I."e ~-ryested and separated inta gallo leaf. root, stem a.OO. present-

ation leaf and nxed in FM. Once the tissues were flxed, they ware de-

hYdratai through a TBA series a.ni embedded lr. paraff1.n wax following the 

procedclres o..;tlined in Appendix E. Sections of the elIlbedd.ed l'llater1al were 

eut at 25 :J.sing a rotary microtome and adhered ta microscope slldes 

uslng Myer' s albLUl\en. The thickness of tissue must be kept ln JD.1nd wh(m 

compa.r1ng stell, root, lea.f and. gall a.utoradio graphs, aa coaparlsons can 

only be made between tissues of sim.ilar th1ckness. 

The presaed plant specimens and the sectlonal. material were 

taken te a dazicroom and placed in contact wi th KODAK ~ FInI MS uaing 

film holders and. 1eft ln the dark. T'o protect the fiJ.m tro. d..auge a 

layer of 'SARAN WRAP' 101&8 put ln between the spec1.Jaen and film. 
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The pressed plants 'were 1ef't in contact with the film for 7 
1 

dqs and t~ sections for 21 days. After the allotted time, the film was 

reJK>ved t'rom the holders and developed. in D-19 developer at 20°C for 4 

Ilinutes. 

\ 
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ANALYSIS OF DATA 

The data .. ere ana.lysed. as a completely ra.nd.omized design to 

eva.luate the effects of the ga.lls on the plant. The number of galls per 

plant were a.ssigned as treatIl,ents and the plant part was considered as a 

variable. Since the coefficient of variabili ty was very high in counts 

per minute per 10 mg dry weight sample and disintegration par minute per 

plant part, square rout and natural log transformations were applled. to 

the data. Analysis of variance wa.s conducted and Duncan' s Multiple Range 

Test wa.s used ta locate signiflcant differences among the variables 

within treatments or:. the original and transformed data. StlXient pair 

't' tests wer~ used ta locate differences between treatment means of 

galled and '1ongalled plants wi thin variables. A correla.tion was also done 

betweer. the counts per minute or disintegration par minute and the frash 

weigh't /dry weight rat io, taking in account the po si tian and condition of 

the galls. 
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III.C. • RESULTS 

The COWltS obtained. from the samples are the measurements of 

radiation, and are the external iQ41catlon of a dev1.ce designed. to , 
enumerate ionizing avents. It may referl to a. single detected avent or 

t 
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to the total reg1stered in a g1 ven per1od. of time. The tera ls looaely 

used. to designate a. disin't.egratlon, lonizing event or vol.tage pulse. 

The average rate of occurrence of ionizing avants as observed by aeans of 

a. counting system (liquid scintillation coWlter) is the counting rate and 

1s usually exprassed. as counts per m1nute (CPM). 

Altb>ugh most radioactiv1.ty 1«):z:.it involv8s relative or ooapar-

ative measureJlents for a series of aurplea, lt ls .,.t1.aea dea1rable ta 

;; kIlO" the a.ctual ..,unt of rad.1oactlv1ty Jl&terial present. T~ quantity 

of a. radionucllde present in a source can be expreased &II a weiBht, .. , 

nuaber of ato_ or & d1s1ntegration rate. The d1a1ntesr&tl.on rate 18 the 

rate of deCAJ of nd1.oactive sub8tancea &Dd. lt 1. 11.11.1]1' expos._ .. 

d1a1ntegration pc' unit t1ae. 

UainC ...,:L .. ,d:t.b Imown ..,unt of nd1oact1n.t7 (1aba IV -

Append.1x) 8. catbon-14 Standard. Qu.ocb Curve 18 plotte4 (P'lcun l - Append.1x) 

vith the oount.a obta1ne4 tor the Auto-.Uc lb:tllm&l Studanl (œ) .. tbe 

depGlent var1.abl. Y aDd. ef':t'1c:1~ of tn. COWltc .. the 1l1li..,....-1; 

varlabl. x. u.1.Dg tbue val.-. in tbe ncr."on equat10a Y a: Jo + Je X. 

ta. Y-1J'1tercqt ( ;0) url tbe 1110,. of tbe "CrITlllon l1De ( .. ) la ob-

tatnè. 

'l'be etn.cl..a,r ot tbe plut .. ,.t. 18 ~ ùiaSt Nd ('fMlA IV -

App-" x). t'bit ett1c1.acJ s.a co ......... to De ........ o~ ta. l*olNa\U1tr 
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factors : window transmission, sensi ti ve volume, energy dependence, etc.) 

are included in a gi ven case and therefore in these experiments the con-

version factor was fo und to be 1. 67 • 

The counts obtained for the automatic external standard for the 

samples used in these experlments were used to find. the efflciency from 

:'he Carbon-l4- Standard 'luench curve and di viding the counts per minute 

14 
from channel B which 15 for C with the efflc1ency gives the dlsinte-

gratlon per llÛnute (:;:>PM) for 10 mg dry weight samplel5. This value of the 

iisintegratlon per minute when multipliai with the dry weight (mg) of' the 

plant par: g1 ves the total llsintegratlon per minute for the plant part. 

An important part of a report of the results of any exper1ment 

1.5 an indicat ion of the rel1a.bili ty of the reaul ta. This 18 particularly 

important when sllghtly different resulta would leld to _jar changes ln 

the interpretation of the l'eault.. Ine results obt&.1.ned for the p1a.nt 

parts ware in oounta per tdnute for the aaaple of 10 at! dry ... e16ht. The 
• 

very nature of the pracesa of radioactive clecay and the propertles of 

the radla.t ion eIÛ t ted lead. to errors in rad.1oaot1 vi. ty Ile&S\1reIMnta. If 

&lI the ltOurces of ertor are taken 1.nto cona1d.eratlon, the nen probl .. 

wh1ch arise. 18 whether &l.l the ndioact.1v1ty wh1ch 1. 8Uppl.1ed ta the 

plant, entera 1t or DOt, wh1ch lM&IlS th&t wbetber the .to_ta of the 

plant vere open or net at ttw t1.ae vnan the leav •• vere in the 14002 plant 

chaab.r. Then la ne certa1.nty .. ta the nuabc' of sto_ta wtû.ch liera 

open at tile t1M vl:wn the l .... vere leh to pbDtoaynthe.1se in l4002 

eh.aabc. The ooUllta obtalnerl t'or the .... plant part ma cl1.:tter.at planta 

in the .... e~t (repUcatu) Md & vw:t h1&h co.mcle11t of vu1.

&b.111 ty t theret'ore tbe data .. present.ed as percent. counts pc:' a1nut.. 

&bd square root and lo. tnzuItoJ:ll&tlona vere al., appllei to the data. 

S.1nce the OOWlU per II1.nut. or the trIUlatoraed d.&ta glv .. o~ the 
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quantitative representatlon of the results, therefore, for coaparative 

studies, f'requency bar charts lIere plottecl wh1ch gives a better v1.sual 

presentation of th1s stud,y, u.s1ng the Jleans of percent oounts par 
~ --

atnute, square root of oounts par lI1nute, natural log of counts per 
\ 

ainute, percect dis1ntegration per lI1nute, equare root ot d1s1ntegration 

~ lI1nute and natural log ot d1s1ntegra.tion per a1nute w1 th & Zgr A 

Pu:rrt'ER ua1ng the Stat1stical Anal;ys1.a Systea. 
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EXPERIMENT l 

S1.nce time (12, 24 or )6 hr) did net play a significant role in 

the translocation of the assimila tes, all the plants in each treatment 

were treated as one. 

The t'resh and dry weights of different parts of the galled and 

nongalled Russlan knapweed. plants injected. wi th Fructose D [14C(U)] - i8 

srown in Table l of the Append.lx and. the radioactlv1 ty recorded from 

these parts for 10 mg sampls corrected. for background in counts per 

minute 18 sbown ln Table V of Appendix. 

A oorrelation between oounta per IÙ.nute recorded in 10 mg dry 

weight gall suaples or disintegratlon per IÙ.nute recovered in galls wi th 

fresh welght/dry welght ratio of the gaJ..l paruetera shows tb&t. the cor

relation coefficient for counta per !I1nute wu o. n24~ w:1 th a prob~U1 ty 

levei ,of 0.0147 and the correlation coefficient for cUa1ntesration ~ 

IÙnute wu 0.64207 w:1.th a probabl11ty level of 0.0623. 

1'he nd.1oactl vi ty ln oounts par IÛnut.e for ~O -S dry we1ght 

saaplee in d1fferent p&rta of g&l.1a1 aDd non&&Ued. Ru_lan knapweecl planta 

w:h1eh vere inject.ed. w1:th Fructo .. D [14C(U)] - (Table V - AppencU.x) Md. 

71.0 to 95.7 percent ooet':tlc1ent of vv1&bl11ty. The data vaa theetore 

tranaf"oraed. and. averac- values were talten hoa the tranafor1Md. data. 

Table 6 shows the ..an tiatr1butl.on of nd1oactlv1t1 in the p.lled. and 

noncaJ.l«i plants .. percent counta pu: lIlnute. Square root ot couat. par 

Id.nute &ad Matural loc of couat. pc 1I1nut.e. St\llltnt pair • t' test wu 

per:toned. on tbe clata 00IlpC"1nc d.1:t:t.w:ent }IIIZU ot pJ.led. and. noncal1ed 

planta &ad 1t. vu tound. tbat the 1..., wu 0l'll7 plant ,.n IdptficalltlJ" 

d.1fferent at the "leftl. The plla ot ta.. lbWtdaa k_ .... plaIlt8 IIbDw 

the h1&heet &CC\a\Il.&t1on of rIId.1oact1 '11 t7 on ..... perc.at cOUD'" pc 
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IIdnute buis for 10 "II@: dry weight saapl. wh1ch was about 64.&,C. This 

percentage 1nd1catea the • a1nk &ct1.vity· of the galla. F1.guree 23. 24. 

and 2.5 show the diatrlbutl.on of nd.1.oactivity ln galled. and nangalled. 

Ruaa1.an knapreed pl4nts and the at-cn1t1cant ditference. between the plant 

parte at .5 percent level. wben the valuea in Tabl.. 6 are WI8d to plot the 

freq uenq bar charte. 

. 
'lbI total. ..,unt of ncl1D&C't1 vi t1 reoovered 1.n plled. and. nan-

plled. 1Iuaa1an knapwee4 plaIlt pIl"ta in d1.s1lrteCt"&t1on ,.. ld.m1te I.e abown 

in Table 7. The h1.cbMt J:'IId.1o&ctI. Yi t,. reoo.... ln the pl.&Dt part. after , 

t.r.&tIIeIrt v1.th Pructo .. D [14C(U) 1 - wu 1.n the la.yu. VbID oaapu1_na 

betweeD U. pU_ aacl aoep1lecl plut. pMU " .... Md- u.a1nc 8'tUIleDt pe.1.r 

'tt t.-t., tbe 1 .... of t.be pU_ aDIl ".,...11ecl pl..aDta ... a1&nlt1cut.l..1 

d11'f.reat .t the "Üftl. The plla a.ooœulau ùoU't 231& (d tM n41o

act1 v1 t7 1Ib1cb 1JIIl1au.. ~ • a1Dk ~' (d tbIt aa1la. '1'bI tzua

IDeation of redSOfM'Uft:tt- w--. ta. ...ua .. -tnl7 tzoa ta. leaftle. 

UI1nc the w.l-. la. fâle 1. tJ:wt~ .. oIMrna ... plD'tted. (n.cur-

26, 'Z1 aIIIl 28). 
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Table ,6. 

Group* 
(Trpe of 
plant.) 
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Distribution of radioactlv1ty in galled. and no~led. Ruaalan 
knapweed plants injeoted w1th,P'ructoM D [l4c(U}] -. These 
averaee values are obt&11le1;l. tro. the data xresented. in Table 
V o{ A'PJ).!!!4i x. (~t 1) 

,.r .-- ' 

Oount.B pc' a:1nut. (CPM) reoorded. in 10 ag dry 
lit. !f!IRl!& !'tts t:n!!:Mnt ** 

LlW' II)OT STIJl. X 

10.16 3.40 21.64 

57.31 2.12 40.57 

G&lled. Mean eq.rt. 153.56 
of CPII 

43.80 21.42 76.45 

Nonp.ll.ed 144.51 25.48 12J.3; 

G&llecl han œtural 9.59 7.19 5.8; 8.40 
. loc o( 

fIonpJ led CJIM 9.81 6.40 9.41 

* Group G&ll. ... - pl&ata 1I1th lobed. or ..ur. l-.t aerpD, lJ1:'ate or 
1Ip&tul.&te l-.t, 0_ pJ.l on l.t or ,.t1ole. 

,.".., 1", - pl.atia ft th l.oa..t or ...ur. l.r --.s.n. l,7rat.e 
or apat-u1 .... l..t'. DD p.ll. (aaaR'ol) 

.. S~ pt.1r • t· t.t aG4'I8r1JlC .. 1]_ MIl .... )1 ... p1uta partao 
...... 1f1t1d..rl a ao.l_ .. ~ ~ 4U'tceet At. .. " leNl 
.a.r.t.Dc t.be _ Une 'Ill t.Id.B a 8IIft1oD. 



JI'1&ure 23. CoIIp&r1ng the distribution o~ radioactiv1ty tW1.ng 

lMIU18 o~ pcrcer1t <lCHmta per lI1nute recordai in 

10 IIC drJ we1&bt uapl_ (Table 6), in plled and 

no".' J ed. Rueaian Jm&,...... planta injeoted. w1 th 

JI'ructo .. D [14C(U)] -. Bara ~ td.th .... 

lette' are not cicmficutl,y d1tfenat. at the ,. 

inti UII1lIc a StlllE't pa1.r 't.' tut. wbe pl1.ci 

url non.,.:J l ed. plaDt p&rta are oo.,.:ed. 

1 
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GALL 

a 

& 

A B 
Sl'D-X 

A - Pl.aata w.t. th one pJ.l 011 l..t or petiole. 

B - l'l.aIsU w1 th no pU (oon'trol) 

P'1Cuz'e 2) 
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ft.cure 2'+. 001lJlC'1.D& the d1str1but1on of red1oact1.v1.ty ua1.l1g .nn. of the .;. uare 1'OOt of oom:rta par II1nute ra

oorded 1.n 10 .. dry ~ uaplea (Table 6) 1.n 

pJ.l.ed aDd aoapl.led Ruaa1an kDapweed planta 

1n~ w1.th lI'ructoM D [14CCU) ] -. Ban topped w1.th 

__ letter an DOt a1&rdt1oazrtl)r d11'tcrent at the ~ 

leYel. UII1Dc a St\lllct pair 't" tewt, vben pll..t. and. 

noopUe4 plut pIIZ'tII Re oollpC'è. 

~ ) 

1 
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l"1cure 25. Oo~ the diatr1bution of rlldioactlv1ty ua1.ng 

--.na of t.be natural. log of oounta par Idnute re

corded in 10 118 dry we1ght S&IIpl.es (Table 6) in 

pJ.1ed azn nonp.lled Rualdan knapweed plants in

j~ed with Fructose D [14C(U) J -. Bars topped witb 

__ letter are not s1.goj flcantly d1ff'erent at the 

" level. ua1.ng a. stu:lent p&1r 't' test, vhen plled. 

&Dd nonplled plant }C"ta are ooapared. 

o 
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Table 7. Total radioactivity recovered in galled ~4nongalled. Russian 
kn&pMleed plants injected w1th Fructose D [ C(U)] -. These 
average val.ues are obtained by calculat1ng the d1s1ntegration 
par Idnute (DPK) rroa the data preaented. 1n Tables l and V of 
A17D8Dd1x (Ex'Der1ment ~l 

Group* 14C activ1ty recovered 10 plant part a:f'ter 
(Type of treatment ** 
plant) 

GALL LEAF IœT STEM. X 

Galled.. 
Mean % 2).04 33.35 20.04 23.56 

Nongalled DFM 67.75 7.47 24.78 

Galled. 
Mean sq.rt. 251..45 291.24 169.76 262.01 

Nongalled of DPM 715.10 2)0.01 395.73 

Galled 
Mean natural 10.53 10.89 9.95 10.80 

Nongalled log o~ DPPI 1).09 10.81. li.59 

* Group G&lled - Pl.anta Vith lobed or entire 1~ argin, l.yr&te or 
spatulate leat. one g&ll on leat' or petiole. 

Nongalled. - Plan'ta w1 th 14bed or entire leat ursin, lyrate 
or spatulate leat'. no gall (contzol) • 

.. Sturlent ~ • t' tMt 0QJIpIZ'ing plled aDd nonplled plant parta. 
"MoDAl w1 thin a colum are DDt a1pi f1cantly cl1fi"erent at the ~ 
level ah&r1ng the sa.- Une vi tb1.n a MOtion. 

i 
l 
1 

1 , 
1 
j 

j 
J , , 



--

~ 26. Coapa.r1ng the distribution of total. radioaat1 vi ty 

ua:l1lg aeans of percent di.s1ntegratlons per a1..nute 

reoovered. in the plant part (Table 7) in ~ed. 

and. nongalled Rusa1an knapweed plants l.njeet.ed w1th 
14 . 

Fructose D [ eCu) J -. Bars topped ld.th .... letter 

are not s1.gn1t1cantly d1.f'terent at the 5;C leTel us1ng 

& Stud8llt ~~. 1fben plled and. noDplled 
plant partIS aZ'It _ • 

. ' --..... 

1 , 
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F1.gure 2? Co~ the distr1bution o~ total red.1.oact1 Vi ty 

ua:1JJg MAD. o~ the aq URe root ol d1a1nt .... t1on. 

par a1.nute recovcecl 111 the plut ,.n (Table 7) in 

g&llal &Dd. aoDPllecl Bu8a1an ImaplfMll planta 1Djectecl 

with J'ructo .. J) [140 (U)] -. Jan topplCl1l1th __ 

leftl. ua1Dc & St1ll.eDt p&1.r 't' teet .. p.l]ecl 

aDd DOnpl.lè plaDt }C'ta an oo;.cpared. 
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n..cun 28. ~ 10be 418t.r1but1oll O~ total. nd.1oactS:9'1V 

ua1Dc .... ~ the D&tuaLl. loC ~ cI1a1DtepaUoDà 

pc ld.Du.te reao."'" ln the pl.ut pa:"ta (Tabl. 7) 111 
pU_ aDIl __ '1 ... ...t ..... , ••• pl&Dta ~ 

w110h P.raDto_ D [14C(U1] -. ,Ban toppe4 wl10h __ 

lette 1ft DOt et F'n.08Il't11 41tt __ t a.t the " 

leftl. -. .. S~,.u 't' tMt .... pl]. &Ill 

DO"']. p1.aDt ,..na &ft ~_. 
q 

).. 
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RtPIlWI2 

TM treeh aDd d1.'7 n1&bta of d1.fi' ... nt ~ of 1 the p.lled 

UId nongaJ.l.ed !twIm.an Im ... _ planta wb1ch ..... treat.ed. w1 th rIId.1oact1 ve 

14 . 
002 ln the 002 cbuIbc la reco1"Ùd. in Table II of AppeDeU x, ud the 

nd.1oacti vi ty lIMII\INCl troll tbeM pcrta tor 10 .. 4r.r ..s.cnt ..-pl .. 

OOJ!'reC'tecl tor b&okcr:ouzrJ. in oounta par Il1.nlite 1. ab:twn. in Table VI ot 

APJ*'dix. 

Binee the whole pl&nt wu tre&ted w1th 14002 in th. 14002 

cbubc:, about ~ ~t the nd1o&ct1v1 ty .. reta1necl by the le&vea 

(Table 8 and. rs...cureé 29, .}) aDd 31), &ad the 1 .... do DOt abov a 81p1.fi

cant d.1tfarence at .1C Inti wben a Stwlent pair • t· teat wu pc:tor..t. 

00IIpIIr1.ng pll ed and. DOnplled. pluta, W'bc"eu root. &ad st • ...,_ a 

Id pi tl~t cl1fiereDCe at the ,. leftl. l'be peroat aoUD.ta M 1d.11ute 

recDl'."d.è in tlw 10 .. dry w1cbt ••• _ ot the pJ.l.a ... about. 4-' 

IIb1ch 1Dd1oatea & b1Cb • a1Dt &et1 n. ty' • 

hbl.e 9 aD4 ncur- )1. )2 &ad. )3 abc- the total ..,UItt ot 

plut part8 in d1~ ,... Jd.mrte. The leaw. blId. rMalDed. _et 

ot the ndloact1Y1V ooJIIIK- 1'.0 tbIt mot. aD4 atea. 011 the bu1.a of 

JMIl'C*l't D.t.a1Jrtepat1oll ,... 1d.Ilut.e noownd. ln tbe pl.ult ,..na, a 

atuÙDt pa1r • t· t.t aoapR1Dc .'1. ud. DO"pl1el pIIZ'ta abon no , 

aSan1t1C&1lt un ..... at tbe ,. leftllnR __ ara.uan 1'OOt Md Datunl. 

loc tnuto~1ou ... ..,u- to tbII da'" _ta .. __ of aU 

.... 1el plaDU aIIIl lA&YW of p1&Dta wltb t.. p1l.a .... ~ dU-

t ___ At tba , leftl __ ..... _ 1d.tb DG ... 11_ plaIrM. '!be pll.a 

"'_11 __ ùotlt .. of tbe z ... U ... tJ:d.V 1IIId.ob. _ t ••• 1oo&te4 boa 

"\ 
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Table 10 1.nd1catea a poai t1 'nt correlation between the counta 

par ainU'te or d.1ai.ntegf'&t1on per atnute 111 th the tre.h night/dry 1f816ht 

ratio. or the gall., but 1 t _ not a1&n1t1cant at the 5 percent levaI. 
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Table 6. D1atrtbutlon of radlofW"tl vi t;y ln galled an1 nonplled Rusa1an knapweed plants wh10h 
ptlotoaynthea1aad ln 14002 ohallber. Theae average values &re obtained troa the data 
pre.ented in Table VI of Append1x. (lq?erillént 2) 

Group* 
Chunts per a1nute (CPM) r-eoorded ln 10 lIg dry welght 

(Type of 
aaa.ples after treataant ** 

plant) GALL l GALL 2 I..Et3 IIXYI' ST" 

GALLBD Plants with 1 gall A' Mean % 40.26 ~.15a 1.5& 4.00b 

Plurt.. w1 th 2 galle B' CPM 3.5.40 7.42 5).)5a 1.4&> 2.).5b 

J«)MGALLiD O' 7O.6oa 14.0.5a 15.).5a 

GALLI1D Planta wi th 1 gall A' Mean eq. 123.7) 1.52.18& 22.44b )2.65b 

Pla.nta w1 th 2 galla B' root of 1)0.74 .52.85 157.12& 21.),5b )o.50b 
NONGALLED C' 

CPK 116.75& 45.16& 5).6)& 

GALLID Planta w1 th l gall A' Mean natural 9.60 9.92& 6.10. 6.77a 

Planta w1 th 2 galls B' log of 9.64 7.76 10.02& 5.62b 6.59b 

NONGALLIi:D C' 
CPM 

9.4'7& 7.48& 7.96& 

* Group (Planta w1 th entire lea.f urgin and apa.tul&te leat) 
Galled - A' - Plants with one gall in the aer1st8lll raglon. 

B' - Plants w1 th two galls, one gal1 ln the aerlatea reg10n and another gallon 
a lea.f'. 

Nongalled - C' - Plants with no galla (oontrol). 

** Student pair 't' test ooapa:ring gal1ed. and nongalled plant parta. Mune within & ooluan fo11owed 
'bJ the .... latter 1d.thin a section are IlOt algn1f'lcantly different at the .5~ leve!. 

MY r JIlI'iiIiIoIMlillAllli!ot' .r1Îil:!'·I._fIiIilIIlllIi4S1i\1.\.~_~>,~ ..... , ... klwsdlll"""'i1l'IIif-~'·"""· btrm "f'trrr:t!tr j we", r <. t 

b 
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J'1.gure 29. CoIlpar1ng the distribution ot radioactiv1ty uaing 

aeaIUI ot percent OOUll:ta par ainute recorded in 10 

Ils dr,y we1ght lIUIplea (Table 8) in galled and non

salled Ruaeian Jm&pweed planta wb1cb pl»tos,yntbea1aed 

ln 14002 cbulber. Bara topped witb saae letter are 

DDt ;" pi nc_tly d1fi"aren't at the ~ lewl ua1.n« a 

Stment pair • t· test, men p.lled. and nonplled. 

plant pu:ta are coap&red. 
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A' - Plants w1 th one gall in mer1stea region. 

B' - Plants w1 th two galla, one gall in mer1stem 
reg10n and another gallo on a leat. 

C' - Planta w1 th no galla (control). i 

Figure 29 
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\ l'1.gure JO. Coapa:ri.n« the dist.r1bution of ndioactivity uaing 

aeana of the square root of ootmts par lIdnute 

recorded in 10 mg dry weight saaples (Table 8) in 

galled and nongalled Russian knapweed planta which ,,' 
14-photosyntheaised in 002 chamber. Bars topped. wi th 

saae latter are net significantly different at the 

~ leve! us:i.n« a stuient pair 't' test, whan galled. 

aDd nonplled pl&nt parts &ra ooapared.. 
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A' - Plant.s w1th one gaJ.l in aer1.at._ reg1.on. 

B • - Plant.s w1 th t.1IO gaJ.ls, one,p.ll in aer1stea rec10n 
and another gal.l on lea:t. ' 

Ct - Plants w1 th no ga.lls (control). 

Figure JO 
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ftcun 31. ~ tbe diatr1bkon of rad1oaot1vi.t.y ua1ng 

the .-na of natur&l. 10« of counta par lI1nute 

reccmled 1n ~o -S dry we1ght saaples (Tab~e 8) in 

plled alJd. nooplled .Ruaa1an knapweed plants wh1ch 

pbotosynthes1.sed 1n ~4(X)2 chaaber. Bars topped w1th 

... letter are not s:1sn1t1cantly d1.tferent at the 

~ level. ua1ng a Student pa1r ft' test, when galled 

and.. mnplled plant ~ ce collp&l!'ed. 
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A' B' C' ,A' B' C' A' B' C' A' B' C' A' B' C' 
GALL 1 GALL 2 LEAF EIX)T STBJf 

A' - Planta vi th one p.ll in aer1at. region. 

15 '- Planta w1 th two plla, one pl.]. 1n aer1stea region 
a.nd amtbe:r pll on a lea:t'. 

C'- Planta w1th no galle (control). 

Figure 31 
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Table 9. Total rad1oact1 Vi ty reoovered ln gaJ.1ed and nongal1ed Ruaalan knapweed plants wb10h 
pmtoayntheaiaed ln 14002 ohaber. Theae av~e values are obtained. by oalculat1ng 
the d.islnt~&. tion. par ... ai .. n. ute (DPM) troa the .. data. .pl:' ... eae .. n. ted 1. n T.ab1aa III .. and VI of 
Â'DDendix. (~laent 2) ___ __ _____ __________ _ 

Group* 
(Type of 

140 activ1t,l reoovered ln :21ant ..,..n after treat!!nt** 

'Dl&l1~l 
GALL 1 GALL 2 IEAF IOOT ST. 

GALLi:D Planta 111 th l gall A 1 Mean " 6.24 8S.68a. 6.77a 1.)la 

Planta w1 th 2 gal1a B 1 DPM 17.07 4.J1 66.771. 7rJ9& 4.45& 

M:>lfGA.LUm C' 73.04a 23.6)& 3.3)& 

GALLID Planta vith l salI A' Mean aq. 172.93 692.671. 161.29b 6B.90b 
Plants w1 th 2 gallS B' =t of 180.41 73.05 404.79b 104.9& 79.25b 

698.72& 336.:)7. 148.35a 

GALLm Planta wi th 1 gall A t Mean natural 10.24 13.01& 10.09b 8. JOb 
Plants with 2 galls BI~ of 10.25 8.37 1l.86b 8.'77b 8.50b 

!l)IIlALLID r 13.04. Il.74& 9.9?Cl 

* Group (Planta Id. th entire 1eat urgin and apa.tula.te 1e&f) 
Ga1led - At - Planta w1 th one g&ll in the aerlstea reg1on. 

B' - Plants Nith two galla, one gal1 in the aer1et8ll raglon and. another ga11 
on A 1eat. 

Nongalled - C 1 - Plant. w1 th no galle (oontrol). 

** St\Ùent p&1r 1 t· test coapa;rlll6 galled. and nongalled plant parta. MeMe w1 th1n a ooluan followed 
bT the .... latter within A section are not algnlflcant1y different At the-~ level. 

LU,,? lU arss 1'1;11 'l ... 'lllturrhIWJI il. PrtPHllil'71IPtll •• ,a" •• liÏlilfiÎlIIiIO *.ilMiIIo~~~·""-""-""·'" ~", '" ... ,-", "II, '1iM ; ~'-n ~~..: ,. 
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Figure 32. CoIlpa.1.II« the d1str1butlon of to-tal ncU ôact1 vi t;y 

ua1Il8 M&I18 of pecent dia1ntecratioll8 per lI1.nute 

reoovced. in t.be plaDt part (Tabl.. 9). in pllec1 

UId. nonplled. 1bIs1U1 lm&,v.ec1 planta vb1ch pboto

~aed in 14002 cbaabc. Ban topped vith .... 

lette azoe DOt 1d.&n1t'1carrtl;r dSft'cea:t at the ~ 

leTel. ua1Dc a Stud.t pa1.r • t· teat wbea plled aad 

nonpll ed plant parte are oollJlR"ed.. 

o 
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AI B' C' AI Bt C· At l' CI AI J' ct At B' C· 
GAIl. 1 GALL 2 LDr 11)01' sr. 

A' - PlaDta w1 th ODe p1l 111 ~ rte1on. 
B' - PlJIDta w1th t_ ,.:ua. Olle pU. ta .-lat. rec10D 

anl uotbB' pU. on & 1-'. 
C' - Pl.aDta wlth !ID p.U.a (OOIlt.ml). 
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~ 33. ~ tbe Uatz1but1on of tot.al n41oact1 v1ty 

ua1.Dc .... o-r the *l~ root o-r dia1Jltesrat1ol18 

pc: lI1nute reoo'fWnCl in the plant put. (Tabl.. 9) 

in pl1.c1 aDd. non.., 1 ed Buu1an JaIapIIM4 plaJrte 

1Ib1ch }Ibo~Hd in 14002 ObI.... BarÎI 

toJPlld. w1th _ lette &ft DOt aitPdt1cutl:f 

d11'f'...at at tba '" l..at ua1Dc a stlll_t pair • t' 
t..t wbIIl pl1.c1 .ad. nonpl 1 e4 plut part.e are 

oo.,.zwl. ' 
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A' - Pl.aIrta 111 t.b. ODe pU in lIIIr1atta rec1oA. 
:B' - Pl..IIlta 1I1tb t_ pUa, one pUiD 1IIIr1a ..... nc;1.on, 

_ Olle lIlJ. OR • l..t'. 

C' - P1aD1oa 111 th DO pJ.la (ool'ltZol). 
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ncure)4.. CoIlpC'1nc the d1.atr1but1.on of tot&l rIId.1oact1 Vi ty 

1.I&1Dc MAna of the natur&l loC of d181ntecrationa 

par lI1nute reooftred. in the plant part. (T&b~e 9) 
in p.lled lIDd nonp11 ed B'IIIa1an knapMed planta 

1Ib1ch pbotoa,rntbn1~ in ~4002 cbaa1MIr. Bara 

topped w1 th __ letter Re DOt a1&J" ncantl7 

Uftcent at tbe '" ~eftl WI1nc a Stud.8llt pa1.r • t' 
teat wbeD pl J ecl Ud. DO.,..' lecl plant prrta are 
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A' l' C' A']J' C' A' .' C' A' B' C' A' Jf C' 
GALL l GAU.. 2 LJI:U' lD7l' STIll 

A' - P'l..IIIlta 1I1.th 0_ p.ll in lMIl"1ata rec1on. 
B • - PlaIrta 111 th t.1IID pJ.l.a, aae pU in MIr1.ata rec1On, 

AIIIl one p1.l OD a l.t. 

C' - PlaDta 111 th DO ,.u.. (ooDtro1). 
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Table 10. Con!lttion ooetf1c1enta of Huea1an kp&1l!!8!4 ))!l'!!!ts:! (lqperlaent 2) 

Ruasian knapweed paraaetera 

Planta w1th 
1 gall 

Planta w1th 
2 galls 

F.re~Dr,y welght ratio 
of the gall ln 
lMIr1etea reg10n 

FreatVnry welght ratio 
of the gall ln 
IIer1stea reg10n 

Freah/nry weight ratio 
of gallon a leaf 

* Probabl11ty level 

Oounta per ainute 
reoorded ln 10 ag 
dry wt. gall aaaples 

0.35788 

0.5.54J * 

0.82712 

0.0840 

0.70492 

0.18)7 

D1alntegratlon per atnute 
reoovered ln total dry 
welghts of galle 

0.41048 

0.4924 

0.707JO 

0.1815 

0.68815 

0.1990 

• 

.. 

.... 
t:l 
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The data obtained was treated. basically in the same way as 

experiaent 2. Table III of the Append1x shows the !rash and dry weights 

of diffe:rent parts of the galled. and nongalled Russla.n knapweed. plants 

t'rom wh1ch one leaf w1toout a gall was treated with radioactive 00
2 

in 

14 the 00
2 

challber. The radioactivity in oounts par minute. corrected 

for background. for 10 mg dry weight samples measured. !rom the different 

plant parts is shown ln Table VII of the Appendix. 

In this experiment. only the 'presentation leaf' (X.LEAF) wa.s 

14 
treated with radioactive 00

2
, and the tr811s1ocation of the radio-

activity to the other parts of the plant ""88 from the 'presentation leaf'. 

Table Il and Figures 35, .J6 and 37 show the distribution of rad ioacti vi ty 

in COtUlts per minute for gal1ed and nongalled Russlan knapweed plant 

parts of 10 mg dry weight samples. The 'presentation leaf' retains a.bout 

5:3% of the radioactiv1ty in the galled plants and a.bout 17% in the non-

galled. plants, the difference is sign1ficant at 5 percent level. The 

indication of the' s1nk activ1ty' of the galle ls noticed !rom the results. 

The gal.ls accuaulate 1'1:0. JO% to 4~ of the radioactivity. which was 

M.1.nl.y tranalocated :f'roa the leaves in &11 galled. plants and. also !rom 

the root and stell in plants w1th IIOre than one gaJ.l. When a student pa.1.r 

't' test waa perforJled coJaparing the galJ.ed. and nongalled. plant parts, the 

d.1f'ference vas 151gnj.1'1cant at 5 peroent level. 

Wben the total UIOunt of rad10actl vi ty translocated and reoovered. 

in the pllecl and noaplled Rues1an knapweecl plant parts in d1s1ntegration 

par ainute vas caJ.culated (Table 12 and Figurea 38. J9 &ad 40). the 'pre

sentation 1e&:t" (X.LBAJ') reta1ned lIOat of the actlv1ty in the plants with 

tlIO pl.la. but the d1fferenoe waa not a' pi ficant at the 5 percent 1eve1. 
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In the nongalled plants the leaves accumulated the highest amount of 

radioacti vi ty which was about 50% and. when compared wi th galled plants, 

the difference was significant at the 5 percent level, whereas roots 

and stem of the galled. and nongalled. plants were not significantly 

different. The galls accumulated 16 to 35 percent of the radioacti vi ty 

which was translocated from the leaves mainly, 

When square root trrulsformations were applied ta the data and 

comparisons done between galled and nongalled parts, beside leaves, 

• presentation Ieaf' of plants wi th one gall and stem of plants wi th thrae 

galls were also found ta be significantly different at the 5 percent 

level, and when natural log transformation was applied ta 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 disintegration per minute for the whole 

plant part with the fresh weight/dry weight ratios of the galls, only 

the galls in the meristem reglon of the plants with two galls showed a 

negative correlation (Table 1)). 

14-
Out of the 0.185 MEq of the radioactivity ( COZ) only 0.063 

MBq was recovered in the nongalled plants and 0,050 MBq in plants with 

one gall, 0.04 J MBq in plants' wi th two galls and 0,033 MBq in plants wi th 

three galls. The reason for this low recovery was that only one leaf was 

14 
made ta photosynthesize in the presence of mZ' The photasynthetic 

rate also decreased from ZO ta 40 percent in the galled plants when 

compared ta the nongalled plants, 
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Table 11. Distribution of rllAioaoti vi ty ln galled and no,al1ed. Ruas1an knaptfeed. plants fro. wtûch only 
presentation 1ea.t (X. LEAF) pOOtosyntheslsed. in 4m2 chaJaber. These average values are obtained. 
tro. the d&ta. Eeaented in Table VII of the A"p'P6nd1x. (ErDer1.ment î) 

Group* 
('l'1pe of plant) 

Counts per minute (CPM) recorded in 10 mg dry welght samplea aft~ 
treatment** 

GALL l GALL 2 GALL 3 

plante w1th 1 gall A" 31.19 

GAlLEn plante w1 th 2 galle B If Mea.n 41.81 4.10 

plants w1.th 3 galla C" ~ 26.éo 8.95 6.01 

t«>":'ALLi:D D" 

plants w1 th l gall A" 115.75 
GALI..lm planta with 2 gaJ.1s B" Mean 188.28 55.61 

plante wi th J ga11s Clt aq\lU'e root 
of CFM 141.45 71.91 49.89 

t«>MGALLED ott 

plants w1 th 1 gall A" 9.1) 

GALLl!ID planta ri th 2 galls Bit Mean 10.40 ''1047 
plante w1 th 3 gall clt natural log 

S of CFM 9.61 8.14 7.19 

J«) N3AU,iID Olf 

* Group (Plants w1 th entire lea.f aargin and spatulate le&!) 
Galled - A" - Planta with one gall in the aeristem reg1on. 

LEAF 

8.32b 

4.25b 

1.8)b 

16.86a 

54.34a 

37.61b 

29.J7b 

74.27a 

7.29a 

6.61b 

6.44b 

8.47a 

IOOT STE>1 

2.8.5a 7.1la 

1.35b 2.61b 

1.41b 1.62b 

4.00a 8.07a 

)1.51a 52.68a 

29.84a 44.9)& 

)2.70a 35.3.5a 
30.86a 49.66& 

6.67a 7.70a 

6.61& 7.4)& 

6.70a 6.86a 

6.6.sa 7.76& 

B" - Plante w1 th ho galle, one gall in the mer1stem reglon and another galIon a lea:f. 

X.LEAF 

4-8.37b 

45.8& 

53.58b 
71.06a 

149.02& 

202.77a 

210.87a 

157.09a 

9.91a 

10.51a 

10.56a 

10.0Sa 

C" - Pla.nte w1 th three galle, one gall in the meriste. reglon, second galIon a leaf below 
urtstea, th1rd. gallon a le&! below the second gallo 

Noll8alled - D" - Plants wi th no galle (control). ~ 

•• Student pair • t' teet ooaparing galled and nongalled plant parts. Means w1 thln a colUlltl followed. by the SUle 
1etter 1d ttûn a section, are not s1gn1r1oantly different at the ~ level. 

.1 [II 177 r ,,'K un 1 71d 'T 

if 
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J'1&1In 3.5. aoap.;r:1Dg the d1at.rtbut1on of ndioact1v1ty ua1Dg 
..... of percent cotmts par a1nute reconled. in 10 

.. dr.r we1gbt saapl.es (Table il), in galled and 

DOD8&1led. Ruasian knapweed. plants hoa wh1ch only 

pneentation leaf (X-LEAF) photosynthesised in 
14 002 chu.ber. Bare topped. with SUIe letter are 

DOt s1t;D1f'1cantly d1:f'ferent at the ~ level ua1.n6 
& StUllent pair 't' te.et, when gall~ aDd nonplled 

plant plZ'ts are coapa;red. 

.. 
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A" - Planta w1 th lone gall 1n the aer1at_ reg1on. 
B" - Planta 'Id th t., gaU.a, one pJ.l. in the ...n.1Itea res10n aD! 

MIOt.bc pll 011 .. l-.:t. 
C'" - Pl.u.t.a 1d.'th tb:ree pl.l..s. one pll 1n tbe ..n..tea rec1on. 

MOODIl p.ll on .. l-.t' below ..rtn-. th1rd pJ.l on .. l..t 
bel,ow tM second pll. 

11" - PlaD.ta 1d.t.h DO plla (conUol). 
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n:aun J6. ~ the diatr1but.1on of ndioact1'Y1ty uaUl« 
__ of the aquare root of counta pm: a1n~ re

cardad 1n 10 lIg dry we1ght suples (Table U), in 

gal J ad &Dd nongalled Ruaa1.an laJ&pweed plants f'l:o. 

wb1ch only presentation leaf (X-I&F) pœtolVllthes

lMd in 14 (J) 2 chaIIber. Ba:ra toppai vi th sue 

lette' are not si sm t1oa.ntly d1tterent at tbII =
leftl ua1.ng a Stlllct p&1.r 't' t_t, wherl plled 

&Dd nonp.lled. plant parts are OOIlpC'ed. 
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A" - Pl.aata vith ODe pll in the Mr1st_ "Cion. 

a 

1" - Planta 111 th tllO plla. ODe pl..l in tba ur1atea rec10n am 
aDOtMr pl.l on a l-.t. 

C" - Planta vith thr .. plla, one plI in the ..natea rec1on. aeooDd. 
p.U on a leat bel.ov ..:in •• th.1zd pll on a l-.t below aeooDd. 
pJ.t. 

D" - Planta vith no plla (control). 
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P'1gure p. Coapar1.ng the d1at.r1.but1.on of rad.1oact1 vi ty uaing 

aeana of natu:ral. log of counta per a1uute reoomed 

in 10 lIg dry we1&ht aaaple. (Table 11). 1ll plled. 

and oongalled Ruaa1.an kn&pned. planta froa wb1ch only 

presenta.tion 1ed' (X-LEAJ') pbotolV'tlthea1.aed 1n 14002 
ebMbwr. Bars topped w1.th .... lette are s1pjn.C

ant17 d1!'f'C'81lt at the ,. lwel ua1ng a sturl_t pair 

't· t..t, wben pl 1 ed. and. DOnpll ed. plut pe.rta are 

ooapllZ"ell. 
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GALL 1 

A" - nuta 1d. th Olle pU 1n tbe ..n.at_ rec1on. 

126 

• • If • ..OQ 
X-LIAI' 

B" - Pl..aDta 1d.th t., plla, one pJ.l 111 ta. Ml"iat-. res10n aad 
1IDOtt.r on .. 1.,. 

C" - PlaD:ta 1d.'th t.brM pUa, one pll 111 ta. ..n.at_ rec1on, 
aeooDll pll on .. 1-.1: be101l lMIriat_. tb1rd. pl.l on .. 1-.:t 
belo1l lMOODd p.U. 

D" - Plant. 111 th no p.l.U (control). 
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Table 12. Total radioacti vi t~ reooroed in galled and nongalled Russ1a.n knapweed pla.nts f.I'Q1l whlch on1y present-

ation lea.f (X.Lli:AF photosyntheslsed in 14002 chaaber. These average values are obtained by calculatlng 
the d1a1ntegration par Jainute (DI-M) frQlIl the "liata presented in Tables IV and VII of the Appandix. 
{Ex:DeriAent J) 

Group* 14 C activ1t~ recovered in ~lant ~t arter treataent** 

(Type of Plant) GALL l GALL 2 GALL 3 LEAF HJOT STEM X.LEAF 

Plant wi th 1 gall Ali 16.46 21.61b .)O.47a 13.21a 18.8& 

GALLED Plant w1 th 2 galls B Il Mean % 29.18 5.67 9.27b 19.0& 2.9& )).80a 

Plant wi th J galle Cil DPM 
22.77 7.77 4.72 2.J9b 15.3.5& 2.7& 44.26a 

NONGALLED DU 4-9.21a. 17.2& 4.81a 28.70a 

Plant with 1 gali Ait 197.79 222.74b 269.93& 172.291. 210.16b 

GALLED Plants wi th 2 galls B" Mean 258.91 100.66 105.44b 1C19.Q9a ~a 287.45& 
Plants w1 th J galls C" Bq uare root 

of DPM 
192.66 105.09 64.84- 49.71b 161.10a 68.44b 279.24a 

fi) NGALIJm OH 428.44a 2l8.94a 125.79a )o9.20a 

Plant w1 th 1 gall Ali 10.04 10.JJb 10.92& 10.05& 10.61b 

GALLBD Planta wi th 2 galla B" Mean 11.04 8.44 8.Bob 10.42& 8.66b 11.22a 

Planta wi th J galls Clt ~t~al log 10.26 8.76 7.74 ?.50b 9.92& 8.09b 11.11a 

NONGALIBD 0" 11.991. 10.598. 9.6)& 11.421. 

* Group (Plants with entire lea.f urgin and spatulate lear) 
Galled - A" - Planta with one gall in the aerlst6lll region. 

Bit - Plants with two galls, one gall in the meriste. reglon and another gal! on a 1eaf 
Clt 

- Plants with three galla, one gall in the meriste. reg1on, second gallon leaf be10w 
aer1stea, th1rd. gallon a leaf below the second gallo 

Nongalled - Olt - Plants Mi th no salls (control). 

** Student pair 't' test coapa.ring gallecl and nongalled plant parts. Means within a co1umn followed by the same ~ 
let ter within a section, are not slgn1f1cantly different at the 5% lev~l. " 

• \ 
1 



J'1&ure)8. CoIlp&r1ng the d.1str1butlon of total rad1oact1v1ty 

ua:1.D« --.na of percent d.1l11ntegrationa par Idnute 

recovared in the plant part (Table 12), in g&lled. 

aM DOngalled Buaa1an Imapned. planta ho. wb1ch 

·onl.;y preeentat1.on laaf' (X-UW') pbotos,yntbeei.aed. 

in 14002 cbuIber. BRS topped w1th .... lette 

G!'8 DOt .181'11 ticant17 dU"t...d at tba '" level 

u.a1.JJc a StUllent pAir 't' test. wban pllecl aad 

nonp.l1ecl plant put. are 00"""', 
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a. 

1 1 1: a a Il 1 1: 1: 1: 1: 1: 
... Cl Q -< .. Cl Q -< IIQ 0 Q 

1I.)()'l' STBM X-UW' 

Aff - Plurta tr1t.h one pl.l 1n the ..n.t._ res1on. 
B" - l'laat.a tr1 t.h 1;., ...ua. one pl.l in t.be Mr1at.a rec10n and 

aaotJwr on & l.t. 
c" - PlaDt.a tr1 t.h tbrM plu. one pU Ln the -n.atea reg1on, 

(', HOOIId. c&ll OD • leat below Mri8tAa, thUd pU on & le&f 
below aeaoDd. pU. 

D" - Plant.a 111 th DO plla (contml). 



P'1gure 39. Coaparing the distribution of total. rad1oa.ctivity 

ua1ng .ans of the square root of d.1sintegrat1ons 

par ainute ~vered in the plant part (Table 12), 
, 

in gal.led and nongalled Ruasian knapweed. plante fram 

which only presentation lea.f' (X-LEAF) pllotoaynthes

ised. in 14002 chaaber. Bars topped. with sue letter 

are IlOt sign1 flcantly dU'terent at the 5% lave! 

us1ng a st1.d.ent pair • t' test. when galled &nd 

nonpJ.l.ed plant parts an coça;red. 
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A" - Pl..aIlta w1th one pJ..lin the Mr'1at .. res1on. 
D" - Planta w1 th tllO pl.l.a, ODe pli 1n the lI«riatea rec10n and 

UJOtblr on & l~. 
e" - Planta w1 th three pla, one pll. 1n the a«r1.t .. res1on, 

second pll. on & 1e&t belov lIel:'1at_, th1rd. pll on & le&t' 
bel.ow eeeoDd pJ.l. 

D" - Pl.anta w1 th no pJ.la (oontrol). 



'-. 

J1cure 40. Oo~ the distribution o~ total. rad1oact1v1ty 

1.III1ns aeans of the natural. log of disintegra.tlo118 

per ll1nute reoovered. in the plant part (Ta.ble 12), 

in g&lled. and. nonga.lled Russ1.an knapweed plants 

troa which only presentation leaf' (X-LEAF) photo-
14 synthea1sed in 002 chulber. Bars topped with 

.... letter are IlOt sign1f1cantly d.1.ff'erent at the 

~ level ua1ng & Student p&1r 't' test, lfhen galled 

and nongaUed plant parte are coapared.. 
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<j:QOQ <IXlOO 

GALL l GALL 2 GALL.3 

a. 

: : :: :, ~ :: : 
<IXlOQ <IXlOQ 

LEAF lI)()T 

1.3.3 

: : ::. ::: 2: 
<IXlOQ <IXlOQ 

STEM X-LEAF 

A" - Plants Ni th one gall in the meristem region. 
Brt 

- Plants w1 th two galls, one gall in the meristem region and 
another on a le&!o 

C" - Pl.a.nts with three galle, one gall in the meristem ragion, 
second gallon a lea.f below m.eristem, th1rd. gallon a leaf 
below second gallo 

D" - Plants with no galls (control). 

Figure 40 
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Table 13. OSel&t.lon ooatnset ot plan knaJ!!f!e4 pM'!!!tera. (ExJlE1!ent J) 

COrrelat1on Vith Correlation Vith-
Huaa1an knapned pa.:t'llaetera ooWlta par II1nute dia1ntegratlon per a1nut.e ;> 

(r) (r) 

Planta w1th ~ Froah we1sht/Dry •• 1ch\ 0.7ry.66* 0.56973 
l plI ratio of the salI ln 

the .erlate. reg10n 0.0116 ** Il:. 0.0856 

'" Fr.ah welght/Dry we1lht -0.12519 -0.22661 
ratio of the gall ln 

Planta with ~ the aer1ate. reg10n '\ , O.7~ 0.5290 

2 p.lb 0.7Z'196* 0.76752*** liTeah welght/Dry w1lht 
ratio of the gall --" on le&! 0.0110 0.00092 

liT.eh w.lght/Dry "e1lht 0.19919*** 0.82J87·" 
ratio of gall in the -

-"" \ .. r1stea reg10n 0.0055" 0.00)4 

Pl .... t. w1th ~ J'rash welght/Dry "81tht 0.8159)"* 0.8))42*** 
) pll. ratio of the gallon 1 ..... 

beiow the .. ri.t .. O.DOltO 0.0027 
c 

liTesh walght/nry weight 0.87)56·,- 0.86990*** 
ratio of the gali on ~eat r , 
below the eeoond pU 0.0010 0.0011 

• 81pincant at 5 perDent levaI . \ 

*** S1cnltlcant at l percent leve1 
11;" 

\ 
** Probabl11t1 level ~ i 

~ 

- . -.-.-. ---------------
'--
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PM' 14 

'l'be autorlld1.ogr&Pv obt.a1lM1Cl f'or tt. wbDl. pl.aDt8 1Ib1ch 

... 1ett Ln contact vith the X-_ tUa (JI'1.gLIree 41 &Dd. 42) sboq tbat 

tba nd1oact1vity in the nongal.1.ed planta la tranalocated. u.1.nly to the 

t.. .... , wbereu in the ga.l1.ed plants, .aat of the tranalocation ta 1nt.o 

tbt ga.l.1.s of the pl&nt. But vhen sections of the gal1.ed and. nonplled 

plaDt pEta 1ft!Ir1t uaed. for &Utoradiogra:phy (F1.gu:res 43. 44 and 45), the 

n- of the oonp.ll.ed plant sœws the accuaul.a.tion of rad.1.o&et1. vi ty aDd 

iD pJ.led p1.azrta, bea1.de the ga.ll.s, the root and st. &1.80 show the 

pwpartl .. of • pbys1olog1c&l s1.nk·. This reaponae la sllghtly vartab1.e 

CD: 1t oould. be an artlfact. But, one ttûng vh.1ch 15 c1.early repreaented. 

-, t.be autorw11.ogra.pb8 1.8 that the ga.ll.a accuaulate .,st of the nd..1.o

act.1.Y1ty vh1ch 18 tranaloeated. toVazùa th. f"roa the cU1ferent pt.rta of' 

• 

'" 

.. 
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.\utQnd.1ograph o~ nong&lled lbaa1an Imapweecl plant 
. 4 
abow1ng the d1str1putlon o~ rf. Onl.y the preeent-

atlon le&! (X-LEAF) of the plant W&I5 allowed ta 
14 

pbotosynthes1ze in 00 2 chaaber. The plant vas 

lef't in contact with the fH .. for 7 dqs. The plant 

.. outllned. and. llgbter anu correspond. to -loc

ations o~ greater ndioactl vi t,. • 

J'1pn 42. ~ o-r pU_ Ruu1.an kD&pweed plant 

~ the d1atr1.butlon _ o~ C14• Onl,y the pt"88eI1t

atlon leaf' (X-LEAF) of t~ plant waa &l.lowed. ta 
14 pbotosynt..he.1ze 1n 002 chaaber. The plant ... 

left in contact vi. th the f1.l..a for 7 da,ys. The plant 

... outl~ n~ aud l1I;btar &reu correspond. to loc

at1.OlU1 ~ gr:eat«r rad.1~actl v1 t,. . 
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ncure 4). Autor.u.o~phs of nonga.lled Ruaa1an kn&pweed. plant 

parts (X-LEAF, LF..AF, 1DlT and S'l'BI) sectioned at 

25 • 0n1.y the presentation 1ea.f' (X-LEAF) wu 
14 

alloved ta ptxltasynthes1ze 1n CD
2 

challber. The 

sections were left in contact w1 th the fila for 21. 

dqs. Lighter areas correspond. to location of 

nd10acti vi ty • 

Fleure 44. Auto~ of gal1ed Ruaaian knapt!eed. plant 

parte (X-LEAF, LEAF, FOOT, STE)l and GALL) sectioned. 

at 25 • Onl.y the presentation lea.f' (X-LEAF) waa 
14 allowed. ta photasynthesize in 002 chaaber. The 

sections were 1aft in contact w1 th the fia for 21. 

da3"e. L1ghter area.s correspond to location of 

nd10acti vi ty. 

n.cun 45. Autond.1ograpba of galled Rue.ian kn&pweed plant 

parts (X - L&AF, LEAP', lIXlT, STDI and. GALL) aect1oned. 

at 25 • Only the pr ... ntation leaf' (X-LEAF) lf&S 

14 
&1.loved ta photoeyntheaize in ())2 chaaber. 'lbe 

NCtiona were 1eft in contact w1 th the nla for 2l 

dq.. L.1.chter areaa correaJX)Dd ta location of' 

rw:l10&Ct1 Vi ty • 

, 

J 
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III.D. DISCUSSION 

Wh en ever it is stated ln the text that the radioactive substance 

which was injected in the plant or fad ta the leaves became localizad, lt 

implies that ei ther the original substance or i ts products or both became 

locallzed.. The results indicate that the galls on Russian knapwead formed 

by the nematode soowed properties attributable to a physiological sink, 

namely, a movement of labelled assimilates into it, the consequent, 

accumulation of radioacti vi ty wi thin 1 t. Assimilates can be drawn to the 

gall from all parts of the plant through the phloem. 

'.men a correlation was done between counts par minute recorded. 

in 10 mg dry weight gall samples or disintegration per minute recovered in 

the galls with frash weight/dry weight ratio of the gall (Tables 10 and 

13), it was obaerved ta be positive. Little radioactlvity entered the 

ga.lls which ware brown and dry wi th a 10w fresh weight/dry welght ratio 

compared te the galls which were green and fleshy wi th a high fresh weight/ 

dry welght ratio (Table I, II and III o'f Appendix). 

Mani (1964) and Maresquelle and Meyer (196.5) have suggested that 

the growth of the gall ceases if the parasite within is killad. It la 

llkely that the parasite continua.l1y secretes a substance or a mixture of 

substances which stlmulate the sink-like activity of the gall tissue. 

This 15 an example of a high degree of phyaiological adaptation exhibi ted 

by the parasite which in thia case ls able to modify the functiona of the 

plant organ ta Hs ad"lantage. During the lite cycle of Paranguina picrldis 

the second stage larvae go into a state of quiescence (cryptobloslS). 

This state i3 irrluced. Dy dehydration as the plant. matures (Cooper and Van 

Gundy. 1971: Watson, 1975). The frash loIeight/dry weight rat.io of the 
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galls W"as lower when the galls were brown and dry, and li ttle rad.io-

acti vi ty was translocated towards them as opposed to the galls wi th a 

higher fresh weight/dry weight ratio with a higher translocation of 

ra.d1oactivi ty. This indicates that when the nematodes undergo into a 

state of quiescence, the ga.lls stop functioning as a physiologica.l sink. 

Shaw and. Samborsk.1i (19.56) using rust and. Ja.nkiewicz et al. (1969) using 

insects have demonstrated the same type of results. 

At the cellular level there ls little doubt that the nematode 

induced galls a.ct as strong sinks. Whether this transport 13 'oorIOOne 

directed' i5 not c1ear (Patrick, 1976). 'Sink strength'. the potential 

capacity of tissues ta accumulate metabolites, can be defined as the 

product of 'sink activi ty' (the potential rat;e of metabolic uptake per 

"". unit weight and. time measured in counts per minute for 10 mg dry weight 

samples) and 'sink si:z.e' (dry welght). The sink ma.y i tself be able ta 

regulate transport of metabo1ites to it (Patrick, 1976). 'Matthew 

effect' appears to operate in source-sink situations (Evans, 1976), that 

1s, large sinks have an advantage wi th respect to sma.ll sinka in 

attracting solutes. Thus by creating an abnormally large sink (at cel

lular level), the nematod.e mobilises plant cell machinery ta enha.nce 

transport ta that slnk without the need. ta resort ta elaborate mechanlsm 

ta control ceU formation ,Jones, 1981). There ls evidence that the 

plant endopara.ai tic neillatodes feed. on these IDOdified ceUs of the gall 

and the form of modified cell, giant ceU, syncytia or nurse ceU 18 con-

tro11ed. by the neJl&tode (Jones and. Dropkin, 1975). The nesatode-induced 

transfer celi h&s a distinct pattern of growth which can be closely cor

related wi th the physiological ~e of the neaatode (Bird, 1962). Tt 15 

easential for successful obllgate p&ra.8itlsm that substrates be suppl1.ed . 

<;0 the invaded :::e115 at il. r&te high enough to II&1nta.in thelr organiza6n 
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and. a.taboU811 in the presence of the paras1te, wh10h cannat ex1st on 

dead. t1uue. Vhether or not the paraa1te obt&1ns an adequate supply of 

subetratea for oontinued growth auat depend. on the relative rates of 

ut111zat10n and supply (transport) of substratea. S1.nce the n_tode 

f.. 'Rimd1S haa a h1gh biotie potent1&l. (Wa.t.,n, 1975), 1t 1nd1cat •• a 

substantlal; nutr1ent supply ta the gal.l.a. 

In experiaent l, when the rIId10active Fructose D [14C(U)] waa 

injected into the st_ of the gaJ.led and nongalled Ruaaian kn&pweed 

plants. the stem (St_.X) a.nd. roots d..1d not show a s1p.1f'lcant d.1!farence 

when a. student pa.1r 't' teet waa perf'o~ coapa;r1.ng the galled and non

galled plants, wbereaa the leaves of the galled and nonga.ll.ed. ahowed & 

s14çl1tlcant d1.ff'erenee at the 5 percent level. me rad1oactlv1ty waa 

lnjected. into the phloea of the st., wh1eh vas the t.ranalocatlon path~ 

&al lt waa thsrefore eaa1.ly tranalocated to the roota wh1ch vere natural 

s1n1t for the pl.ant. 'lbe higlwet uount of :rad1oact.l vi t.y tranalocat.ed. waa 

into the leaves (Table 7, P1gurea 26, Z7 and 28). The reuon for th1.s 

h1.gh recovary of ndioactlvity in the leaves, a1.noe the leavea 1RIr8 at a 

caae, the 'a1nk aize' vas qu1.te large. The' a1.nk act.1rlty· of the gal.led 

and nonp.lled. plant part. ta repreected by Table 6 am. F1gurea 23. 24. 

and 25 in counts per a1nute for 10 ag dry' w1g:ht saapJ. .. , aDd. the p)). 

shov the h1gbest ..,unt of act.l vi ty reoo.rded.. The' a1nk &ct1 vi ty t for 

tbe st. (Stell.l) ud l.'OOts wa:. DOt Id.4Pûnoant.l;r d1.t't"erent. for pll.ed. 

aDd. noqalled planta but for the a..ve. the d1.ffercce wu 1I181'1n.cant.. 

Sa the reuon for the h18b • e:1.nk at.:r.c'tb' for the let.fta ... p:obablJ 

tbe 'ai.nIt si .. ', beoa ... l.e&vea d.o DOt. ban a b1ch • 81DIt &O'tlv1ty'. 
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In e.xper1.aent 2, where the wtxl1e plants were put ln the 14 C0
2 

challber, the MIOunt of radioactlv1ty recovered ln the leaves wu h1.ghest, 

and. the d.1i'f'erence in the galled and nongal.led plants was not s1gn1.flcant. 

'The leaTes reta1.n IIOst of the radioact1 vi ty. In plants w1. th one ga.ll, 

the nd1.oactlv1ty tr&nelocated to the roots wu second highest, but in 

plants with tllO galla, the ga.lls accuaulate IIOre ndioactlvity than the 

roots and. hIId &. higher • s1nk strength'. The st_ of the galled. and non-

galled. plants hIId the leaat lœl\D1t of radloacti vi ty translocated. towards 

thea and wh80 a stuient pair • t· test wu per:f'onad coapar1.ng galled. and 

nonga.lled plants on the Ilean percent d1.sintegratlon par minuté b&a1s, 

the dif'f'erence wa.s found. to be not sign1!1cant (Table 9 and Figure 32). 

When the square root and. natura! log t.rans:foraa.tlons were applled to the 

data and galled. and nongalled plant parts were coarpared, the 1eaves of 

plants w1. th two gal.la were sign1flcantly different at the 5 percent lavel 

Ni th leaves of nongal.J.ed. plants, and a.lao the roots and st_ of galled 

and nonplled plants wera s1gn.1tlcantlJ" different at a 5 perCeIlt level 

t'ro. -.ch other. 0n.lJ the l-.ves of plants Ni th one gall were not sig

nll1cantly d.1tterent f'roa the nongalled plant (Table 9, Figures JJ and J4) 

1.nd1catiDg that in plants witb one gall, the tranalDcat10n of the aaa1a1l

ates into the gall .. tro. roots a.nd stea and. .. the maber of galJ.s 

increued on the plant, the ... hUates we.re der1vad to1f&l.'d.e the gal..1s 

t'ro. a.ll the }W%'ta ot the p.lant. 

The 'e1nIt act.1 vi ty' ot the l..eavea VU expected. to be h1gh in 

exper1.aent 2 in galled and noncauecl pl..anta becauae the whol. plant. were 

14 
photoqntbM1eë in the (])z cbubtlr &ad. .,et of tbe nrUo.at1. vi ty ... 

ret&1ned by the 1 ...... , Il v1Dg a value wb1ch 1.Dd1cat«l h1ab 's1nk actJ. vi ty' 

(Table 8, ncure 1.9). Wben &. etudet. p&1r • t' tMt vu pertorMd. aDd 
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coapar180ns vere ude betveen ga.lled. and. nonga.lled. plant parts, the 

leaves d.1d not show any slgni f1cant d..1f'f'erence, wherea.a roots and stell 

of' the galled. and nongalled. plants vere s18nlf'lca.ntly d.1fferent at the 

5 percent level. A si-llar type of result vas obta.ined men equare root 

&Del n.&turaJ.. log tranaforaations were applied to the data, nth the only 

exceptlon that in data whell naturaJ. log transfol'."'lD&tlon vas applled. the 

root and stem of plants wi th one ga1.l d.1d IlOt show a slgnlf1cant differ-

ence when coapared vith nonga.lled plants (Table 8, F1gures )0 and Jl). 

Th1s 1ndicates that as the number of galls increasai. the' sink. act1vity' 

of' other natural sinks of the plant like roots and stem, in this case, 

dec:reased. • 

In exper1ment J. vhen only one leaf, a.lso ref'erred to as 

14 'presentat:1.on leaf' (X.Lea.:t') W&S put in the 002 chamber, 55 to 80 per-

cent of the rad1oactlv1ty vas translocated. from lt and. only 20 to 45 par-

cent vas retained, 8Z1d. the élifference between the galled and nonga.lled 

'presentat:1.on leaf' vas not s1gn1.f'lcant (Table 12 and Figure )8). In 

noll6lÙled. planta, a..ùIoet .50 percent ,of' the photos;rnth&tes were trana

located to the leaws and. the high 's1nk atrength' vas due to the large 

'siDk. Bize'. In the galled plants aa the m..ber of galls increased due to 

the presence of the ga.ll former, the 's1.nk a1ze' of' the lea.ves in the 

galled. plant decreaaes. wh1.ch resulted. in & lover 's1nk strength' and. a 

collp&rtllOn betveen leaves of the gallsd and nongalled. plants using a 

atudent p&1.r 't' test shoved that the dif'ference W&8 a1.gn1.f'lcant at the 

5 percent level. 

ifhen the roots and st_ of' the gall.:1 and. nonplled Rusaian 

knapweed pJ..a.nta lf... collpC'ecl, the d..1fi"erence waa foUDd. to he IlOt s1.gni..t-
" 

lcant, but the higb rIdioact1v1ty recovwred. ln the l"OOts 1nd.1cat.1ng a 
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. 
1 h18h 'sink strength' (Table 12 and. F1gure 38) vaa due to the large 'sink 

sise' (Table III of the Appendix) ." 

When equare root and. natura.l log tranafor-..tions were applled. 

to the da.ta of dis1..ntegrat1on par ainute recove:r:ed. in the different parts 

of galled and no~ed Russian kn&pweed plants (Table 12 and. Figures J9 

and 40), the resul ta obtained show that in plants w1 th one gall. IBOre 

radioacti vi ty was transloca.ted from the • presentation leaf' (x. Leaf) ta 

the roots and. stem which were the natural sink for the plant. As the 

nœabers of galls increased on the plant (Le. 2 ta J galls par plant) 

.. the • sink strength' of the stem in galled plants decreased.. Jlr'Obably 

due to the decrease in 'sink size' (Table III of Appendix) and. the :rad1.o-

activity was translocar.ed towards the ga.lls. Similar results were ob-

ta.1.ned for the Ieaves of galled. plants and the diffe.rence between galled. 

and nonga.l.led plants was signit'icant at the 5 percent levei when com-

parei us1.ng a st 1.Ilent pair 't' test. 

In experlaent J. the 'sink activ1ty' indicated. by the counts 

par a1nute t'or 10 .-g dry weight suples for the . presentation lea:f' 

(X. Le&f) was expected to he the highest (Table li and. Figure J 5), becauae 

i t 11&8 froll. this Iea:f' that the translocation of the rad.1oacti vi ty took 

place. The signU'icant difference at the 5 percent level hetween the 

'presentation leaf' of galled. and nonga.l.led plants ind1cates that either 

the 'sink a.ct1v1ty' or the }Ù)tosynthetic cape.bill ties of the leaves 

Md decreaaed. in the galled plants. 

'nle 's1nk &CU vi ty' of the leaves in galled plants ... decreaaed 

wben coapared to the leavea of nongaJ.led. plants and. &8 the nuaber of galla 

1ncreued on the galled. plants. the l'OOU and st_ of the p.lled plants 

a.1..8J sbowed a decr-..e in the • s1nk act.1 v1.ty' wb1ch W&IS &1gn1.:f1cant at 

the 5 percct level.. Wben equazoe root and natural. log tranat~t101l.8 
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.... applled to the data (Table 11 and Figuree J6 and )7) the decrease 

in the roote and etea of ail galled. plants and the leaves of pl.anta 

with one ga.ll was not signiflcantly different when compared to the non

galled. plants. TM,a indicated. that the translocation of the ass1.mil

atee toWarda the ga.lls was mainly from the leaves of the galled plants. 

The reason why the radloactl vi ty recovered ln roots ln expert

~t l (Table 7 and Flgure 26) and. !:'Oota and. stem of plants wi th one 

pll. and roote of plants wi th two galle in experiment J (Table 12 and. 

n.gure J8) had a higher accumulation of rad ioacti vi ty than the nongalled. 

plant parts the difference not belng signif'icant), CM be attrlbuted to 

the f'act tha:t these experiments were performed at the Ume when the 

natura! slnk for assimilates was provided by the stem and roots_ 

The translocation of the radioacti vi ty into the galla was 

pr1aa.r1ly !rom the leaves. The galls accunulate nutrients in competition 

vith other ph;yslologica.l slnks w1 th.1n the plant which were roots and. stem 

and such a competition was expected not to be mal:'ked.Iy dlfferent bere, 

since leaves usU&ll.y 8XIDrt assuilates preferentla.lJ.y ta the nearElst 

a1n.k (Qu1nland, 1965; Wa.rd.1aw, 1968). The galle were aiso known ta have 

an increa.sed rate of water loss which can cause a.ccUIlulation of pooto

synthatee. This had been demonstrated by Shaw and. Samborski (19.56) for 

obllgate para..s1 tes_ 

The galls ln the Ilerist8lll reg10n a.ccumulate -lIIOre radloactl vi ty 

than the galls on 1e&f' (Tables 9 and. 11 and Figures 32, JJ. )4, 38. 39 and 

4(»). This phenoaenon can be due to the fact t.h&t there wa.s more merl

st_tic acti vi ty ln the galls which were ln the l18r1stem region and 

aince the llerlatea of the plant vu a.J.ao a ph,ys1olog1cal. sink, therefore 

the gal.ls in th1s reg10n had a higher . s1nk strength·. 
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The total amount of ~adioacti vi ty recovered. in the plants 

was higher in the nongalled plant than in plants with galls. In experi

ment l, when Fructose D (l4-cCU)] - with an activity of 0.185 MEq was in

jected. into the stem of the plants, about 0.044 MEq was recovered in the 

galled. plants compared ta about 0.1)) MBq in the nongalled plants. The 

reason why mo st of the radioacti vi ty was lo st in the galled. plants was 

due ta the fact that the presence of the gall former alters the growth 

of the oost plant. The galled plants become stunted, wi th fewer leaves, 

and. the stem becomes thin when compared ta the nongalled. plants of the 

sue ~e. Since the stems were thinner in the galled plants than the 

nongalled. ones, aven though they were of the sarne aga and were grown 

under the S8me anvirorunental conditions, i t was difficul t ta in je ct the 

Fructose D [14CCU)] - with the mi cro syringe in the stem of the ga.lled 

plants and most of the radioacti vi ty was lost in the process. 

14 In experiment 2, when the whoJ.e plant was put in the 002 

challlber, about 0.096 MEq of rad.ioactivity was recovered. from plants with 

'One gall, about 0.04-1 MEq from plants with two galls and about 0.115 MBq 

!rom the nongalled plants. 14-Since the woole plants were put in the 00
2 

chamber, the numbar of leaves in the nongalled plants was more than the 

ga.lled plants and. as the number of galls increased, the photasynthetic 

,surface decreased.. That is why the nongalled plants pootosynthesized 

14-
more 002 and the radioacti vi ty recovered in them was h:igher than in 

the galled. plants. 

In exper1ment ), when only one leaf of approximately the sarne 

14 size for both galled. and. nongalled plants, wa.s put in the C0 2 chamber, 

the total radioacti vi ty Fecovered. from the plants wi th one gall was 

&bo~t~ 0.052 MEqj about 0.044 MBq from the plants with two galls, and about 

\ 
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-0.033 MBq tl:o. the plazltà vith tbne pUa .... 0.06, NIq tma t.be ~Il

pl.l.ed ,planta. This dec:reue in t.he rId.1oacti Yi. ty noo..... in tblp 

plJ.ed. planta cao be expla.1ned by t.he ~ecreaae 1n the pbOtoayttthet.1e rat.. 

of t.he gLUed. plants. The percent d.ec:r-... in t.be pb:)toll1l1t.bet1.c rate of 

gal1ed. plants waa detera1.ned. to be 20 t.o ~. 

The macroscoplc 11str1bution of a rIdio&Ct1.,.. trI.c4Ir' ab..n.1 

in plant tissue can be observed !:JY êlUtoradiOgraphiC t.echr11.quea. The 

tissue wu pla.ced. against a pb:)tographic plate, for .. sui table per1.od. 

af'ter which the plate wu devel.oped. am t.he i.M8e coapued vi t.h the 

tissue structure. The reaolution of !Ln autoralU.ogra:ph is ~t 1I01ely 

determ.ned. by the grain size of the eauls1.on uaed, but iepeDd.s a..lao 011 

the specimen t.hickness, the separation betveen speci..Mrl &ad eaul.a1on. 

and the fJ -partiele range :Thaine &ad lia.lt.era, 1955). ::.n ortler t.o ob

tain an abaolute est1Jl&te of the spec1!'ic &et1 vi t1 of t.he aurple f'raa t.be 
1 

resul. te of such &5 count, severaJ. factors such .. sel! abeorpt.lon in t.t. 

source, back-sca.ttering in th. _w...1on, st&tlat1.cal \lnc.-t&1nt1. .. &Di 

observatlona.1. errors lIust be taken into &COOWlt. In th1. ex:par1aet1t, 

the autoradiograph1.c tecbn.1.Q,1le8 ...... uaed. t.o pt a v1.u&l 1nd.1.cat1.orl t.b&t. 

accurate in spi te of the lla1 taUons. 

the d.1.fferenti&l. accUll1.ll.a.t.1on of racUoactlV1t1 at t.be II1te of 

pa:'U1. tic 1.nt'ectlon follo1d.ns traDal.ocation !roll a 1'lOJU..nf'ected. l-.t re

sul.t1.ng fra. feedin& l.a'belled chem.cal.a or carbon-14 d1.old.cle bId. bMIl re

"ported by a n~ of 1IOIitc's (BaJdeOC1 !l.. !Ii., 19581 ~ &ad. 

Pelletier, 1966; Janld.ev1cz !11.i., 1969; SbP G. ... , 19~ SbaIr MIl 
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l- 4:1 1 ..,... .. fil ,.,.,-ns.Y1~ f'ol ........ & 11-'-~ pK1.o4 ~ ... 

_ tlzMt 1afor_~_ .. ut tille ~ _ o~ ""'·]ooat1oll. Ut 1 ta: 

1dIIIk·. 1IIb1cb 1. 

ofr ..... OIIIIIIDUIIIl 1lu::lz: u_ ... t.bIIIÇe .. -n_ czoowt.b .. aet1 ft" 
fd ta. p'] «1 t1._. 'nJat la wtu' tt. pll.e 111 t.be ...-:1.a'ta rc1DD 

.... __ o~ ~t pbDtolllrDt.hNI:1 ... .,u.l4 tbua p:oe--ebq " u..

~ to t..t. n..atodAl pll. t~ t.M Jlbl~. 

On U. bui. or th1.. Q:rp:Jt.t..1a one .. uld eEpect to t'1Dd. 

........ fd ~t1on 1.Il ~ect.d orpIUI. The pn.~ rd ta. 

D _DÙ..u...,uld. ult.1aat.el)- eztwuet. tbe root ~ of tbe paat 

lifta' __ tae. ~ rMUl ~ 1.D t.be do_th of t.be plat.. 
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BZpertaents w1 th Ruaa1a.r. itnapveed ~u1 turea on BS Md1U11 sup-. 

trat.S.on. A .ad'!:f1caÜor: of the B5 1Md.1ua, w1 th h1gh ::::oncentrationa of 

..::1'Onutr1enta, v! taIIina, sU8&%' and. lov concent.ra.tior. ::>f FeE:1I'A 

e1lpp)rted n .... 'tode penetration. Penet.rat.ior: of the :leaa.todes a.lao tooJt 

pl.&oe ln cul turee Wher: ~3 WU adde:1 in the aed1 ua in :::oabinat1on v1 th 

I.A &D:1 MAA. ::..ù tures lI1 th .are V&acu1a.r üfferentla.tion hai higher 

a.&tod.e penet.ratior.. The neaatod.ee ir. the cultures "ere present e1ther 

intercelLùa.rly or vere oontained i:: li cavi ty vtrl.ch had necroa1:s &long 

lu N&l.ls. '!'he boat responae ta nelU.tod.ea in culture. in thia atud,y ... 

waa no ayncyt.!.& or g1ant cell foru.t1on and no neaatode reproduct10n 

The arfect of the galle foned by ~. p1crid1a on the a.er1&l 

part. of Ruasian knapweed waa exu1.ned.. Uaing ndioa.cti 'le tracera. the 

d1at.r1bution of C14 1.n galled and. nonga.lled plants wu 1nvest1gated. and. 

lt wu ooncluded that the ga.lls forœed by f.. picr1d1s a.ct as powerful 

'pb.y.1ological slnka' attra.cting JO to 60~ of the pb:ltosynthates pro-

duced ln the pla.nt. c;.a.Us in the mer1stell. reg10n attract flOre photo

synthates than galls on the leaves and gàlls with a higher freeh weight/ 

dry we1.ght ratio had a ~her aooUB.Ù..ation of rad10actl vi ty tban galle 

w1th low freah we1ght/dry we1.ght ratio. 

ISO 
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a. 

b. hi pr concentration 0 f II&C%'Onutri enta, vi taa' ne. aup.r, ADd. lov 

ooncentratior:. of FeE11I'A. 

c. Incubation of cultures at lover ~pcat.\lrea to p:oolDnc ta. lU. 

of the cul turea. 

d. subcul turi~ of 't.he dual cul. turea by tr&naferr1.ng tbea on frellb 

..ua w1 th s-..e or d.1!ferant hor.;)nal ratios. 

e. trpr1.nIù.ing the 1W!Id..i'J.m with sterile sand te reduee the surface t.eIla1on 

of the agar. 

! • aubat1 tut.1on of the ~ by otber substratea such as perll te or 

V1InI1eul1 te l«lul.d. prende sui tabl.e envirorment for n--.tod.e pene-

trat1on. 

s. Ml.ect1ng the right stage of neaatode developaent, becauae the 

&bill ty of the neaatodea to function &8 gall f'oraera varies conaider-

ablJr de~ on i te physiologtca.l age and the Ume over wh1ch 1ts 

.taboUe act1 vi ti es a.re be1ng meast.tred.. (B1rd and. wveys, 1975). 

The nesa.tod.e ha.s been a.pproved for release in North America 

and. haa been relea.sed on Russian knapweed 1n A1.b~, Sa.ak.a.tchewan and 

Quebec. The lack of' IIOvement in or on the 9011 euggests that lt MOuld 

have to be apr:ead. tooroughly over a. knapweed stand ln such a manner as 

a granular herbicide (Watson and Harris 1n press). The nema.tode requires 

an overrlnterlng incubation perlod in the aoi1, fol10wed. by a molet 

aprlng, before 1t will infect Ruaeia.n knapweed.. A large amount of 1nocu-

lua lIOuld be required lf the nematode ls mass released. on Russia.n knap-

weed. infestations in North America. Techniques should, therefore be 

worked out to obta.1n large quantitles of infectlve 2nd. stage 1arvae. 

1 
i 
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1DOC',1 at.101l p»ced.urea abould. &bo be ~ to n.m wbetbar tbe 

2Dd. atece l.&r:Yu an ta lM ~ed 1n .. _te' ~n or 11 pl..l.a 

lII:'e o~ ned., vbetbm." theJ oould be broIIdcut.ed .... granular herbicide. 

P"urtbIIr studiea. tnvol V1.ng env1.ro~nt.&l ooDd.1 t1ons, nutri t10n of the 

boat t1_ua 1n ooab1.n&t1.on Vi th the hor.onal. factors sbould. there1"ore, 

be oaaducted to eatabllah a 8NlUI for ..... cul t ur1.n& t. i1c;141. 1n 

laboratory uaing t1eaue culture t.ecbn1.q UN. 
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AmamU A. M2DIfIID Jl)NiW!D' S SOLtll'W ... 

\ 

OoIgglmd _ <

tyo4 

M&S04 

~ 
-/~4. 

If\.l«) -
J ' "\. 

M1aroJlUtr1~ 

. ' 

HJBOJ 

. ~2·4HzD 

- ZllS04'~O 

. CuS04: SHi> 
lfaMo()4' ~O 

. " .... 

Jf 

\ 

"'. 
\ 

< .. 

~to9i !2.\It~n 

1)8.000 g/L 

?Ml.225 g/t 

147.000 g/L' 

"85.125 g/L 

60.000 g/L . 

2.860 g/L 

1.810 g/L 

0.220 g/L 

. 0.080 g/L 

o~o26 g/L 

. .. 

~_QIltlX! 

1111. 

2 al. 

Sal. 

Sal. 

.. 0.,5 al. 

1 al. 

(Hoacla.nd and Aron. '1938) •. 
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o APPENDIX B. 

, . 
M1cmnutrient~ (store in freezer) 

, f • 

Manganoua sulfate MnS04.4~O 

Borie &cid Hj30) 

Zinc sulfate znS04,7Ht> 

Sod1U1l molybdate 

Copper sulfate 

Cobal. t clUorlde 

NazI'b04' ~O 

CtIS04·5~O 

CoC12,6~O 

Vi taa1ns (store in freezer) 

Nicotin1c acid 

'l'h1am1ne.HCl 

Pyr:1d.ox1ne.HCl 

Myo-Inositol 

Cal.ciUll. chlorlde . 

o Potassium i~de , KI 
(store> in &aber bottle-in free"er) . 

Macronutrléhts (store in refrlgerator) 

reEM'A 

Sugar 

" Ammonium nitrate NH4NO) 0 

Potassium nitrate KOOJ 
Magnesium sulf'ate MgS04,7HZO 

Potassium ~ulf'ate KJY'04 

1 0 
1 

J, \ 

1 ,. 

Stock Solution • 

mg/l00 ml 

22)0 

620 

860 

25 
2.5 
2'of 

t mg,/100 ml 

100 

1000 

100 

10000 

15 gfl00 ml 

75 mg/l00 ml 

, 

~+ 
16.5 

19/.0 

:3,7 
1,7 

" 
20 ta)40 mg!L 

o ~.. :~. 

0.6"to 0.8% 

Fina.l :gH adj~ Jo 5.8 w1th O.ZN KOH or O.ZN HCl. 

" 

(Murashige and Skoog, 1962) 

.... \ -

" 

17.5 

Amount/L 
, 

1 ml ~ 

1111 

2.9 ml 

l, ml . 

100 ml 

2'; mg 
• 

~5 g 

8 g . 

• 

.0 

\ 

./ 
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1 
APPE!NDIX C. B.5 MEDIt.JM AND ITS l'DDIFICATIONS 

B~ B5mod.· B21tood.. 

STOCK SOI11rrON AK>UNT!L 
rI 

Micronutrients (store in freezer) mg/100 ml. 1 ml. Im.l 1 ml 

Manganous sulfate MnS04•4Hf> 1000 

Boric acid H~3 JOO 
Zinc sulfate ZnS04 ·7HfJ 200 

SodiUlll moly bdate Na2Mo04 • 2H:f 25 

COppel:" sulfate CuS04 ·5HzO 2.5 
Cobalt chloride CoC12 •6Hf> 2·5 

Vi taains (s1:<>re ir:. fr~ezer) mg/100 ml lml 2 al. 0.5 ml 

Nicotinic a.cid 100 

1'hiaaine. HCl 1000 

Pyridoxi ne. HCl 100 

Myo-Inosi toI 10000 

Ca.lciU1l chloride GaC12 ·2Hz° l.5gjl00 ml la!. 3lÙ 0.5 al 

Pot&asium iodide KI 75 s,g/100 ml. 1 lÙ 211.1 0.5 ml. 
(&aber bottle. in freezer) 

Ma.cronutrlenta (store in ref'r1gerator) g/L 100 al. 1.50 lÙ 50111 

Sod.1œ phosphate 
dibuic NaHzR>4' Hi' 1.5 

Pot&aa1ta nitrate KlC3 25 

.w.oniua sulfate (~)-f!JJ4 1.)4 

Kagnea1ta sul.tate MsS04 e 7H.p 2.5 

FeEMA 2Oto 40 .JI. JO. 1.5 .. 15 II« 

Sucrase ~ 1.5 g )Og 7 • .5 ag 

Agar 0.6 te O.~ 8 g 8 g 8 g 

Final pH adjuat«l te 5.5 w1t.h 0.2N mH or 0.25 Hel 

(Guborg and Vetter, 1975) 

.. 

1 



1 

( 

APPENDIX D. FAA (formalln-acetic-alcoM1) 'Pempel' s mixture' 

Glacial acetic a.cid 

J'ormaldehyde (37-40%) 

EthanoJ.. (9~) 

Va.ter 

80 ml 

130 ml 

)00 ml 

600 ml 

177 



1 APPENDIX E. 

Steps 

1 

2 

) 

4 

5 
6 

7 

8 

SI 

10 

11 
-...-

12 

PIDCEDURE FOR DEHYDRATION AND œBEDDltI; IN PARAPLAST 

TBA (Tert1a.:ry Butzl Alcob:>l) delvdration series 

Solutions T1.JIle 

'l'ranst'er t'aed material to ~O 2hr 

~ ethanol Ihr 

~ ethanol Ihr 

m ethanol Ihr 

~ ethanol 1 hr 

9~ ethanol Ihr 

Abl!lOlute aloohol,TBA (111) Ihr 

Ab.,lute alcohol :TBA (1: 3) 1 hr 

1~ l'BA Ihr 

P&ratin 011 :TBA (1&1) 1 da;y 

Pour off 1/), ad.d }'&r&plaat (60°c) 2hr 

Iiabedd" ng in parapl.ut 

(Berlyn and M1bc.be, 1976) 
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l, • 1 APPENDIX F. STAINING WITR SAFRANIN - FAST GREEN 

Steps Solutions Time 

1 Xylene 5 min 

2 Xylene 
~ 5 min 

( 

J 100% eth,yl a.lcohol 2 min \,,-
4 70% eth,yl a.lcohol 2 min 

S 50% eth,yl a.lcohol and 

safranin (53°0) 1.0% 10 min 

6 J 70% eth,yl al co ho 1 2 min 

7 9:f1, eth,yl a.lCO~ and 

fast green FèF ir.:JI, 2-10 sec 

8 1~ ethyl a.lcobll 2 min 

9 1~ ethyl alcobll 2 lIin 

10 carbol-xylene 5 sec 

11 x;ylene 10 lI1n 

12 x;ylene 10 lI1n 

(Bc-l,yn and. M1bche. 1976) 

If 

( 
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APPENDIX G. SAffPLE PREPARATION FUR LIQUID SCINTILLATION roUNTING 

1. 10 mg of sample (air dried.) ls dissolved in 0.5 ml of 1:2 

Perchloric acid 60% and. H202 )0%, by incubating for 1 br at 40°c 
in an incubator. 

2. Let the vials cool down. 

J. Add. 15 ml of scintillation fluid and. shake well until a 

clear solution obtained. 

The scintillation fluid centains: 

PPO ---- 12 gm 

Tol u ene 2000 ml 

Ethylene glycol monoethyl ether --- 1000 ml 

4. The samples a;re p1aced.~in a. liquid scintillation ceunter, 

ca.librating it for counting l4C. 

, 
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,.1. 1. r.r:..h .. tin' we1f1i!t.a of 41tterent parta of galled and oonplled Russian knapweed plants 1njeoted 'Hi th 
r.notoM J) (lltc(U») -; the nUllber in pu"4IIltbeeea lnd10atea the visU&! oondi tion of the ga.l1 on & scale 
of 1 St !t .. V!I ...... ogt.a14. 1. th! rrMb !f!1cbtLm walsht ratio of the gali (E!cperlJtent 1). 

am..,. 
Cine of 1ItpU
p1aat.) _te 

A 1 

2 , 
• 1 

2 , 
o 1 

'2 , 

<J'reM u.Hbt/D17 welSht ln p) 

nU.t. I&\J' H)()T STD!. X 

Calle4 Nonplle4 Galled Honpl.led Galled Hongalled Gal.Ied Nongalled .. 
Cl) O.Ofl\IO.I08 = 4.89 -1 ).168/0.440 1.987/0.288 2.284/0.692 2.261/0.646 0.390/0.089 0.)12/0.182 
(3) 0.069,10.015 .-.60 1.ItOO/O.200 1.408/0.200 1.404/0.)60 1.824/0.,521 0.)83/0.0œ 0.607/0.1~ 
(l) 0.0,a/0.102 1: _.8) 1,642/0.225 1.171/0.165 2.092/0.510 2.557/0.752 0.275.10.0;8 0.318/0.082. 

(2) 0.069/0.01 •• 4.9) 1.8SO/0.250 1.108/0.142 1.426/0.432 2.0;0/0.554 0.530/0.123 0.068/0.01; 
(2) 0.090(0.016 1: 5.62, 10590/0.220 1.785/0.248 0.861/0.287 2.176)b.640 0.)01/0.075 0.536/0.134 
(1) 0.to1/0.01S .. 6.71 1.)68/0.180 0.728/0.095 0.851/0.2)0 1.76510.464 0.200/0.040 0.180/0.045 

(1) 0.101/0.020 1: 6.05 1.820/0.241 0,787/0.100 0.968/0.269 2.615.10.688 0.417/0.098 0.050/0.010 
(1) 0.109(0.016 .. 6.81 1.99)/0.2,58 1.147/0.149 0.764/0.241 0.823/0.23.5 0.374/0.090 0.536/0.134 
(t) O.~O.OlJ =1.)8 1.611/0.210 1.152/0.144 1.628/0.524 0.786/0.202 0.277/0.068 0.225.10.055 

....... A - ........ ta. lobecllMt ...,.s.n ... qrate leat (gallon leaf ln galled planta) 
... ~ .. Ua .t1:n.lAat ..rc1D ... apatul.&te leat (pU on petiole ln galled plants) 
C - Plada wltk .un 1..., -.s.a aII[Il apatulate leat (pU on leaf' in galled plants) 

.. "-1 GNIl\1oa of 1&111 1 =~' ml n..., 

nt ~t " 1trlrs. at rh 

2 1: ... MIl DOIl-tlellh,y 
) 1: bmWl ad. DOn-n~ ,. = po- u4 d:r7 

.. 

.... 
(» .... 

!1 
" 

j 
,If:! 
.f' 
" 
tJ 

" -'~ 

1 
~ 
i 
?t 

" ~ 
<i 

! 
l 
l 
l 
~ 
~.J .. 
f 
~ 
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i 
S 

~ 
1 
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~ Il. Pl'eIIb ..... 417 WldJlbt.a4o~ 41tt...m. p&rta of plled and nonplled Buaalan knapweed plants wh1ch 

~-iD l' <:02 chuiber. The nUlibar ln parentheaea lnd1cates the viaual condition of the = .... ltOIJA of 1 te ,. and. the n.abca outll1de are the freah welght/dry welght ratl0 of the gall 
n'", 21. 

... .,.' (l!:!!h w.1sbt./Qq we1ght 1n e) 
("... of lapUoate GALL 1 GALL 2 .". LEAF lOOT 
a1at.) ___ ~____ _ . _____ ~_. _ sr!l4 

" 

.' 
0' 

1 
2 
) 

ft 

s 
1 

2 

) 

It , 
1 

2 

) 

It , 

.. 
(1) 0.127/0.015 li: 8.47 
(2) 0.o6e,'o.101 =: 6.80 
(1) O.lOi/O.OU == 9.2'1 

(2) O.O?t/O.010 li: 7.10 
(1) 0.099/0.012 - 8.25 

(1) 0.11)/0.011 == 10.27 
(2) 0.076/0.010 li: 7.60 
(1) 0.1~0.01_ - 8.~ 

(1) 0.129/0.012 :; 10.?.5 
(2) O.0811O~010 li: 8.10 

() 0.061/0.010 = 6.10 
(2) 0.083/0_.011 = 1.!1+ 
(.te.) o.OIt6,Io.OU = 4.18 

(2) 0.106/0.01) = 8.15 
() o.on/o.ou = 6.1+ 

..... (PlMta IIlUa t8t.1n lat MIWlA .. apaWlate leat) _.t - a--. ,..U,b .. ..u s.a Uw .-lIMa ncloa. • 

1.707/0.2~ 
0.753/0.101 

1.211/0.169 
O.64j;Ô.09O 
0.981/0.111 

o.J07/0.041 
0.18)/0.OJO 

0 .. 225/0.038 
0.191/0.025 
0.J81/0.~71 

1.612/0.210 
1.199/0.168 
1.688/0.211 
2.)))/0.)16 
1.5?t/O.l~ 

1.781/0.4~ , 0.101/0.127 
1.211/0.301 0.131/0.030 

1.186/0.)20 0.081/0.021 

1.072/0.2)0 0.099/0.025 
1.254/0.)43 0.116/0.041 

1.091/0.148 0.161/0.041 
1.139/0.162 0.120/0.030 
o~S96IO.~31 0.14)/0.033 
0.961/0.099 0.247/0.059 
1.007/0.199 0.200/0.048 

2.101/0 • .519 0.191/0.040 
1.191/0.)27 0.212/0.043 
2.176/0.~1 0.211/0.059 
1.166/0.)15 0.242/0.059 
1.872/0 • .500 0.136/0.035 

.' - ....... u. '- aallaJ .. pP 111 t.be JI!IIr1at. rec10n and anotber pll on a leaf. 
C· - ......... ua _ pUa \ooatatl) • 

.. a-1 ....a.u. ot.u. 1 ...... liId n..,., 2:: green and. non-t'leetQ'1 3 = brotm and non-fieshys 
,. • ._ lIIIl cIr.r. 

• n mu" il '5' ; Ft P$ 11 sm :.1, $Sun m taM $ nntI'EtI t ri" ". ... --."U_"'--".-'""'_'''$i •. '~ 

1-' 
CD 
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......... .. 'li 

·1 

J 
.,..1. 111. .... ... ., .......... f .ur-=: ...... of plled .. IIOIIPlW huian kll&plHl4ld plauta troa whlcb only presentation lea! j 

(I.&ar) r: .............. la ................ la ~ lndloatea tM Ylau&1 condition of the pU on .. i , 
...s..., .. , .... Ulla ................. fhIIIa ..... t.a/.;~ .. lattt.. rat.io of tM pUa (liIxperl_t 3) 

fIMt _.lm IIII1&ht la • 

• ~ CAU. 1 QALL 2 GALL ) LIW" fIlOT ST .. 1. LUI' 

i ('l'7p et .,u ... 
•• d ri ,- 1 (1) "*II •• • 6.lS 1.262Vo.171 2.)06/0.6)0 0:29ét0~019 0.100,/0.013 ;< 

~ j 
1 (1) • ....,. .. 1). 6.15 1.771/0.2~ 1.16110.471 0.224/0.057 0.089/0.012 l ~ 
) (I)'.~ ., .. 0.~/0.11? 2.27510.651 0.519/0.1)4 0.1--/0.015 

• (1) .. -..? · 7." 1.S91/O.227 1.151/0.)) O.28G.fO.069 0.081/0.011 i 
S (1) .. ..ye .. ,.,..» 1.m!O.I?O 0.M1/0.2ft1 0.16'l/O.0It2 O.lOUO.Oi.) ~ 
6 (l)"~ -6." O.19stO.l07 1.~/0.~ •• 200/0.05) 0.9?O/0.012 r , ., (1) •• .,. •• ,. 7 •• 1.)9Q/O.192 1.800/0.~ O.~/O.lO7 0.088{0.O11 t 
• (.)...,... ..... ).11 1.080/0.1)2 1.2)1/0.)56 0.210/0.0,0 0.08)/0.011 l , 

Cl) ."""AU .... 1.6l6(0.1~ 1.156/0.)80 0.1~/O.042 0.109/0.01) <j 

~ le t') ... ~ ••• ". 0.620/0.088 0.96'l/0.321 ,~.219/0.055 0.090/0.012 

I- l (1) .. .,...u · ,.. (1) O.",,,. ... , • 1.". 0.23210.0)0 1.064/0.2'l6 O.O?'IO.012 0.121/0.013 
, 

1 (1) • ...,,/e ... • , • .,. (1) 0.~11." • .,.71 0.S2s10.069 0.921/0.2,0 0.119/0.025 0.100/0.011 
) (1) ..... ..- .... ,. (" •• 1Wa.819 • '.00 O.SSslO.07l 0.717/0.211 0.080/0.017 0.088/0.010 .. (1) .. ...,..., • '.111 (.) •• lItIe. .. • .... O.6~/0.088 1.222Vo.315 0.082/0.019 0.1)2/0.014 , Cl)"~.au ..... (]) e.u~.018 .. 6.:» 0.)D7/0.~ 0.499/0.121 0.08?/0.020 0.091)0.010 , 

(1'"1''''' ... ., e') ..... 011 ••• 00 0.~0.0)7 2.01Ot0.S21. 0.109/0.022 0.121/Q.013 , (1) •• UW'e .... • '.l? (l) •• *Ie.01G .. 6.00 0.519/0.011 1.009/0.281 0.101/0.024 0.099/0.011 

• (1) "1IIl/G.OH ..... (') .... lIe •• ao • '.10 0.-'/0.049 0.81~O.265 0..09610.017 0.14410.015 
~ 1 9 (1) '.llI/a.m .... (') • .t6J/O •• ll - Se.st 0._10/0.060 0.968(0.)21 0~.02'l 0.111/0.013 

Je (1) ............. ,. U) •• ~ •• l) • j." 0.211/0.051 1.)1l/0.)l1 0.19510.031 0.137/0.014 ) 
C- l (I)'.~ .... ,. (1) e."'.ou -c.a.. (.) 0.0,.,/0.0),0 .. s.?O 0.12s10.018 0.428/0.111 0.1""/0.029 0.081/0.010 i 

1 (1) .. uOe.- ..... C') •• ~ ..... '.10 (1) O.UYO.OlO -U.lD O.06~.OlO 0.692/0.204 0._/0.011 0.100/0.021 ~ 

1 l CI) •• u:v..a? .. , .. (1) .. ~.ou ... 8) (') 0.0"/0.0" .. 5.18 0.1)0/0.029 0.651/0.19S 0.091/0.012 0.089/0.011 

• Cl) ..."". .. , • 6..Itf (1) "~8l' .. ,.GO (1) 0.11»/0.010 a18.00 O.01stO.011 0.560/0.162 0.100/0.020 0.093/0.010 'd , , (1) .. ...,.. .. • ,.,. (1) '.~.0I8 .. 1.10 (') 0.0lil/0.012 c: .s.,a 0.1.,/0.017 0.)21/0.cm 0.141/0.033 0.097/0.011 

1 
, (1) O.J.U1a." .. 1l.IA (1) •• UitIO.- .. I.!II (1) O.l2lJo.OlO =U.lO O.oeo/O.OU O.711/0.'1J)9 0.127/0.025 0.081/0.010 ..... ." 

CP 

(» • ...,..,. .... , •• (a) o.OI"I\IO.OU. • 6.,. (1) 0.111/0.010 -ll.1O 0.071/0.011 0.)10/0.099 0.091/0.011 0.019/0.010 
1....> 

1 
~ ~ • (1) 0.".'11 ... .- (1) •• ~010 • 7.)0 (') o.066/0.0U c: 6.00 0.191/0.0:11 0.622/0.181 0.1"$1/0.026 0.081/0.011 
~ 

(Contlnued) :t. 
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,..1. Ill. (ClDDUaued) 

c;nu,-
(." .. • t -..u.w GALL 1 CAI.L 2 
.,,) ------

a- 9 

10 

D" 1 

2 

) ,. 
S 
6 
? 

• , 
10 

(2) 0.091/0.&11 ... 8.27 
(ft) 0.0116/0.010 .... 60 

(2) 0.091/0.012 '" 7.58 
(1) O.l2YO.OIO :U.SO 

~ 

....... (~ ....... ..u... -t.t -.s.a MIl .,.t4alaW t.t) 
,- - ...... 1IlU. ... lIIl 111 * ........ NIloa 

-. 

GALL J IBAF lIX71' STi2I X.LEAF 

(4) 0.049/0.010 ~ 4.90 0.187/0.027 0.417/0.127 0.101/0.018 0.081/0.010 
(4) 0.~0.0l1 = 5.50 0.Il4/0.022 0.587/0.176 0.076{0.01) 0.096/0.012 

1.16510.182 1.184/0.309 0.167/0.044 0.208/0.033 
0.616/0.220 1.100/0.258 0.161/0.0)6 0.201/0.026 
1.296/0.186 1.)80/0.)40 0.110/0.025 0.157/0.021 
1.697/0.24) 1.720/0.452 0.15310.036 0.17)/0.027 
2.331/0.316 1.166/0.)15 0.242/0.058 0.191/0.024 , 
1.981/0.260 0.919/0.250 0.183/0.~1 0.189/0.024 
1.117/0.152 0.784/0.210 0.166/0.040 0.146{0.018 
1.259/0.171 1.112/0.)00 0.192/0.046 0.197/0.025 
1.)82/0.185 1.003/0.271 0.1?1/0.~) 0.174/0.020 
1.414/0.196 2.417/0.622 0.171/0.040 0.181/0.021 

.- - ............... "- •• Ua ... ..u la h Md ..... ~II &IIIl IIIIOtber pll. on a le&! 
c:" - n.-. _ta __ ..ua. ... ..u t..a ta. ..-1 ..... ncion. __ pll. 011 a le&! belov aer1.st.e.. third gal.l. on a bat' 

............. ..,u , ' 
.. - ............ ..ue (CIIIIOUDl). . 
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Table IV. Foraula for determ1n1ng the ooWlter's effioiency !rom 
Carbon-14 Stand.azd Quenoh Cl.1J:'!nt plotted t'm_ saaples 
Mi th known UIOWlt of rad.1oaçtj.y1 tl. 

Observations Et'fioienoy' (X) 

l 0.89 .5~Sl6 

2 0.83 389084 

J 0.78 28J219 

4 0.68 177529 

.5 0.60 13222l 

6 0.48 8l..242 

Tbe recreaa10n equat10n y,. lJo + B1.X 

J.r. y = ùpeDrlent variable 

X = 1Id.epeD1ent ftZ'1alIl. 

Jo -= I- 1Dtccept • -"13SS.1471M898 

Counts per 
Minute (CHf) 

45716 

42282 

39953 

Jij.?82 

)0616 

24693 

i1 li!: ~ ot t. .. l.1.De == 109,.,.,.5.9)5)741.5 

To d.tmllu t.bII .tt101eœ,- for pu'ticular plaDt .upl.e :troll 
aboYe "l-Uon 
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Table Y. Rld.loaotlY1tJ (oorrect.t tor baoksround) ln ditferent parts of g,.I.led and nongall~ Russlan knapweed 

lluta 1!Y!,9t!!! DY! !'.r!!sH" o[14g{Ull- {1!RfF1!ent. II 
? 

b2!Eta RIF !!:nute {Qr!!l ln 12 !I drY w!lght auRles 

GALL LIAI' RX1l' STDI.X Gmup" <,.,.,. of Baplloat.e 
plat.) 

• 

B 

c 

.. GI:oup 

Gallèd Noncalled Galled tIongalled Galled Nongalled Galled Nonga.lled 

1 8281 5333 )048 121 223 6637 55462 
2 2169 174 1)001 587 912 1652 613'7 

:3 1054 17? 19952 1.5) 195 181 31189 
1 10210 112) 28184 170 786 6039 26977 
2 101147 80.54 9516 69 740 7015 4897 
:) 467?3 16U' 40517 ;80 783 8709 6012 
1 9'f841 2~3 45919 262 774 1)092 2655 
2 J"rl )147 17179 1324 764 8511 1422) 

J 872!J7 6)6 31677 2202 982 8260 18749 

Â - Planta w1t.h lobed 1eaf llU'g1n and lyrat.e 1ear (gal.l on leat ln galled planta) 
B - Planta Vit.h 1I\t.1ft 1e&t M1:'I1n and spatulate 1eat (gallon petiole in galled plants) 
C - ftMta w1t.h ent.1re le&t u.rs1n and. apat.ulate 1eaf (gallon leat in galled plants) 

c. 
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Table VI. Radioactivity (corrected ror background) ln different parts 
of galled and nongalled ~slan knapweed pla.nts wh1ch 

~ pootosynthe~sed in t~e COz chamber (Exper1.ment Z) :t 
., 

Count§ pet: minute (CPI!) in 1Q !!6 dry wight -slJI1)les 
0 , 

Group* ~ 

(Type of Repl1cate X.GALL 1 X.GALL 2 XoLEAF X.1IX>'1' X.STEM 
-elant) 

A' 1 20073 16074 322 1516 
2 110,58 33J86 457 2040 

3 11746_ 4937 717 2080 

4 9698 41935 1146 270 

.5 27197 31092 147 290 ~ 
il 

B' 1 243)6 2172 31998 861 157 i 
2 64)4- 2161 28572 2170 2013 
3 26514 799 462)8 88 1128 
4 28998 ' 9917 68.50 216 1976 
.5 7114 1869 1957Z 4) 288· 

C' 1 20942 '1121 371.5 
2 6881 4798 261'7 

3 206Zl 983 2:l66 
4 99I1l 39.52 3211 
5 12653 827 2186 

• Group (Plan'ta vit.h _tire le&f II&Tl1n &ad apatulate l.ee.f') 
-

A' - Planta 111 th one caU 111 ..n..t_ rec10n 
B' - Pl.Illta v1tb ODe pll ln -.r1ata rec10n UlIS. uotbc' 

pU on lM;t 
C' - Planta li th DO p.1.l.a (control) 
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1 Table VII. Rad.1oact1v1ty (corrected for background.) 1n different parts of 
galled and nongalled Russian kna.pweed. plants fro~ which only 
~eBent&tlon lea.f (X.LEAF) pl'x>tosynthesl~ed in 1 C02 chamber. 
~r1ment Jl. ' ~~ 

a ~ 
Q2unts 'D611 minute (CPM) in 10 y drY we1ght saDl:E1es '~ . , li. 

Group* 
~ ); 

~! 
(Type of Repl1cate GALL 1 GALL 2 GALL 3 LEAF lDOT STE:-t X.LEAF ~, 

'" 
:Elant ) 

" 

A" 1 33298 32620 682 2659 26463 
2 36454 1949 355 3964 18977 
3 12240 410 1900 1480 3690 
4 26775 11.50 578 916 25944 
5 20073 16074 322 1516 15673 

,t 
7-

6 17844 791 2124 5980 22333 
7 17979 139 490 4831 18514 
8 (;#7 1350 4696 6179 58109 
9 1905 1835 195 4424 17542 

10 1586 349 1135 157 33751 

B" 1 56684 12922 1125 617 2)61 84053 
2 701)6 26682 295 183 1628 9'J4-77 
3 J2583 1259 183 J204 9819 104415 
4 SZ603 181 174 703 2482 - 25950 

5 11897 2862 7149 1119 589 18714 
6 26775 726 1151 578 916 27944 
7 57397 JJ08 ' 135 1587 619 19989 
8 2.5842 213? 7244- 963 3519 27311 
9 2?'lPÂ 923 116 1.5.5 973 3729.5 

10 16977 1995 4571 l286 1713 19831 

C" l 70224 ,36606 177 192 5.594. 8.514 99097 
2 24736 179 15214 196 880 452 42689 
3 11}96 Sl25 889 958 1423 896 570S6 
4 5740 7408 J4J6 U61 llSO 1980 22735 
5 SOS6.5 ' 1269 175 382 2229 1712 3.59J4 
6 J.5663 )209 11736 3.5S6 447 358 4222 
7 7117 1197 6785 2872 627 -196 42983 

( 8 17761 1876 612 1616 917 980 37586 

(COnt1nU4ld.) 
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1 Table VII (Continued.) 

Group*" 
(Type of Replicate GALL l GALL 2 GALL ) LEAF ROOT ST~ X.LEAF 
Elant 

Cft 9 2l6U 2718 JJJ 217 31) 1129 786.51 

10 981 J?751 716 166 87 683 68349 

D" l 111)9 1142 2518 273.50 
2 11127 1158 2223 22712 

J 2978 2896 5327 12588 

It_? 1164 J88 3163 )4168 

5 5935 127 2619 28878 
6 1119 1062 1190 12701 

7 5405 .3024 J03? 18494 

8 6155 392 3188 3.5061 

9 6720 429 1257 41683 

10 9f:f17 768 1390 21813 

iIGroup (Plants id th ent1re 1ea.f' margin and. spa.tulate 1ea.:r) 

A" - Plants wi th one gal.l in the ur1.st .. reg1.on 
Bn 

- Plants with two gaJ.l.a, one gall in the aer1stem reg10n 
and another ga.ll on a lea.:f' 

C" - Plants wi th three galls, one gal1 in the aer1atell reg1on, 
second gallon a lea.f below aer1.stea, th1..rd. ga.ll. on a 
leaf below second. gall 

nft - Plants with no galls (control) 

( 
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Appendix Figure 1. CARBON-14 Standard Quench Curve. 
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