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ABSTRACT 

Diquat,  endo tha l l  , f l  ur idone, fenac, and d i c h l o b e n i l  were evaluated t o  

d e t e r m i n e  t h e i r  e f f e c t i v e n e s s  f o r  c o n t r o l  1  i ng a  monoecious s t r a i n  o f  

h y d r i l l  a  ( H y d r i l l  a  v e r t i c i l l  a t a )  i n  Nor th  Carol i n a  1  akes. D iqua t  and en- 

d o t h a l l  were e f f e c t i v e  f o r  c o n t r o l l i n g  h y d r i l l a  when s u f f i c i e n t l y  l a r g e  

areas were t rea ted ,  b u t  more than one annual a p p l i c a t i o n  may be necessary 

t o  m a i n t a i n  c o n t r o l  . G r a n u l a r  e n d o t h a l l  gave e f f e c t i v e  c o n t r o l  o f  

h y d r i l l a  i n  an impoundment w i t h  a  h i g h  r a t e  o f  water exchange. Appl ica-  

t i o n  o f  f 1  ur idone r e s u l t e d  i n  year - long  h y d r i l  l a  c o n t r o l  b u t  c o n t r o l  d i d  

n o t  p e r s i s t  i n t o  t h e  f o l l o w i n g  growing season. Fenac was d i f f i c u l t  t o  

app ly  and r e s u l t e d  i n  o n l y  marg ina l l y  e f f e c t i v e  c o n t r o l .  H y d r i l l a  was n o t  

c o n t r o l l e d  by d i c h l o b e n i l  . A management p l  an i s  p r e s e n t e d  t h a t  i n c o r -  

p o r a t e s  t h e  use o f  d i  qua t ,  endo tha l l  , f l  ur idone, and s t e r i l e  grass carp  

f o r  b i  01 og i  c a l  c o n t r o l  . 
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SUMMARY AND RECOb#IENDATIONS 

Grass carp were evaluated for hydril l a  management i n  small ponds in 

North Carolina i n  a previous study (Hodson e t  a l .  1984). Based on these 

r e s u l t s ,  we recommend use of t h i s  biological control practice i n  small 

ponds that qua1 ify for permitting by the North Carol ina Wil dl i fe Resources 

Commi ssion. Data are insufficient on which t o  base recommendations for  

stocking grass carp i n  1 arge,  mu1 t i  pl e-use reservoi r s  where the f i sh 

popul ation cannot be total ly manipulated. Ster i le  grass carp were stocked 

i n  Lake Wheeler i n  October 1985 t o  evaluate their  effectiveness for con- 

t rol l ing hydrilla and t o  monitor effects on sportfish populations. 

D i  quat ,  endothall , and f l  uridone (pending EPA registration) shoul d be 

incorporated into a management program for hydril 1 a in North Carol ina 

reservoirs. These herbicides can al l  be effective for managing monoecious 

hydrilla b u t  will have somewhat different use pat terns.  Fluridone will 

give season-long control where relatively large area applications can be 

made and where water exchange i s  not excessive. Diquat or endothall 

shoul d be appl ied in early t o  mid-June, before hydrilla reaches problem 

1 eve1 s. This spring application may result  in season-long control, b u t  a 

second application should be made i n  mid-August i f  regrowth i s  apparent. 

Granular endothall should be used i n  lakes such as Reedy Creek that have 

re1 atively h i g h  f l  ushing rates. 

Human health safety for using these herbicides in North Carol ina waters 

was evaluated i n  an earl i e r  report (Langel and and DeFlont 1984, manuscript 

in review), and i t  was concluded that a large margin of safety exists when 

use i s  according t o  EPA label instructions. However, these compounds can 

be hazardous in concentrated form and al l  precautions, such as wearing 

safety clothing, must be followed t o  protect the applicator's safety. 

Environmental safe ty  of using these herbicides has previously been 



r ev i ewed  ( S h i  reman and Hal l e r  1979). I n d i r e c t  impacts t o  t h e  immediate 

t rea tment  area may occur as a  r e s u l t  o f  t e m p o r a r i l y  r emov ing  t h e  macro- 

phyte community, b u t  d i r e c t  e f f e c t s  t o  non- ta rge t  organisms a re  temporary 

o r  n e g l i g i b l e .  The a p p l i c a t o r  must, however, be c o g n i z a n t  o f  p o t e n t i a l  

i m p a c t s  on t h e  env i r onmen t .  Fo r  example: c a u t i o n  should be exe rc i sed  

when app l y i ng  d i qua t  t o  enclosed areas because a  f i s h  k i l l  may occur due 

t o  oxygen d e p l e t i o n  when t h e  macrophyte and phytop lankton communities a r e  

bo th  t empora r i l y  removed. 

Continued research  s h o u l d  be conduc ted  t o  d e t e r m i n e  t h e  e f f e c t s  o f  

repea t  h e r b i c i d e  appl i c a t i o n s  on h y d r i l l  a  popu la t ions  i n  f o l l  owing years.  

The use o f  s low-release f o rmu la t i ons  o f  h e r b i c i d e s  s h o u l d  be e v a l u a t e d  

f u r t h e r  f o r  h y d r i l l a  c o n t r o l  i n  impoundments w i t h  h i g h  f l u s h i n g  r a t e s  and 

f o r  s m a l l  a r e a  and f r i n g e  a p p l i c a t i o n s .  D i c h l o b e n i l  s h o u l d  a l s o  be 

evaluated f u r t h e r  f o r  these purposes. 

v i i  



INTRODUCTION 

Surface waters are managed for several different intended uses, incl ud- 

i n g  recrea t ion ,  navigation, i r r i g a t i o n ,  f1 ood prevention, and potable 

water. A1 1 of  these water uses can be severely impacted by the prol i f i c  

growth of aquatic plants. Introduction of exotic plant species which have 

aggressive growth habits, nutrient enrichment of surface waters, and i n- 

creasing water use demands have resulted i n  extensive aquatic weed manage- 

ment programs throughout the world. 

North Carol ina ' s  thousands of  acres of r e s e r v o i r s  which provide  

recreation, water supply, flood protection, and hydropower; natural rivers 

which serve for recreation and commercial navigation; coastal drainage 

canals tha t  provide drainage and  protect  agricultural and residential 

areas from flooding; and an excess of 63,000 small impoundments that  are 

v i ta l  for i r r i g a t i o n  of agr icul tura l  land are threatened by a host o f  

aquatic weeds. Hydrilla [Hydrilla ver t ic i l la ta ,  (L.f.) Royle], an exotic 

aquatic plant that was recently introduced into North Carolina, i s  causing 

severe problems in lakes and ponds and represents an even greater threat 

for the future. 

Hydrilla i s  a submersed aquatic plant that probably originated i n  Asia 

(Cook and Luond, 1982). Unique and highly special ized physiological and  

biological adaptations allow hydrilla t o  invade a wide variety of aquatic 

habitats and competitively excl ude native and more beneficial aquatic 

plants (Haller and S u t t o n  1975; Van e t  a1. 1978). Because of the growth 

habit and prol i f i c  reproductive capabil i t i e s  of hydril l a ,  i t  causes 

detrimental impacts on sport fish populations (Colle and Shireman 1980) 

and  severely 1 imits recreational, domestic, industrial ,  a n d  agricul tural  

water use (Shireman and Haller 1982). Expensive measures t o  manage the 

plant are therefore necessary. For example, $12 mill ion t o  $20 mil 1 ion i s  



spent annua l l y  i n  the  s t a t e  o f  F l o r i d a  on aquat i c  weed c o n t r o l  ; and t h e  

m a j o r i t y  o f  t h i s  expendi ture i s  f o r  h y d r i l l a  c o n t r o l  (R i l ey ,  F l o r i d a  DNR, 

personal communication) . 
The f i r s t  d iscovery  o f  h y d r i l l a  i n  t he  Un i ted  S ta tes  was two small i n -  

f e s t a t i o n s  a t  separate l o c a t i o n s  i n  F l o r i d a  i n  1959. By t h e  l a t e  1960s 

h y d r i l l a  was c a u s i n g  seve re  p rob lems i n  m a j o r  w a t e r  b o d i e s  o f  e v e r y  

watershed throughout  F l  o r i  dam H y d r i l  l a  i s  c u r r e n t l y  d i  s t r i  bu ted ,  and 

caus ing ser ious  problems, throughout  t he  southeastern Un i ted  S ta tes  as f a r  

n o r t h  as Delaware and as f a r  west as t h e  Imper ia l  Val l e y  Drainage D i s t r i c t  

o f  Cal i f o r n i  a  (Hal 1 er 1982). 

H y d r i l  l a  was f i r s t  d iscovered i n  Nor th  Carol  i n a  i n  1979. A 1980 survey 

conducted by t h e  Nor th  C a r o l  i na Depar tment  o f  A g r i c u l  t u r e  r e v e a l e d  13 

h y d r i l l a  i n f e s t a t i o n s  i n  t h e  R a l e i g h ,  N.C. area, a l l  w i t h i n  t he  Neuse 

R iver  drainage basin.  Two newly  c o n s t r u c t e d  r e s e r v o i r s ,  F a l l s  o f  t h e  

Neuse and B. E v e r e t t  Jordan, are i n  c l ose  p r o x i m i t y  t o  these i n f e s t a t i o n s .  

The p o t e n t i a l  f o r  d i spe rsa l  o f  h y d r i l l  a  i n t o  these r e s e r v o i r s  i s  o f  g r e a t  

c o n c e r n  because o v e r  h a l f  o f  t h i s  27,000 acre combined sur face  area i s  

p o t e n t i a l l y  c o l  o n i z a b l e  by submerged macrophy tes .  H y d r i l  l a  has sub- 

s e q u e n t l y  been i d e n t i f i e d  i n  o t h e r  d r a i n a g e  b a s i n s  and appears t o  be 

spreading r a p i d l y  i n  t h e  s ta te .  Soon a f t e r  t h e  i n i t i a l  d iscovery  i t  was 

i d e n t i f i e d  i n  Hyco Reservo i r  i n  t h e  Roanoke R i ve r  drainage bas in ,  and i n  

1985 i t  was i d e n t i f i e d  i n  Lake Gaston, a 8,219 ha impoundment o f  t h e  

Roanoke River .  A  324 ha i n f e s t a t i o n  i n  Woodlake i n  Moore County extends 

h y d r i l l a ' s  range i n t o  t h e  Cape Fear basin,  and farm ponds i n  no r t he rn  Ran- 

do lph County extend i t  t o  t h e  Yadkin-Pee Dee bas in .  

Most o f  the  research on h y d r i l l a  c o n t r o l  p r e s e n t l y  be ing  done i n  t h i s  

coun t ry  cen te rs  around b i o l o g i c a l ,  chemical, o r  phys ica l  c o n t r o l  methods, 

o r  some combinat ion o f  these methods. 



Biological control methods generally focus on the use of  herbivorous 

f i sh  such as grass carp (Ctenophayngodon i d e l l a ) .  Grass carp was 

introduced into the U.S. in 1963 ( B i t t i n g  1974) and  i s  reported t o  exist  

in 35 s tates  (Guillory and Gasaway 1978). The herbivorous habits of the 

species (Avaul t 1965; S t o t t  1967; Prowse 1971; Michewicz e t  a1 . 1971; Bar- 

dach e t  al .  1973) and i t s  effectiveness in controlling hydrilla and other 

aquatic macrophytes ( S u t t o n  1974; Kilgen 1978; Lembi e t  a1 . 1978; Lewi s 

1978; M i  tzner 1978; Bailey 1978; Col l e  e t  a l .  1980) has been reported 

previously. The effect of grass carp on native species has been studied 

in several cases (Ware and Gasaway 1977; Colle and Shireman 1980; Forester 

and Avault 1978; Baur e t  a1 . 1979; Forester and Lawrence 1978; Bailey 

19781, and reported resu l t s  range from no e f f e c t  t o  beneficial or 

detrimental. 

Because of concern over the environmental impact of a breeding popula- 

tion of grass carp, attempts have been made toward developing a s t e r i l e  

f i  sh with simi 1 ar  herbivorous characteri s t ics .  Hybridization between her- 

bivorous f i sh  and other Cyprinids has been attempted since 1964. The 

f i r s t  hybrid carp (Ctenopharyngodon Idel 1 a q x Hypophthalmichthys nobil i s  - -  
e) were spawned i n  the United States by Malone (Lynch, 1979). A1 though - 
the development of this  fish caused a great deal of i n i t i a l  excitement, 

consistent  hydr i l la  control has not been achieved (Shireman, 1984, per- 

sonal communication). Surgical s te r i l  ization of grass carp i s  currently 

being tested. This procedure i s  time consuming, however, and gonad01 re- 

generation usual ly  occurs w i t h i n  12 months. The most recent and promising 

development has been production of a s t e r i l e  triploid grass carp. Trial s 

with this fish indicate that i t  i s  e f fec t ive  for  control1 ing hydril l a .  

Refinement of  the technique for producing this  fish i s  necessary, however, 

because complete s t e r i l i t y  o f  eggs cannot yet be achieved (Allen 1983). 



E x t e n s i v e  r e s e a r c h  has been conduc ted  i n  t h e  p a s t  t en  years  by t h e  

Un i ted  States Army Corps o f  Engineers t o  develop technology f o r  mechanical 

ha rves t i ng  and removal o f  h y d r i l l  a  and o t h e r  aqua t i c  weeds. Th is  research 

has gene ra l l y  revea led  t h a t  harves te rs  cannot be adapted t o  use i n  a  l a r g e  

number o f  water bodies ( i . e .  t o  operate where o b s t r u c t i o n s  such as stumps 

and p i e r s  occur) ,  c a n n o t  keep pace w i t h  t h e  r a p i d  g r o w t h  r a t e  o f  t h e  

p l an t s ,  and does n o t  y i e l d  c o s t  e f f e c t i v e  aqua t i c  weed c o n t r o l .  

La rge -  s c a l  e  1  ake  drawdown has been i n v e s t i g a t e d  f o r  h y d r i  11 a  c o n t r o l  . 
Temporary c o n t r o l  has been achieved where s o i l s  a re  porous enough t o  a l l o w  

dess i ca t i on  o f  vege ta t i ve  propagul es, however; dess i ca t i on  does n o t  occur 

i n  o rgan ic  o r  c l a y  s o i l s .  Rapid r e c o l o n i z a t i o n  occu rs  f r om a reas  where 

c o n t r o l  was n o t  achieved ( H a l l e r  1984, personal communication). 

Most aqua t i c  weed c o n t r o l  i s  accompl i shed  by t he  use o f  herb ic ides .  A1 - 
though hundreds o f  chemical s  have been e v a l  u a t e d  f o r  h y d r i  11  a  c o n t r o l  , 

o n l y  d iqua t ,  endo tha l l ,  d i c h l o b e n i l  , fenac (drawdown o n l y ) ,  and f l  u r idone  

(exper imenta l  use pe rm i t  on l y )  a re  e f f e c t i v e  and a t  t he  same t ime meet t h e  

s t r i c t  t o x i c 0 1  o g i c a l  and e n v i r o n m e n t a l  p e r s i s t e n c e  c r i t e r i a  t o  b e  

r e g i s t e r e d  by EPA f o r  aqua t i c  weed c o n t r o l .  Water use r e s t r i c t i o n s  f o l -  

l ow ing  h e r b i c i d e  a p p l i c a t i o n  f u r t h e r  1  i m i t  t h e  cho ice  o f  h e r b i c i d e  f o r  a  

p a r t i c u l  a r  s i t e .  

D iqua t  i s  a  w ide l y  used aquat i c  herb ic ide .  It r a p i d l y  k i l l s  h y d r i l l a  on 

c o n t a c t  a t  a  t r e a t m e n t  r a t e  o f  2 ppm, b u t  r a p i d  r e g r o w t h  can o c c u r .  

D iqua t  i s  n o t  p e r s i s t e n t  i n  the  water column. I n  F l o r i d a ,  d i q u a t  res idues 

were shown t o  be non-ex is ten t  14 days a f t e r  t rea tment  w i t h  .5 ppm d i q u a t  

( I l cKenz i  e  1969) .  Compl e t e  d e g r a d a t i o n  i n 8-11 days has been observed 

a f t e r  t rea tment  w i t h  1.0 ppm d iquat .  Disappearance o f  d i q u a t  f rom water 

has been a t t r i b u t e d  t o  absorp t ion  by suspended so l  i d s  and hyd roso i l ,  and 

by breakdown by u l t r a v i o l e t  1  i g h t  (Simsiman e t  a1 . 1 9 7 6 ) .  Diquat  p e r s i s t s  



i n  t he  hyd roso i l ,  where i t  i s  complete ly  i n a c t i v e ,  f o r  s i x  months t o  one 

year  (Newbold 1975). Based upon pers is tence  and t o x i c i t y  data t he re  a re  

no r e s t r i c t i o n s  on use o f  water f o r  swimming o r  f i s h i n g  a f t e r  a p p l i c a t i o n  

o f  d iquat ,  b u t  water may n o t  be used f o r  consumptive uses (i .e., i r r i g a -  

t i o n  o r  consumption by 1  i ves tock  o r  humans) u n t i l  14 days a f t e r  t reatment .  

Endothal l  i s  a l s o  a  w ide l y  used a q u a t i c  h e r b i c i d e  t h a t  i s  e f f e c t i v e  

aga ins t  h y d r i l l a .  It i s  s o l d  as t he  d ipotass ium s a l t  and as t he  d imethy l -  

a1 kylamine s a l t .  The d ipotass ium s a l t  i s  r e l a t i v e l y  non- tox ic  t o  f i s h  and 

i s  more w ide l y  used f o r  aqua t i c  weed c o n t r o l .  Concentrat ion o f  endo tha l l  

( 2  ppm) was reduced by 50% i n  w a t e r  f o u r  days a f t e r  t r e a t m e n t  and was 

n o n - d e t e c t a b l e  a f t e r  36 days ( S i k k a  and Rice 1973). A f t e r  44 days en- 

d o t h a l l  was non-detectabl  e  i n  t h e  hyd roso i l .  Endothal l  has a  1  ow t o x i c i t y  

t o  mammals and i s  n o t  bioaccumulated by f i s h .  Swimming i s  t h e r e f o r e  a l -  

lowed i n  endothal l - t r e a t e d  water 24 hours a f t e r  t reatment ,  and f i s h  taken 

from the  water 3 days a f t e r  t rea tment  may be eaten. Water cannot be used 

f o r  i r r i g a t i o n ,  a g r i c u l t u r a l  sprays, o r  consumpti  on u n t i  1  14 days a f t e r  

t reatment  when the  a p p l i c a t i o n  r a t e  i s  between 0.35 and 3.0 ppm. 

D ich l  oben i l  has been recommended f o r  h y d r i l l  a  c o n t r o l  . However, be- 

cause a  90-day w a i t i n g  p e r i o d  i s  r e q u i r e d  be fo re  us ing  t he  water i t  i s  n o t  

w ide ly  used. 

Fenac i s  a broad-spectrum aquat i c  h e r b i c i d e  t h a t  i s  r e g i s t e r e d  on l y  f o r  

a p p l i c a t i o n  t o  l a k e  bottoms a f t e r  t he  water has been removed. Fenac i s  

r e l a t i v e l y  p e r s i s t e n t  i n  t h e  environment, b u t  i t  has low t o x i c i t y  t o  mam- 

mals and aquat i c  organisms and does n o t  bioaccumulate (S ikka e t  a l .  1982). 

Because o f  t he  c o n s t r a i n t  o f  hav ing t o  draw a  water body down t o  use fenac 

and because o f  t h e  d i f f i c u l t y  o f  a p p l i c a t i o n  (a lmost  e x c l u s i v e l y  by a i r  i n  

l a r g e  water bodies) ,  fenac i s  n o t  w ide l y  used f o r  aqua t i c  weed c o n t r o l .  

F l u r i done  i s  a  new aquat i c  h e r b i c i d e  wh ich  may r e s u l t  i n  l o n g e r  term 



h y d r i l l a  c o n t r o l  r e l a t i v e  t o  d i q u a t  o r  endo tha l l  (IlcCowen e t  a l .  1979; 

Grant e t  a1 . 1979; Parka e t  a1 . 1978). F l  ur idone i s  re1 a t i v e l y  non- tox ic  

t o  mammals and aquat i c  organisms, does n o t  bioaccumulate i n  f i s h ,  and does 

n o t  pose an e n v i r o n m e n t a l  t h r e a t  a t  recommended t r e a t m e n t  r a t e s 1 .  

F l u r i done  i s  n o t  h i g h l y  p e r s i s t e n t  i n  t h e  aquat i c  environment. I n  Ind iana  

ponds, t h e  ha1 f 1  i f e  o f  f l  u r idone  i n  water was 2 1  and 26 days f o r  su r face  

and bottom app l i ca t i ons ,  r e s p e c t i v e l y  (West and Parka 1981). Only 4% o f  

t he  i n i t i a l  f 1  u r idone  concen t ra t i on  remained a f t e r  21 days. F l  u r idone  was 

non-detectabl  e  i n  t he  hydrosoi  1  a f t e r  56 days. Regi s t r a t i o n  o f  f l  u r i  done 

f o r  aqua t i c  weed c o n t r o l  by t h e  EPA i s  c u r r e n t l y  pending. 

It was learned  i n  1983 t h a t  t he  h y d r i l l a  popu la t ions  i n  Nor th  Ca ro l i na  

r e p r e s e n t e d  a  d i f f e r e n t  s t r a i n  t han  t hose  f o u n d  p r e v i  o u s l y  i n  t h e  

s o u t h e a s t e r n  Un i  t e d  S t a t e s .  I n  N o r t h  Carol i n a  a  monoecious s t r a i n  oc- 

c u r r e d  compared t o  a  p i s t i l  1  a t e ,  d i o e c i o u s  s t r a i n  p r e v i o u s l y  known 

(Langeland and Sch i l  l e r  1983). Subsequent s tud ies  have i n d i c a t e d  t h a t  t h e  

monoecious h y d r i l l  a  s t r a i n  has va r i ous  growth c h a r a c t e r i s t i c s  t h a t  d i f f e r  

from the  d ioec ious s t r a i n 2  and t h a t  i t  produces seed (Langeland and Smith 

1984). Because s ta te -o f - t he -a r t  method01 ogy f o r  h y d r i  11 a  management has 

been developed f o r  t he  d ioec ious  s t r a i n  i n  more southern s ta tes ,  i t  i s  es- 

s e n t i a l  t h a t  t hese  be e v a l  u a t e d  f o r  e f f e c t i v e n e s s  on t h e  monoecious 

h y d r i l l a  s t r a i n  i n  t h e  more temperate c l imates .  

A p r o j e c t  was begun i n  1983 t o  study t he  phenology o f  h y d r i l l a  i n  Nor th  

C a r o l  i n a  l a k e s  and t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  l a k e  drawdown, 

b i o l o g i c a l  c o n t r o l ,  and he rb i c i des  f o r  h y d r i l l a  management (Hodson e t  a l .  

l ~ o n a r  Technical  Manual . 1981. E l  anco Products Co. 

2 ~ n n u a l  Report - 1984, Aquat ic Weed Control  I n v e s t i g a t i o n s ,  Ag r i cu l  t u r d  

Research Service, U.S. Department o f  A g r i c u l t u r e ,  Davis, C a l i f o r n i a .  



1984). Results of herbicide evaluations in t h i s  i n i t i a l  study were vari- 

able b u t  offered preliminary data for  implementation of larger scale  

hydril 1 a management eval uations. Thi s report presents the resul t s  of ex- 

panded eval uations of herbicides for  management of the monoecious s t ra in  

of h y d r i l l a  i n  North Carolina lakes  and o f f e r s  recommendations f o r  

hydri 11 a management based on these f i  ndi  ngs. 

MATERIALS AND METHODS 

Various herbicides and formul ations were appl ied to  establ i shed popul a- 

t ions of a monoecious s t ra in  of hydrilla in several North Carolina lakes 

during 1983-85 (Table 1) .  A1 1 1 i q u i d  formulations were tank-mixed w i t h  

0.3% polyacrylamide copolymer. Liquid f l  ur i  done was sur face  appl i e d ,  

whereas 1 i q u i  d endothall was injected with three-foot drop hoses. Fenac 

was applied to exposed lake bottom a f t e r  drawdown by handgun and pickup 

truck mounted sprayer in 1983 and by helicopter-mounted boom in 1984. 

Granul a r  and pel l e t e d  formul a t i o n s  were appl i ed  using a cen t r i fuga l  

spreader. 

Recording fathometers (Aqua Meter 394, w i t h  a 9' transducer or Lawrence 

X-15A, w i t h  a 15' transducer) were used to  measure hydri 1 l a  control  by 

calculating reduction in cross-sectional area ( R C A )  of the tracings tha t  

were occupied by h y d r i l l a  images b e f o r e  and a f t e r  a p p l i c a t i o n  of the 

herb ic i  des. Several fathometer t ransec  t s  traversed each treated area 

(Appendix 1 ) .  In Woodlake, control was a l so  evaluated as reduction in 

frequency of hydri 7 1 a occurrence. A grapple was randomly 1 owered along 

transects to measure the presence or absence of vegetation. 

RESULTS AND DISCUSSION 

Basin morphometry caused great di f f  icul ty i n applying fenac. Drawdown 

o f  Sycamore Lake was begun on September 4 ,  1983 t o  give the  c lay  

hydrosoil, which tends to hold moisture, ample time to  dry. However, be- 



Table  1. Herb ic ides  e v a l u a t e d  f o r  c o n t r o l l i n g  a monoecious s t r a i n  of 

h y d r i l l a  i n  North C a r o l i n a  l a k e s .  

Date P l o t  

Ra te  Spray of S i z e  

H e r b i c i d e  (kg a i / h a )  Volume (L) Appl (ha)  Loca t ion  

Diquat  (2L) 

E n d o t h a l l  (3L) 

E n d o t h a l l  (3L) 

E n d o t h a l l  (10.1G) 

E n d o t h a l l  (10.1G) 

F l u r i d o n e  (4AS) 

F l u r i d o n e  (5SRP) 

F l u r i d o n e  (5P) 

F lu r idone  (4AS) 

Fenac (1.5L) 

Fenac (1.5L) 

D i c h l o b e n i l  (10G) 

D i c h l o b e n i l  (10G) 

2.4 Reedy Creek Lake 

2.4 11 

5.7' Big Lake 

20.2 Woodlake 

4 . 2  Sycamore Lake 

0 .8  Dunaway's Pond 

'~11 l i q u i d  f o r m u l a t i o n s  were tank-mixed w i t h  0.3% polyacrylamide copolymer. 
3 

' ~ p p l i e d  as two s u c c e s s i v e  2.85 ha  a p p l i c a t i o n s  7 days  a p a r t .  



cause o f  the large drainage area t o  lake vol ume, the lake ref i l led several 

times af ter  the in i t ia l  drawdown when rainfall occurred. Fenac was ap- 

p l  i ed in December when the hydrosoi 1 had final ly become dry enough and was 

not frozen. Fenac appears t o  have resul ted i n  good hydr i l la  cont ro l .  

Complete control was observed in the deeper water of  the p lo t s ,  b u t  

regrowth occurred a1 ong the shall ow edges. We i n i  t i  a1 1y attributed t h i  s 

t o  poor coverage along the edges or t o  the herbicide washing down the 

slope before i t  was incorporated. However, nature intervened i n  1984 w i t h  

heavy ra ins  in the spring t o  make evaluation of  fenac plots diff icul t .  

High turbidity caused by erosion of  clay soil s into the lake caused a very 

shal l  ow euphotic zone and thermocl ine that caused a large reduction in 

hydrill a coverage throughout the 1 ake (Pesacreta 1986). Transects over 

untreated portions of the lake b o t t o m  had similar tracing patterns as 

treated plots (Table 2 ) .  

Sycamore Lake was drawn down again in September 1984, and fenac was ap- 

pl ied t o  the entire lake bottom by he1 icopter in November. Hydrilla den- 

s i ty  was reduced on most transects a t  peak biomass (September) i n  1985 

(Table 2 ) .  Heavy precipitation did not occur in Spring 1985 as in 1984, 

and the maximum depth t o  which hydrilla occurred ( 2 . 2  m) was similar to 

1983 (2.4 m ) .  Therefore, the observed reductions i n  hydrilla density were 

probably a result  of herbicide application. Hydrilla control was f a i r  t o  

good i n  the more open areas o f  the 1 ake as observed in t ransects  3 - 6 .  

These areas probably received the best  coverage of the herbicide. I n  

comparison, poor control was observed on transects 1, 2 and 7 where most 

of the hydrilla on the transects i s  close t o  shore or in protected areas 

that could not be reached w i t h  the he1 icopter. Likewise, aerial observa- 

tion (data n o t  included) revealed poor control under a transmission 1 ine 

that traverses the lake, indicating lack of herbicide coverage. Fenac may 



Table 2. Reduction of hydrilla (Hydrilla verticillata) density (cross 

sectional area of recording fathometer tracing occupied by hydrilla 

images) in Sycamore Lake (North Carolina) in 1984 and 1985, as compared 

to 1983, after applications of fenac. 

Reduction of Hydrilla 

Density (%) 

- - - - - - - - 

1984 1985 Transect 

56 (untreated) 9 1 

62 22 2 

83 57 3 

86 63 4 

80 (untreated) 76 5 

55 (untreated) 64 6 

68 (untreated) 2 7 



have u t i l i ty  for hydrilla control in North Carolina where application t o  

exposed bottoms i s  more easily accompl ished. However, because o f  the d i  f -  

f icul ty of applying the herbicide foll owi ng reservoi r drawdown, the di f -  

ficul t y  of reaching many areas of 1 akes where shore1 ines are heavily 

forested, and the uncertainty of application w i t h  respect to atmospheric 

conditions, fenac will have only 1 imited use for hydril l a  management i n  

North Carol i na. 

I n  a previous repor t  we observed ni l  t o  poor control of monoecious 

hydrilla with diquat (Hodson e t  al .  1983). I t  was suggested that  th is  was 

a resul t of small p lo t  s i z e ,  method of application, and/or date of  ap- 

pl ication rather than to1 erance by hydrill a. Excel 1 ent control of monoe- 

cious hydr i l la  in t h i s  study supports t h i s  idea and demonstrates that 

diquat should be included i n  a hydr i l la  management program in North 

Carolina. Three weeks af ter  herbicide application ( W A H A ) ,  82, 86, 91 and 

92% RCA was observed on four transects. A1 though additional data were not 

col l  ec ted ,  v i  sual observations revealed that hydrilla d i d  n o t  return t o  

problem levels i n  1984. Hydrill a did regrow t o  problem level s i n  1985. 

This i s  expected because diquat i s  a non-persistent, contact herbicide 

that  does not affect  hybernacul a (tubers and turions) . Annual or twice-a- 

year applications of diquat will be necessary for maintenance control o f  

monoecious hydrill a i n  North Carol ina unless repeat appl ications i n  con- 

secutive years reduce hybernacul a. 

Control of monoecious hydrill a w i t h  endothall was highly variable, rang- 

i ng from poor t o  excel 1 ent duri ng our 1983 study (Hodson e t  a1 . 1984) . 
Poor control was t h o u g h t  t o  be related t o  those fac to r s  described above 

for diquat, especially dilution of  herbicide in small plots where fringe 

areas were treated adjacent t o  deep water. Therefore, i n  1984 three-foot 

drop hoses were used a long with tank mixing a s ink ing  a g e n t  



(polyacrylamide copolymer) t o  facil  i  t a t e  pl acement o f  the herbicide i n  

proximity t o  the weeds, and granular endothall was used for f r inge  

appl ications. 

Application of endothall with drop hoses in June 1984 did not improve 

performance of the herbicide over June 1983 treatments. However, poor 

control w i t h  endothall a f te r  the June 1984 appl ication can be expl ained by 

a c h a r a c t e r i s t i c  of Piedmont lakes that causes d i f f icul t ies  i n  aquatic 

weed control. These impounded streams often have very h i g h  drainage basin 

t o  volume ratios that allow for high flushing rates (Pesacreta 1986). Un- 

der normal flow conditions, the water in Reedy Creek Lake has a  residence 

time of 11.2 days. Following treatment, a  rainfall of approximately 3 

inches occurred which undoubtedly caused severe dil u t i o n  and fl  ushing of 

the herbicide. Fai r  control was observed af ter  appl i  cation of endothall 

w i t h  drop hoses in August 1984 (Table 3 ) .  

Based on fathometer tracings, granular endothall gave f a i r  levels of 

control with fringe applications in 1984 and good longevity. Both 

transects showed greater t h a n  50% control 1 2  weeks after application 

without retreatment. This i s  fa i r ly  good considering the fringe nature of 

the plots and rain t h a t  occurred after application. I n  addition t o  

f athometer tracings, d i  rect v i  sual observation of areas treated with 

granular endothall were made. Large areas devoid of hydrilla could be 

observed, indicating very good control. 

Granular endothall was appl ied t o  Reedy Creek Lake in 1985 t o  facil i t a t e  

placement of the herbicide where sufficient herbicide coul d be absorbed by 

the vegetation before i t  was diluted or flushed o u t  of the lake. Excel- 

lent control was observed four and six UAHA and regrowth was s t i l l  below 

pre-treatment density twelve WAHA (Table 4 ) .  A second application in mid- 

August  would probably have resulted in control f o r  the remainder o f  the 



Table  3. Reduction of H y d r i l l a  ( H y d r i l l a  v e r t i c i l l a t a )  d e n s i t y  ( c r o s s -  

s e c t i o n a l  a r e a  of r e c o r d i n g  fa thomete r  t r a c i n g  occupied by h y d r i l l a  images) 

i n  Reedy Creek Lake (North C a r o l i n a )  a f t e r  a p p l i c a t i o n  of  e n d o t h a l l .  

-- - 

Reduct ion of H y d r i l l a  Dens i ty  ( 7 : )  

Formulat ion A p p l i c a t i o n  Weeks A f t e r  A p p l i c a t i o n  

2 3 4 6  12 

5 5 0 

44 44 12  

56 6 1  53 

67 

70 

7 7  

49 

17 

' f r inge  a p p l i c a t i o n s  



Table  4 .  H y d r i l l a  d e n s i t y  (2 c r o s s  s e c t i o n a l  a r e a  of record ing  fa thomete r  

t r a c i n g s  occupied by h y d r i l l a  images) i n  Big Lake (North C a r o l i n a )  b e f o r e  

(8/83) and a f t e r  a p p l i c a t i o n  of f l u r i d o n e .  

Date of Dens i ty  

Formulat ion A p p l i c a t i o n  Date: 8 / 8 3  9 / 8 4  5 / 8 5  6 / 8 5  9 / 8 5  

5 SRP 



Table 5.  Frequency of occurence (sample s i z e  = 16) of s e v e r a l  submersed 

aqua t i c  macrophytes i n  Woodlake (North Carol ina)  a f t e r  a p p l i c a t i o n  of 

f l u r i d o n e  (4AS) on May 30, 1985. 

Common Name Frequency of Occurence (%) 

(Genus spec i e s )  Date: 6/3/85 6/26/85 7/30/85 8130185 10/17/85 

Hydr i l l a  63 86 67 0 0 

(Hydr i l l a  v e r t i c i l l a t a )  

Slender  n i ad  

(Na j as minor) 

Bladderwort 

( U t r i c u l a r i a  3. ) 

S tonewort 

( N i t e l l a  z.) 



growing season and, perhaps, would have reduced d e n s i t y  i n  1986. A dec i -  

s i on  was made n o t  t o  t r e a t  f o r  p r a c t i c a l  and economic reasons because park 

a c t i v i t y  was e s s e n t i a l l y  compl e t e  f o r  t h e  y e a r .  Two app l  i c a t i o n s  and 

e v a l  u a t i o n  o f  e f f e c t s  i n  t h e  f o l l o w i n g  y e a r  should be planned f o r  t h e  

f u tu re .  

A p p l i c a t i o n  of f l u r i d o n e  4AS t o  5.7 ha i n  t h e  upper end o f  B i g  Lake i n  

September 1983 and f l  ur idone 5P and 5SRP t o  t he  f r i n g e  i n  t h e  1  ower end o f  

t h e  l a k e  i n  May 1984 r e s u l t e d  i n  complete h y d r i l l  a  c o n t r o l  throughout  t h e  

1984 g row ing  season ( T a b l e  4 ) .  It was hoped t h a t  c o n t r o l  would be ob- 

served a t  l e a s t  through 1985 because l onge r  term c o n t r o l  w i t h  f l  u r i  done 

had been p r e v i o u s l y  sugges ted  ( McGowen e t  a1 . 1979 Grant e t  a1 . 1979) . 
However, h y d r i l  l a  growth began norma l l y  i n  t he  s p r i n g  o f  1985 and reached, 

a t  l e a s t ,  as g r e a t  a  d e n s i t y  t owa rd  t h e  end o f  t h e  growing season as 

be fo re  t reatment  i n  1983 (Tab1 e  4 ) .  

Appl i c a t i o n  o f  f l  u r idone  4AS t o  20.6 ha o f  h y d r i l l a  i n  Woodlake i n  May 

1985 r e s u l t e d  i n  comp le te  c o n t r o l  t h r o u g h o u t  t h e  1985 growing season 

(Table 5 ) .  

I n  c o n t r a s t  t o  t h e  h y d r i l l  a  monocul t u r e s  p resen t  ( a t  1  eas t  almost t o t a l  l y  

dominated) i n  a l l  o t h e r  l a k e s  i n  t h i s  study, Woodlake o f f e r e d  t h e  oppor- 

t u n i t y  t o  observe t h e  e f f e c t s  o f  f l u r i d o n e  on o t h e r  submersed macrophytes 

i n  a  mixed community. I n  Woodlake, f l u r i d o n e  r e s u l t e d  i n  complete c o n t r o l  

o f  s lender  na iad (Najas mi nor )  and b l  adderwort  ( U t r i c u l  a r i a  sp.) , whereas -- - 
stonewort  ( N i t e l l a  sp.), a  macrophyt ic algae, was n o t  a f f e c t e d  (Table 5 ) .  - 
S i m i l a r l y ,  muskgrass (Chara sp.) was n o t  a f f e c t e d  by  f 1  u r i  done app l  i ca- -- 
t i o n s  i n  B i g  Lake. T h i s  s p e c i f i c i t y  a g a i n s t  h i ghe r  p l a n t  l i f e  may be  

e c o l o g i c a l l y  i m p o r t a n t  where m a c r o p h y t i c  a l gae ,  t h a t  do n o t  cause a s  

s e r i o u s  a  wate r -use  prob lem, can be m a i n t a i n e d  f o r  h a b i t a t  o r  b o t t o m  

s t a b i l i z a t i o n .  S i m i l a r  ma in tenance  o f  m a c r o p h y t i c  a1 gae woul d  r e s u l  t 



af ter  application of the dipotassium s a l t  of  endothall b u t  diquat or the 

amine formulation of  endothall are a1 so effective against a1 gae. 

Dichlobenil could be a useful herbicide t o  use for hydrilla i f  i t  was 

shown t o  be e f fec t ive  for  control 1 ing monoecious hydrill a because i t  i s  

soil active and should be useful for small area control around beaches and 

docks where la rge  area vegetation control in the lake i s  not desirable. 

We d i d  n o t  observe any suppression of hydrill a growth af ter  preemergence 

application of dichlobenil. Therefore, further testing will be necessary 

w i t h  this  herbicide. 
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Appendix 1. Location of transects in North Carolina lakes where a record- 

ing fathometer was used to  measure the efficacy of various herbicides for  

hydrill a (Hydrill a ver t ic i l  l a t a )  control. Location of transect numbers on 

each map indicates s ta r t ing  position for each fathometer run. 
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