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ABSTRACT 

Fl';lgmcnts of FIlLISi:ll1 "':1 terlll i Ifoi I (.ihlin j)!ll'r I II Iii 
.1/)/011/111/ I,.) drawlI thlOugh (ooling ~ystenl~ 01 large 
electricit; gcncLllillg· sLltiollS would he c'.:posed to 
rcmpcr;ltllreS from ,llllbicl1t lip toll (: for :!..:~) to 10 lIIill 

depending Oil the design alll! oiH.:'r;llioll of Ille Llcilit\. 
\\,itl1ill this lelllpcratulT:tillle C:-:pOSIlIT I·;lllge, Eurasi;I·11 
watcllllil!oil \,\':IS stiJlllli;ltcd or parti;tlh illhibited Illit 1101 

COlll plctely killed. FragmclHs of t 11 is specie" "'LTC ki lied 
durillg ;15 llIin exposure, at !)() C. ,\l V) C a 1() mill C'\.­
poslIl'e sc\crely inhihited subsequcllt growth. 

INTRODUCTION 

Eurasiall walerlllilloil is ;In e'\.oli( ;Iljudtic dllgimpenn 
that has been introduced illto various ,\l1IcriCII1 freshwater 
locations. This species reproduces :t!lIIo.st clllircly h) 
vegetative fragmcl1ls (10). BCClllS(-' of its rapid r;ltes of 
gnnnh, fragmentation, al1d cst:lblislllllCllt 01 new colonies, 
heavy infestations can develop quickly and threatcil 
variolls desir:li>le IIses of \vater resources. 

.\ large vo\ullle of waleI' is drawl1 tilrough St(',11I1-
electric g·enerating sLltiol1s for coolillg. If Eurasial\ w;ltel'­
l1IiIroil is presellt ill the SOlllCC 01 tltis coolillg w;lter, frag­
mellts may he clptllled ill the flow of waler drawn ill for 
cooling the steam cOlH.knsers. If this (oolillg "'<ttlT iii thell 
discharged to a cooling lake, ~pr;ly pOl1d, or other impoulId­
ment, otherwise free of t It is \\'eed, t bese fragmellts could 
establish a lIew infestaLion. 111 lH;lllY cases, plallt fragmclIts 
would l10t 01l1y ha\'e to pass ll1Cclla1licai baniers (scree liS) 
hut would also haH~ to slIrvi\·e physicll and t hennal 
stresses. \Vitltill electricity gcnerating stations opel:tted hy 
tilc Tellllessee Valley Authority il1Cre;ISe ill watcr t(,lllpera­
IUfe in tile condellsers rallgcs Il00ll ;) to \;, (; a\)oit' ;llllhicllt 
tcmpel(It lllC .. \t till.' ~t;ttioll with Ill;l'\.illllllll c'\.jJcctcd COII­

dellser temperature, maximUlll :llllIlIal ambicnt tempera­
ture is generally about :)0 C. and tcm]>er:llurc rise ill the 
condenser is II C. Cl'\l(' higlte.st tempcI;!! lire 01 ill-pLiIiI 
cooling water c'\.peeled ill the TCIlIlC'ssee Valle\ .\urilorit\ 
system i'i ,j·,1 C. In tlte rC.'ie;mlt reponed llcn>,! tlte ;lbilil~ 
of small fragments of Eurasian waterlllilioil to surYiy~' 
lltermal strcsses was tested by dropping· t!lelll illlo heat.ed 
t;lP \\'atel' (H), 

METHODS AND MATERIALS 

PLtllts W(,le growlI ill lores! soil ullder gIT:Cllil()ll~e COII­
diLiolls <IS preyiollsly described (ll)'\l'j('(·s "'(TC (III tol 

(Ill, transported to tlte bl>()l;tton, alld 1tc;Il·trt';ltcd \,·jtltill 

(
'l) 
)-

<I Ie\\" llOlllS. Illitial dry weight oflllllrcatcd cOlltrols W;IS 
Itt.1 ;LO IlIg pCI' 11';lgIIICIII. Tilc tClllpcr;ltlire 01 tile W;ltcr 
illto \\'Ilich pLtllts \Ien: dropped "';IS me;ISlll'('d "'illl d 

IIlCIClll Y tltclllIollletc)", three repliC:ll'.'S pel' tre;ltl1l('lIt. COJll­

l)illdli()llS or telllpcr;l(lIH.:~ II00li >;;i to 80 C ;\IId times 01 

("<POSllIC or~, r), 10. :llId I}-) mill \\'CIT tested. Rcsllits of 
:HlIill C'\.jlOSliIC to \';lriollS tempelatures dlld of I:) C C'\.­

poslile lor \;lIi()lIs I illles ;II'C reJlorted. Plants \\'Cle leturned 
to Lip \\':ltlT :It rO()lll ICllIpCr<lllllT illllllcdiatcly ;Iftn cx­
j>OSllIC tl1(,11 pLlllted tlte ",lllle (by ill ~()()-11l1 fLlt-bottollled 
test tuhc." ill forest .,>oil. .\ltcl incuhation 101 ;\~ (I.;\\S at 

:!.() C \\itll ;liJout <)i()() Ill'\. light, roots alld Slloots 'were 
l1;1nestcd se!':lrately, dried oVClnight at ,0 C. and \\'Cighcd. 

RESULTS AND DISCUSSION 

C\'()"'th was illhil)itcd proporti()nally to holh tempera­
ture (Figure 1) alld exposure tillle (Figlll'e ~). All speci­
lll~)lIS c'\.posed for :l mill at :iO C or 10 mill at ,15 C died. 
These de;ld plants lost wcight durillg heat tre;ltlllcnt ;tlld 

illcubation. E'\.poslll'c to illhibit ,veight illClcdse ;~)() per­
cellI (I;,,,) W;IS illtCq)()l:itcd to be H lIIill at 1:) C. The 
lowest heat. trClIl11ellts stimulaled sllhseqllent growth. Tite 
Ihreshold 01 heat d;\I11agc (1\11) was ;tl)()ut !l min arlO (; 
or :!. 111ill at F) C for roots alld ahout :J mill ;ll !:"j C fOI 

sitoots. 
Eurasiall vvatcl'lnilfoil showed the respollse to intCl'­

(lnioll of tClll))('I':ltlllC ;tnd tillle of l~'\.posule typicd of 
otlter plallts (~, ~:, (i). Duration of cold exposure plays 
;t lllillO!' ro]c ill Cillsillg d;lllngc dlle to cold stres.s hut 
dllratioll 0/ he;1I exposure is of flllldamentalirnportance 
ill d;llll;tg:..' duC' to heal sll·e."lS (~)). ElII:lsion watcnnilloil, ill 
gClleral, Ltlls illto tile same Llllge or tllermal to1er;l1Icc <IS 

!llmt pl:tlltS (:Y). IIo\\'cH"r, the l1Iel;ti)()lic processes of ('\'('\1 

lloll-therlllophiles Clli be stilllulated by e:-:posllre as high ;IS 
[')ti C (I), well ;dH)\(:' the lethal tClllpcr;\tmc lor Eurasiall 
\\':tlcrmil!oil which is stilllllbted 1)\ Yl C fur !)-min ex­
posure. COlllp;uis()\l indicll.es tllat 'the tlterlll;tl re-;i.'itallcc 
of thi.s species is sOllle\\,hat less tllall tltat of Rlu)('() diSCO/OJ 
0:\ leI.) IIallce (Ii) hut ;t\lllost idclItical to that 01 hC;tll 

(P//(IS('O/II'i ·(lII/p,lI)'is I .. ) (I) ;\IId \\'dter\\'ecd (r~l()d{,(1 ((11111-

(/I'II.lil :\ I icllx.) (~)), 

The temperaillre-tilllc exposllre to which Ellr;lsian 
\\';ttnlllilloil wOldd he c'\.\lo"cd if drawll through elcctriril\ 
gCIJ('1atill,!.!, SLlliollS \,·it h (ooling ,,;lIcr is not 'luH!cicl1t «) 
kill Ir;lglllelll'i of Ihi" species. TillIS therc is a possihilit\ 
that (]O\\'IlstrC<llll hodies 01 \\'lIler cuuld hecOIlIc infested 
h) It:tgtllt'1l1S tram)lorled ill the coolillg "(ttCL Then.' (Ire 
;t\so ph)sic:tl i><lITin-. IUl tile !J;tgIllCllh at tile \\':Llvr ill-



take and physical stresses for the fragments to endure 
within the cooling coils. It is not certain that this pathway 
for infestation of downstream sites would be significant 
at a given location. 

LITERATURE CITED 

I. Belehl'adek, J. 19%. Tcmperaturc and Living Malter. Hol'II­
traeger, Herlin. 277 pp. 

2. Devlin, R.M. 19tHj. Plant Physiology. Reinhold Publishing Co., 
N.Y. 5(i4 pp, 

.'{. Evans, L.T. 1963. Extrapolation from controlled environments 

6 
o 
J: 
en 
...... 
C> 
~ 

t­
J: 
~ 
w 
3: 
>­a::: 
o 

60 

50 

40 

30 

20 

10 

SHOOTS 

~~---+-----!--_.... I 
........ 1 

..... 

ROOTSJ', , 

TEMPERATURE WITH 5 MIN 

\ 
\ , 

50 

Figure I. Final weight of apical fragments of Eurasian watenniIroil 
after heat treatment for !i min at various temperatures and subse­
quent growth of heated apices at 20 C with 2700 lux light for 32 
days. Initial shoot weight of fragments was 19.4 ± 3.0 mg/per frag­
!netll. 
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Figure 2. Final weight of apical fragments of Eurasian watennilfoil 
after heat treatment for various lengths of time at 45 C and sub­
~equent growth of heated apices at 20 C with 2700 lux light for 
;>2 clays. Initial shoot weig'ht of fragments was 19.4 ± 3.0 mg/per 
fragment. 


	
	
	


