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ABSTRACT 

A survey to determine the extent of alligatorweed i n  North Carolina 

revealed 1023 ha of aquatic alligatorweed distributed among 32 counties 

and 1042 ha of terrestr ial  a1 1 igatorweed distributed among 9 counties. 

Major problems caused to North Carolina water resources by the weed are 

flooding and impedance t o  navigation. Neither alligatorweed flea 

beetles that  originated from a collection in Southern Argentina, nor al-  

l  igatorweed flea beetles collected from Florida, nor natural ly occurring 

populations of alligatorweed stemborer exerted a useful level of al- 

l  igatorweed suppression i n  North Carol ina. Resul t s  of  herbicide evalua- 

tions for controlling alligatorweed suggested that  a successful al-  

ligatorweed management program can be implemented using glyphosate for 

management in lakes and rivers and imazapyr for non-irrigation 

di tchbanks. Trycl opyr was effective for control 1 i n g  a1 1 i  gatorweed in 

preliminary evaluations and should be useful in the program pending ex- 

pansion of EPA registration t o  aquatic s i t e s  and ditchbanks. 
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CONCLUSIONS AND RECOllk'IENDATIONS 

Termination of alligatorweed management in 1970 has allowed the weed 

t o  increase seven-fold over a 1963 survey in North Carol ina. Locally 

abundant infestations i n  the Lumber, Chowan, and Pasquotank basins 

seriously impact water resources and agricul ture in North Carol i na by 

reducing recreational value, causing flooding, and by invading ter- 

restr ial  habitats i n  cropland. Based on evaluations of  herbicide and 

biological suppressants, the foll owing management of a1 1 igatorweed i s 

recommended: 

1. The North Carolina Department of Natural Resources and Community 

Development, Division of Water Resources, which has recently taken the 

lead role for implementation of aquatic weed control in the s ta te ,  

should expand the Alligatorweed Management Program that was ini t ia ted i n  

1984 and described in th is  report. The program should be expanded t o  

other areas in the s tate  where alligatorweed res t r i c t s  public use of 

water or i s  a potential cause of flooding. The program shoul d a1 so be 

expanded t o  include creek and canal tributaries that are nursery grounds 

for future alligatorweed infestations of the treated areas. Glyphosate, 

a t  recommended rates, should be used for alligatorweed management i n  

1 akes and rivers. Two appl ications will be necessary the f i r s t  year. 

Imazapyr should be used a t  a rate  of 0.06 t o  0.12 kg ae/100L on a spray 

to wet basis for all  igatorweed management on non-irrigation d i  tchbanks. 

W i t h  two consecutive applications, alligatorweed will be essentially 

eliminated from some ditches, and reinfestation can only occur by 

vegetative reintroduction. The in i t ia l  imp1 ementation w i  11 require some 

ef for t  and expense. However, af ter  alligatorweed i s  in i t i a l ly  reduced, 

only maintenance control operations will be necessary, t h a t  will 



require, a t  most, one annual v i s i t  per s i t e  for spot treatments. 

2. The North Carol i na Agricul tural Extension Service shoul d s t r ive  

t o  keep private landowners informed of current management practices for 

alligatorweed. I t  should s t ress  t o  the landowners the importance of 

control 1 ing the weed when identified on their  1 and and avoiding di sper- 

sal on farm equipment such as cultivators, draglines, and backhoes. 

3 .  Efforts should continue to develop the most cost-effective her- 

bicides for alligatorweed management. Particular attention should be 

given to better determine the effectiveness of triclopyr for controlling 

a1 1 igatorweed and the potential for developing EPA registration for 

aquatic s i  tes for t r i  cl opyr and imazapyr . 
4 .  Efforts shoul d be continued to devel op b i  01 ogi cal suppressants 

that are adaptable to North Carolina's climate. 



INTRODUCTION 

A1 1  igatorweed (A1 te rnan thera  ph i1  oxero ides)  i s  a  fast -growing,  

herbaceous, warm season, f acu l  t a t i v e  aqua t i c ,  perenni  a1 p l  ant .  It i s  a  

South American species t h a t  was f i r s t  i d e n t i f i e d  i n  t he  Un i ted  States i n  

1890. By t h e  1960's t he  p l a n t  occupied over 160,000 acres o f  water  i n  

t h e  southeastern Un i ted  States, f rom F l o r i d a  t o  V i r g i n i a  (Gangsted, 

1977), and was recognized as a  ser ious  aquat i c  weed due t o  i t s  a b i l i t y  

t o  form t h i c k  f l o a t i n g  mats o f  vege ta t ion  t h a t  can severe ly  impede 

nav iga t ion ,  reduce water q u a l i t y ,  cause f lood ing ,  and inc rease  sedirnen- 

t a t i o n  r a t e s  i n  water bodies.  

Extens ive e f f o r t s  by t h e  Un i ted  S ta tes  Department o f  A g r i c u l t u r e  

(USDA) and Un i ted  States Army Corps o f  Engineers (USACE) have l e d  t o  

suppression o f  a l l i ga to rweed  i n  i t s  southern range us ing  several  

b i o l o g i c a l  suppressants. These b i o l o g i c a l  agents i n c l  ude a1 1  igatorweed 

t h r i p s  (Amynothrips andersoni  ) , a1 1  igatorweed stemborer (Vog t i a  ma1 1  o i )  

and a1 1  igatorweed f l e a  b e e t l  e  (Agas ic les  hygroph i l  a) .  Attempts t o  es- 

tab1 i sh a1 1  i gatorweed f l e a  b e e t l  es i n  Nor th  Carol i na have been 

unsuccessful  , apparen t l y  due t o  t he  i n s e c t '  s  c o l  d  s e n s i t i v i t y  (USAEC, 

WES 1981). The USDA and Nor th  Caro l ina  Department o f  A g r i c u l t u r e  a re  

c u r r e n t l y  t r y i n g  t o  develop a  c o l  d - t o l e r a n t  a1 1  igatorweed f l e a  b e e t l e  

which may be e f f e c t i v e l y  es tab l i shed  i n  Nor th  Caro l ina ,  b u t  as y e t  t h i s  

has been unsuccessful  (Langel and e t  a1 , 1984). 

Management o f  a1 1  igatorweed w i t h  he rb i c i des  has been d i  f f i c u l  t. A 

l a r g e  number o f  herb ic ides ,  fo rmu la t ions ,  and a p p l i c a t i o n  methods have 

been evaluated, p r i m a r i l y  t h e  phenoxy herb ic ides .  I t  i s  w ide l y  observed 

t h a t  phenoxy he rb i c i des  g i v e  r a p i d  t op  k i l l  o f  a l l i g a t o r w e e d  b u t  f a i l  t o  

t r a n s l o c a t e  t o  t he  v i a b l e  ap i ca l  buds from which regrowth occurs u s u a l l y  



before 5-8 weeks (Zurburg e t  a1 , 1961). This i s  an unusual problem con- 

sidering the mobil i t y  of these material s in many other plants. 

Silvex has been relatively effective for controlling alligatorweed 

in many areas; however, i n  North Carolina those results have not been 

duplicated. In a large extended alligatorweed management program 

carried o u t  in North Carolina and Sou th  Carolina about 3000 herbicide 

treatments were evaluated over a 5-year period. These treatments in- 

cl uded a variety of appl ication methods, carr iers ,  and herbicides. The 

herbicides used included 2,4,5-T, 2,4-D, MCPA, 2(2,4-DP) (dalapon), s i l -  

vex esters and amides, fenac, amitrole and 2,3,6-TBA, TCA, AMS, 

endothall, simazine, neburon, fenuron, monuron, diuron, monuron TCA,  

fenuron TCA and erbon. In addition, treatments included oil/water 

carr iers ,  weighted emulsions of silvex and 2,4-D granular applications, 

overlay treatments and repeated spraying of new growth  w i t h  silvex and 

2,4-D. Results were er ra t ic  over the evaluation period b u t  indicated 

that  effective control occurred only when flooding of the treated areas 

occurred shortly af ter  herbicide treatment. Si 1 vex, the most consi s- 

tently effective materi a1 eval uated, provided 1 ess than 50% control when 

applied as a spray solution. Granular applications of silvex gave ac- 

ceptable control only when the plant was emersed, flowering, and we1 1 

rooted. Excellent control was observed when 2,4-D and fenac were ap- 

plied i n  combination 8-10 weeks before f i r s t  f rost  and flooded w i t h  18- 

36" of water just  a f ter  treatment (Steenis & rlcGilvrey, 1961). 

In Fl orida, 78 herbicides were eval uated for a1 1 i gatorweed control 

under greenhouse conditions. Of these herbicides, 2,4-D ester ,  silvex, 

s i  l vex xyl ene emu1 sion, diquat, i pazin, endothall , paraquat, and an ex- 

perimental dimethyl urea compound were selected for further fie1 d t e s t s  



on the  bas i s  o f  e f f i c a c y .  A f t e r  ex tens ive  f i e l d  t e s t s ,  i t  was concluded 

t h a t  on l y  s i l  vex and s i l  vex x y l  ene emu1 s i on  suppressed a1 1  igatorweed f o r  

up t o  8 weeks. The remain ing t reatments  f a i l e d  t o  suppress a l -  

l i ga to rweed  pas t  6 weeks. A t  8 weeks regrowth was proceeding o r  begin-  

n i n g  f o r  a l l  t reatments  a l though s i l v e x  t reatments  p rov ided  t h e  b e s t  

suppression ( Bl ackburn, 1963). 

Ametryne was evaluated f o r  a l l i ga to rweed  c o n t r o l  i n  bo th  t h e  green- 

house and f i e 1  d. Greenhouse s tud ies  i n d i c a t e d  acceptabl  e  c o n t r o l  a t  8 

weeks. However, f i e l d  t e s t s  i n d i c a t e d  t h a t  3  a p p l i c a t i o n s  o f  ametryne + 

2,4-D over  a  4  month p e r i o d  reduced a l l i g a t o r w e e d  growth o n l y  33% a f t e r  

6 months and was judged i n e f f e c t i v e  (Weldon and Blackburn, 1967). 

I n  South Carol i na severa l  he rb i c i des  have been recognized as i n- 

h i b i t o r s  o f  a l l i ga to rweed  growth when a p p l i c a t i o n s  a re  f o l l owed  by 

f lood ing .  These herb ic ides ,  which i n c l  ude ma1 e i c  hydraz i  de, ami t r o l  e, 

dalapon, erbon, s i l v e x ,  MCPA and 2,4-D acetarnide, have g iven  90-100% 

c o n t r o l  under such f l o o d i n g  cond i t i ons ,  b u t  a re  h i g h l y  i n e f f e c t i v e  i n  

areas n o t  sub jec t  t o  f l o o d i n g  (S teen is  and FlcGilvrey, 1961). 

D i ch l  oben i l  has been evaluated f o r  a1 1 igatorweed c o n t r o l  i n  South 

Carol ina ,  Georgia, F l o r i d a ,  and Louisiana. The t reatments  used i n v o l v e d  

severa l  g ranu la r  appl i c a t i o n s  and f o l  i a r  appl i c a t i o n s  w i t h  and w i t h o u t  

nonphytotox ic  o i l s .  The g ranu la r  a p p l i c a t i o n s  were a p p l i e d  i n  bo th  sum- 

mer and w i n t e r  t ime per iods .  The resu l  t s  o f  t h e  eva lua t i ons  i n d i c a t e  

t h a t  f o l  i a r  appl i c a t i o n s  o f  d i c h l  oben i l  a re  i n e f f e c t i v e  regard1 ess o f  

a d d i t i o n  o r  d e l e t i o n  o f  nonphytotox ic  o i l  s. Granular d i c h l  oben i l  ap- 

p l i e d  i n  summer was i n e f f e c t i v e ;  however, w i n t e r  a p p l i c a t i o n s  were e f -  

f e c t i v e  when t h e  t r e a t e d  area was d ra ined  2 weeks be fo re  t rea tment  and 

a l lowed t o  s tand 10 weeks a f t e r  t rea tment  (Weldon e t  a l ,  1968). 



Data collected from evaluations of 17 herbicide treatments show t h a t  

only silvex + amitrol fo l  i a r  applied l a t e  in the season provided better 

than 50% control 4 months af ter  treatment. All other treatments were 

less  than 30% a t  4 months. Those treatments included granular formula- 

tions of silvex, 2,4-D, fenac, sodium arsenite, and endothall + 2,4,5-T 

and fol i a r  appl ications of paraquat, diquat, s i l  vex, picl oram, ami trol , 

fenac, fenac + diquat, amitrol + diquat, amitrol + picloram, s i l  vex 

PGBEE + ami trol and picl oram + si l  vex PGEE + ami trol (Spencer, 1967). 

Other data from South Carol ina indicate 90% control of te r res t r ia l  

a1 1 i gatorweed one year af ter  treatment with karbuti 1 ate  granul ar her- 

bicide and 90% control of rooted-emersed alligatorweed w i t h  spring ap- 

pl ications of granul ar dichl obeni 1 (81 ackburn Durden, 1974). 

Sil vex has generally been considered the only consistently effective 

herbicide for a1 1 igatorweed control. The USACE Wilmington District  

began an alligatorweed control program in North Carolina i n  1960 using 

silvex as the primary herbicide. In 1970 th is  program was stopped due 

t o  concern over environmental and health impacts of silvex and because 

alligatorweed was no longer occurring a t  problem level sl. In 1979, as a 

resul t of pub1 i c  concern over possi bl e environmental and heal t h  r i  sks ,  

the E P A  ini t ia ted actions to suspend the use of Silvex and i n  1983 

banned al l  uses of the material (Gangstad, 1984). 

During the early 1980' s the North Carol i na Agricul tural Extension 

Service began receiving many requests for information on how t o  control 

- 

l ~ n v i  ronmental 

of 1965). United 

1984. 

assessment, Aquatic Pl ant Control Program (Rett Act 

States Army Corps of Engineers, W i  lmi ngton District. 



alligatorweed and widespread reports of problems caused by the plant in 

drainage canals, lakes, ponds, and rivers. Glyphosate, which had 

recently been registered for aquatic use, was recommended, b u t  many com- 

plaints were received indicating that unsatisfactory control resulted. 

In response to these complaints the North Carolina State University Crop 

Science Department began, in 1983, evaluating newly introduced her- 

bicides for alligatorweed control in order t o  develop better 

recommendations. Since many of the a1 1 igatorweed probl ems originated i n  

publicly owned waters, questions arose over renewal of federal assis- 

tance for alligatorweed management. I t  was therefore decided that  a 

thorough survey should be conducted i n  order t o  document the extent and 

nature of problems that were being caused by alligatorweed. This report 

presents data from three years of testing herbicides for alligatorweed 

control in North Carolina and data from a survey of alligatorweed in 

North Carolina i n  1984, and i t  recommends actions t o  be taken based on 

these data. 



MATERIALS AND METHODS 

A1 1 i gatorweed Survey 

Questionnaires (Appendix) were mailed t o  county extension chairmen, 

d i s t r i c t  fisheries biologists, and soil conservationists representing 

al l  North Carolina counties t o  the east o f  the western boundaries of 

Scotland, Hoke, Harnett, Wake, Durham, and Granville Counties requesting 

information re1 ated to the occurrence, 1 ocation or problems caused by 

a1 1 igatorweed. In general , county extension personnel , fisheries 

biologists, and soil conservationists cooperated so that extension per- 

sonnel and soil conservationi s t s  reported on agricul tural ly re1 ated 

occurrences, and fisheries biologists reported on occurrences in creeks, 

rivers,  lakes, and other public waters. This allowed cooperators to 

report within their own areas of expertise and minimized redundancies. 

Occurrences i n  three counties n o t  included in the survey area were re- 

corded from routine weed identifications and recommendations conducted 

by the project leader. When identification or area estimates were in 

question, sight inspections were made, i f  possible, by the principal 

investigator. Estimable areas of infestation were reported in acres and 

these values were converted t o  metric values and rounded t o  the nearest 

who1 e number. 

Bi 01 ogical Suppressants 

A1 1 igatorweed flea beet1 es that were reared from genetic stock col- 

lected from colder extremes of  the organism's natural range i n  Argentina 

(Buckingham and Boucias, 19821 were obta ined  from the USDA Quarantine 

1 ab in Gai nesvill e ,  Fl ori da. Three hundred adul t insects were re1 eased 



on August 19, 1983 a t  a 0.5 ha pond i n  Salemburg, Nor th  Caro l ina  t h a t  

was 33% covered by a l l i g a t o r w e e d  mats. September 1, 1983 a second 

re l ease  o f  s i x  hundred adul t i n s e c t s  was made a t  t h i s  s i t e  and a re l ease  

was made a t  a 0.25 ha, 100% covered pond i n  Penderl ea (Pender County) , 

North Carol ina.  Nine thousand F l  o r i d a - c o l l  ec ted  a1 1 igatorweed f l e a  

bee t l es  were ob ta ined  from the  Un i ted  S ta tes  Army Corps o f  Engineers, 

J a c k s o n v i l l e  D i s t r i c t ,  on June 7, 1984 and re leased  i n  t h e  T h i r t y - f o o t  

Canal (Washington County, Nor th  Carol i na) . A1 1 re1  eases were conducted 

accord ing t o  Un i ted  S ta tes  Army Engineers Waterways Experiment S t a t i o n  

guide1 i nes  (USAEWES, 1981). A1 l these s i t e s  were moni tored r o u t i n e l y  

f o r  presence o f  t h e  bee t l es  and damage caused t o  t h e  a l l i g a t o r w e e d  

du r i ng  t h e  yea r  o f  re1 ease and t h e  f o l l  owing spr ing .  

Herb ic ide  Eva1 u a t i o n  

F l  o a t i n g  Al 1 igatorweed 

Two and a h a l f  ha o f  a l l i g a t o r w e e d  i n  t he  Scuppernong R i ve r  between 

t he  County Road 1155 b r i d g e  and t h e  Washington/Tyrre l l  County 1 i n e  were 

t r e a t e d  w i t h  a tank mix c o n t a i n i n g  0.60 kg ae g lyphosate per  100L, 0.5% 

non- ion ic  s u r f a c t a n t  and 0.075% poly-acry lamide copolymer on August 6, 

7, and 9, 1984. The f o l i a g e  was sprayed t o  wet us i ng  a handgun w i t h  a 

D-8 nozzle.  Reapp l i ca t ion  was made October 18, 1984. Th is  exe rc i se  was 

conducted t o  demonstrate, on a l a r g e  scale,  t he  e f f e c t i v e n e s s  o f  t h i s  

recommendation f o r  c o n t r o l  1 i n g  f l o a t i n g  mats o f  a l l  igatorweed, and t h e  

f e a s i  b i l  i ty  o f  maintenance c o n t r o l  o f  a1 1 i gatorweed; n o t  f o r  data 

c o l l e c t i o n .  



Rooted A1 1  i gatorweed 

Var ious herb ic ides ,  r a tes ,  and h e r b i c i d e  combinat ions were eva lua ted  

f o r  e f f e c t i v e n e s s  o f  c o n t r o l l i n g  rooted-emersed a l l i g a t o r w e e d  i n  sha l low 

dra inage canal s  l o c a t e d  i n  t h e  Coastal P l a i n  p rov ince  o f  Nor th  Carol  ina .  

A l l  a p p l i c a t i o n s  were made t o  wet f o l  i age  ( o r  u n i f o r m l y  cover t h e  d i t c h  

bank and bottom) by handgun us ing  a  0-8 nozzle.  P l o t  s i zes  were 400 m2 

o r  l a r g e r  so t h a t  ope ra t i ona l  l e v e l  h e r b i c i d e  a p p l i c a t i o n  cou ld  be 

simulated. Treatments were r e p l  i c a t e d  w i t h i n  a  d i t c h ,  and among d i t c h e s  

l o c a t e d  i n  d i f f e r e n t  coun t i es  where poss ib le .  Al though i t  was n o t  a l -  

ways p o s s i b l e  t o  r e p l  i c a t e  t reatments,  due t o  va r i ous  cons t ra i n t s ,  l arge 

p l  o t  s i  ze shoul d  average t h e  eval  u a t i o n  over  most environmental  

v a r i a b i l  i ty. Obvious environmental  d i  f fe rences  among r e p l  i c a t i o n s  a re  

noted i n  t h e  t e x t .  

He rb i c i de  e f f i c a c y  was evaluated s u b j e c t i v e l y  on a  sca le  between 0  

and 100 where 0  represents  t h e  c o n d i t i o n  where a7 1  v i s i b l e  vege ta t i on  

remains l i v i n g  a f t e r  h e r b i c i d e  a p p l i c a t i o n ,  and 100 represents  t h e  con- 

d i  t i o n  where a1 1  v i s i b l e  vege ta t i on  i s  apparen t l y  moribund. 

S t a t i s t i c a l  ana l ys i s  o f  t h e  data i s  purposely  om i t t ed  because some 

t reatments  a re  n o t  r e p l i c a t e d ,  and/or N i s  small f o r  r e p l i c a t e d  

treatments;  and because s t a t i s t i c a l  ana l ys i s  i s  p robab ly  n o t  app rop r i a te  

f o r  s u b j e c t i v e  r a t i n g s .  Rather, a1 1  data a re  repor ted.  Furthermore, 

because any th ing  1  ess than excel  1  e n t  (90-100) 1  ong- term a1 1  igatorweed 

c o n t r o l  i s  unacceptable, s i nce  r a p i d  regrowth and renewal o f  t h e  problem 

w i l l  occur,  de tec t i on  o f  d e l i c a t e  d i f f e r e n c e s  between t reatments  i s  n o t  

necessary. 



RESULTS AND DISCUSSION 

A1 1 i gatorweed Survey 

A1 1 igatorweed i s ,  e s s e n t i a l  ly, con f i ned  t o  t h e  Coastal  Pl a i  n  

p rov ince  i n  Nor th  Caro l ina  b u t  i s  widespread and l o c a l l y  abundant i n  

t h i s  area. Twenty-nine o f  f o r t y - f i v e  Coastal Pl a i n  coun t i es  r e p o r t e d  

a1 1 igatorweed occurrences (F igu re  1 ) .  The on l y  non-Coastal Pl a i  n  occur-  

rences repo r ted  were a small pa tch  i n  one pond and one t e r r e s t r i a l  oc- 

currence ( t h a t  has r e p o r t e d l y  been e l  im ina ted)  i n  S tan ly  County i n  t h e  

Piedmont P la teau prov ince,  and one occurrence i n  Woodlake i n  Moore 

County, an occurrence i n  a  l a k e  i n  Lee County, and i n  one pond i n  Vance 

County. The l a t t e r  two occur i n  t he  S a n d h i l l s  prov ince.  Actua l  area o f  

i n f e s t a t i o n  o f  a l l i g a t o r w e e d  ( o r  o the r  vege ta t i on )  i s  o f t e n  d i f f i c u l t  t o  

determine when i t  occurs. For  ins tance,  p o r t i o n s  o f  an i n f e s t a t i o n  a re  

o f t e n  i naccess ib l e  or ,  i n  t h e  case o f  t e r r e s t r i a l  a1 1 igatorweed i n  New 

Hanover County, i t  i s  widespread throughout  t h e  county  and i n d i v i d u a l  

i nspec t i ons  would n o t  have been f eas ib l e .  I n  such cases we have l i s t e d  

dens i t y  i n  t h e  county as widespread ( W )  o r  sparse (S)  and un-est imable 

(UE). Tota l  areas o f  i n f e s t a t i o n  should, t he re fo re ,  be const rued r e l a -  

t i v e l y  r a t h e r  than abso lu te ly .  Our es t imated  t o t a l s  a re  probably  under- 

est imates because where a l l i g a t o r w e e d  was cons idered un-est imable i t  was 

n o t  i nc l uded  i n  t he  t o t a l  s. 

T e r r e s t r i a l  a l l i g a t o r w e e d  i s  very  sca t t e red  i n  t h e  Coastal  P l a i n  o f  

Nor th  Caro l ina.  It occurs i n  o n l y  seven coun t i es  (Table 1 ) .  However, 

i t  i s  l o c a l l y  abundant i n  those coun t ies  where i t  occurs and we have ob- 

served severe problems caused t o  soybeans and ornamental p l a n t  produc- 

t i o n  caused by heavy i n f e s t a t i o n .  
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F i g u r e  1. North Carolina counties (shaded) that reported alligatorweed (Alternanthera philoxeroides) 

during 1984, 



Tab1 e  1. Summary of a1 1  igatorweed (A1 te rnan thera  ph i1  oxero ides)  

occurrence i n  Nor th  Caro l ina  coun t i es  repo r ted  by county a g r i c u l t u r a l  

ex tens ion  se rv i ce  o f f i c e s ,  s o i l  conse rva t i on i s t s ,  and d i s t r i c t  f i s h e r i e s  

b i o l  o g i  s t s  du r i ng  1984 survey. 

Type o f  Occurrence -- 
Streams 

Drainage Ponds o r  and 

County T e r r e s t r i a l  Canal s  Lakes R i ve rs  

hec ta res  

Beau f o r t  0 0 0 S-UE 

Bl aden 0 34 4 0 

Brunswi ck 0 4 6 127 

Camden 0 0 0 S-UE 

Chowan 

Col umbus 

Cumber1 and 

C u r r i  tuck 

Dare 

Dupl i n  

Edgecornbe 

H e r t f o r d  

Hyde 

Johnston 

0 0 81  S-UE 

810 40 128 119 

0 W-UE 10 0 

0 0 2 0 

0 0 0 S-UE 

0 (1 14 0 

0 16 0 0 

0 0 3 S-UE 



Table 1. Continued 

M a r t i n  

New Hanover 

Northampton 

Onsl ow 

Pasquotank 

Pender 

Perquimans 

P i t t  

Robeson 

Sampson 

S tan ly  

Scot1 and 

T y r r e l  1 

Vance 

Washington 

Wayne 

0 

W-UE 

4 

0 

0 

S-UE 

5 

W-UE 

0 

0 

<1 

0 

162 

0 

62 

0 

0 

W-UE 

0 

0 

W-UE 

0 

6 

W-UE 

23 

0 

W-U 

2 

W-UE 

U-E 

0 

0 

W-UE 

0 

W-UE 

0 

142 

0 

0 

0 

45 

0 

12 

S-UE 

To ta l  1,042 216 362 445 



A total of 362 ha of alligatorweed occurring in ponds and lakes was 

reported in 65% of the counties that  contained the weed. Most of these 

occurrences were in private impoundments, The only reported occurrences 

of alligatorweed i n  public lakes were in Lake Waccamaw and Lake Tabor in 

Columbus County and Greenfield Lake in Wilmington. Small ponds, or 

coves of large 1 akes can become total ly covered by floating al-  

ligatorweed mats. 

Alligatorweed occurs in ten North Carolina coastal rivers, the 

A1 1 igator , Cape Fear, Li t t le  (Pasquotank co., Perquimans Co. ) , Lumber, 

Pam1 ico, Pasquotank, Scuppernong, Tar, and Waccamaw; and a1 ong the shore 

of the Albemarle Sound. I t  i s  not reported t o  cause problems in open 

water o r  wide river reaches, except for occasionally obstructing boat 

s l ips  or boat docks. I t s  major impact i s  exerted i n  the upper narrow 

river reaches, small creeks and bays, and drainage canals where i t  can 

completely stop navigation by forming extensive mats that extend from 

one side of the water body t o  the other. Restricted waterflow can cause 

severe flooding when mats break loose and pile up a t  water-course 

restrictions during heavy precipitation. 

A1 though a1 1 igatorweed i s  widespread throughout the coastal pl ai n 

province, two major locations of heavy infestations occur (Figure 2 ) .  

One o f  these i s  in the Northeast that  includes the Pasquotank, Chowan, 

Roanoke, and Tar-Pam1 ico drainages, from the Pasquotank River t o  

Tranter's Creek. The other i s  in the southeast corner of the s ta te  and 

incl udes the Cape Fear and Lumber drainage basins from the South River 

southwest i n t o  South  Carolina. 

Severe problems have been reported in the northeast location in the 

Scuppernong River and tr ibutar ies  where boat passage has become 





imposs ib le  i n  reaches above Cross Landing. Drag l ines  are o f t e n  neces- 

sary  t o  remove blockages from br idges  c ross ing  t h e  r i v e r  and 

t r i b u t a r i e s .  A1 1  i gatorweed i n d r a i  nage canal s  be1 ow Phel ps Lake t h a t  

d r a i n  i n t o  t h e  Scuppernong R i ve r  and i n  dra inage canals  l o c a t e d  i n  o t h e r  

areas o f  Washington and T y r r e l l  Count ies t o t a l s  84 ha. Th i s  i s  a  sub- 

s t a n t i a l  area cons ide r i ng  t h a t  t h i s  represents  339 km o f  canal s 

(assuming an average canal w i d t h  o f  2.5m) t h a t  can i n d i r e c t l y  a f f e c t  

l a r g e  c rop land  and r e s i d e n t i a l  areas by caus ing f lood ing .  Other major  

a l l i g a t o r w e e d  i n f e s t a t i o n s  assoc ia ted w i t h  t h e  no r theas t  l o c a t i o n  occur 

i n  t he  Pasquotank R iver  and t r i b u t a r i e s ,  L i t t l e  River ,  Symond Creek, 

H a l l ' s  Creek, Mackey's Creek, Canaby Creek, Ahoskie Creek, T r a n t e r ' s  

Creek, and dra inage canal s  i n  Hyde County. 

A l l i ga to rweed  i n f e s t a t i o n s  i n  t he  southeast  l o c a t i o n  a re  assoc ia ted  

ma in ly  w i t h  t h e  Lumber and Waccamaw Rivers.  One hundred and s i x t y  f i v e  

ha of a l l i g a t o r w e e d  were repo r ted  i n  t he  Lumber R i v e r  and t r i b u t a r i e s .  

These i n c l u d e  Back Swamp, L i t t l e  Jacobs Swamp, Jacobs Swamp, B i g  Swamp, 

and 01 d  F i  e l  d  Swamp. One hundred and seventy f i v e  ha o f  a1 1  i gatorweed 

were repo r ted  i n  t he  Waccamaw R iver  and t r i b u t a r i e s  t h a t  i n c l u d e  Gr is -  

s e t t  Swamp, Seven Creeks, CawCaw Swamp, White Marsh, F r y e r  Swamp, Scip- 

p i o  Creek, Wet Ash Swamp, and Bear Branch. On t h e  pe r i phe ry  o f  t h i  s 

l o c i ,  49 ha o f  a l l i ga to rweed  were repo r ted  i n  Ha r r i son  Creek, Turnbu l l  

Creek, L i v i n g s t o n  Creek, Town Creek, Hoods Creek, and Sturgeon Creek 

t h a t  d r a i n  i n t o  t he  Cape Fear River ,  and Lyons Swamp Canal t h a t  d r a i n s  

i n t o  t h e  South River .  

The 1043 ha o f  aqua t i c  a l l i ga to rweed  i n  Nor th  Ca ro l i ne  es t imated  i n  

t h i s  survey i s  i n  c o n t r a s t  t o  153 ha repo r ted  i n  1963 [USACE, 1965). 

Th is  apparent s i x - f o l d  inc rease  i n  a  twelve-year t ime span i s  a  good ex- 



ample of the rate a t  which a noxious aquatic weed can become a major 

water resource problem i f  not managed a t  a maintenance control level. 

Biol ogical Suppressants 

A1 1 i gatorweed Fl ea Beet1 e 

A1 1 igatorweed flea beetles did not resul t in measurable control of al- 

ligatorweed a t  the s i t e s  in Sanpson and Pender counties where poten- 

t ia l  ly  col d- to1 erant insects were re1 eased. Inspections during Septem- 

ber and October 1983 revealed only minor feeding by the insects; and 

several inspections during 1984 revealed no evidence that the insects 

had overwintered. 

Early June i s  the ear l ies t  that alligatorweed flea beetles can be 

expected t o  be available in sufficient quantity for mass release from 

collection areas in Florida. A t  the time of our release on June 7 ,  1984 

the Thi rty-foot Canal was 30% covered w i t h  a1 1 igatorweed. Ideal ly we 

would l ike to be able t o  introduce the insects when the mats are just  

ini t ia t ing from the canal banks so as to prevent growth t o  th i s  level.  

A t  the alligatorweed coverage that was present, our release rate  was ap- 

proximately 10 insects/K2 of vegetation. Since the habitat was rela- 

t ively restricted by canal banks and a culvert a t  the end of the release 

s i t e  we hoped t o  see some reduction of the alligatorweed mats as the 

population increased; and we planned to apply herbicides t o  part of the 

release s i t e  t o  determine i f  the insects could be used along w i t h  her- 

bicides t o  prevent regrowth. However, nature intervened. 

Five weeks af ter  release of alligatorweed flea beetles, heavy 

precipitation occurred that caused alligatorweed mats in the Thirty-foot 



canal t o  break loose. Vegetation piled u p  against the culvert a t  the 

end of the release s i t e ,  and af ter  severe flooding of  adjacent f ields 

occurred, the vegetation was removed by dragline. Several days af ter  

this  occurrence alligatorweed flea beetles were observed feeding on the 

piled up alligatorweed and a residual population was observed feeding on 

the small amount of alligatorweed attached along the canal bank. This 

was an excellent opportunity t o  determine i f  an existing population of 

alligatorweed flea beetles could prevent regrowth of alligatorweed. 

Three weeks af ter  the precipitation occurrence beetle-feeding was s t i l l  

evident b u t  the alligatorweed was reforming a mat outwardly from the 

canal bank. Disappointingly, alligatorweed had regrown to 30-50% 

coverage of the canal water surface by mid-October (f i f teen weeks). 

Based on observations made during th is  project and on previous a t -  

tempts to establish alligatorweed flea beetles i n  North Carolina 

(Langeland e t  a1 , 19831, we do not consider use of these insects as a 

potential a1 1 igatorweed suppressant i n  th is  area unl ess a col d- to1 erant 

strain i s  selected that will overwinter in sufficient populations to 

cause suppression of alligatorweed as i t  emerges i n  spring. And, based 

on the apparent inabili ty of al l  igatorweed flea beetles t o  suppress mat 

expansion in this  study, i t  i s  s t i l l  questionable whether a cold 

tolerant selection will be effective. 

Alligatorweed Stemborer 

Alligatorweed stemborer releases were not made during th is  project, 

however, during the extensive traveling through Coastal Plain areas t o  

eval uate herbicide appl ications, damage from natural ly occurring popul a- 

tions of these insects was noted. Damage from alligatorweed stemborer, 



observed as wil t i n g  apical stem portions, total ly necroticic stems, or 

completely necrotic mats was widespread from m i  d-August through October. 

Many mats that became total ly necrotic began t o  regrow from sprouting or 

axillary buds af ter  the insect population had apparently diminished or 

moved. Mats were sometimes observed t o  continue growth and expansion 

ahead of the damaged area. Unfortunately, damage occurs too l a t e  in the 

year and i s  not complete enough t o  offer alligatorweed control. Even 

the most damaged mats present as great a potential flooding problem and 

navigation impedance as the healthy mat. 

I t  has been suggested (USAE, WES 1373) that mat destruction by in- 

sects l a t e  in the growing season could cause reduced vegetation density 

or elimination the following growing season. This phenomenon was not 

observed. Alligatorweed mats grew back rapidly the following year where 

complete necrosis of the upper mat had been observed the previous year. 

I t  i s  unclear whether alligatorweed stemborers survive winter in 

North Carolina or whether observed populations migrate from more 

southerly locations. Considering the devastating temporary impact that  

stemborers have upon a1 1 i gatorweed growth, early spring feeding may 

cause growth suppression. However, a better understanding of the 

insect 's  popul ation ecology will be necessary t o  determine the 

feasibi l i ty  of i t s  use as a biological suppressant for al l  igatorweed i n  

North Carol i na. 

Herbicide Eva1 uation 

Fl oati ng A1 1 i gatorweed 

Few herbicides are registered by the EPA for application t o  a l -  



1 igatorweed growing in aquatic s i tes .  A 1.25% solution of glyphosate 

w i t h  0.5% non-ionic surfactant i s  recommended for alligatorweed 

management, a1 though repeat treatment will probably be necessary2. To 

demonstrate the effectiveness of th is  appl ication for control 1 ing a1 - 
ligatorweed and, thus, the feasibi l i ty  of implementing a maintenance a l -  

ligatorweed management program, we cooperated with the North Carolina 

Department of Natural Resources and Community Development, Division of 

Water Resources, i n  reducing the alligatorweed infestation i n  the Scup- 

pernong River, between the bridge on county road 1155 and the Washington 

County 1 i ne, t o  a maintenance 1 eve1 . The i ni t i  a1 appl icat i  on of 

glyphosate t o  the 2.5 ha of alligatorweed that  had been rendering the 

river completely non-navigable was reduced by about 90%. By the time of 

the second application ( 9  weeks) regrowth was occurring from some of the 

treated vegetation, whereas some mats had total ly disappeared. Some 

mats apparently break up  sufficiently af ter  glyphosate application t o  

a1 low them t o  be carried away by the river current. Glyphosate was 

reappl ied to sprouting a1 1 igatorweed in previously treated areas, and 

some areas that were inaccessible in October were treated. 

By the spring of 1985, a l l  igatorweed was well under control i n  the 

1984 demonstration area. Only maintenance spot applications were needed 

for alligatorweed mats that had broken loose from oxbows that were inac- 

cessible i n  1984, and for alligatorweed rooted on the bank that was 

beginning to form floating mats. 

2~odeo herbicide for Aquatic Vegetation Management, Technical 

Manual, Monsanto Ag. Prod. Co., S t .  Louis, Missouri 63167. 



The feasibi l i ty  of implementing a maintenance alligatorweed manage- 

ment program was clearly demonstrated. Using matching funds from the 

United States Army Corps of Engineers "Aquatic Plant Control Program 

(Rivers and Harbors Act 1965)" the cost of th is  project to the s ta te  and 

Washington County was only $1190. For th is  e f for t  several miles of 

river channel were reopened t o  public boating access, a serious flood 

potential was removed, and the need for routine draglining a t  river 

bridges was el imi nated. Benefit analysis for th i s  project i s  reported 

i n  footnote 1. 

Synergi sm Between Glyphosate and Fl uri done for Control 1 i ng 

Alligatorweed. Glyphosate and fluridone were applied t o  rooted a l -  

ligatorweed alone and tank-mixed t o  t e s t  for synergism between the two 

herbicides. 

Excellent control (90-100%) was observed two and four weeks af ter  

application (WAA) of glyphosate a t  rates of 0.18 and 0.36 Kg ae/100 L 

(fol iage sprayed to wet) when applied in l a t e  summer (Table 2 ) .  Her- 

bicide damage was observed as total necrosis and death of the upper por- 

tions of the alligatorweed mat. However, sprouting of axillary buds 

from lower i n  the mat or from rhizomes was observed six WAA; and by nine 

WAA control was poor (70%) i n  those plots eval uated (Table 2 ) .  Forty 

eight WAA (spring of the following year) control was nil to f a i r  in a l l  

plots. No control was observed sixty WAA when glyphosate was not reap- 

pl ied the following year. When plots did receive reappl ication of 

glyphosate a t  0.36 Kg ae/100 L i n  midsummer, control was poor sixteen 

WAA and control was nil t o  poor 48 YAA. 

The large number of  axillary buds that produce glyphosate symptom- 

f ree  growth and subsequent regrowth of  the mat i s  surprising considering 



Table 2. E f f i c a c y  o f  g lyphosate and f l u r i d o n e ,  when appl i e d  a lone o r  

toge ther ,  f o r  c o n t r o l  1 i ng a1 1 i gatorweed (A1 te rnan thera  ph i1  oxero i  des) i n  

shal low dra inage canals  i n  Washington and Perquirnans Counties, NC. 

Herb ic ide  &   at el Level o f  c o n t r o l 2  a t  Weeks A f t e r  Date o f  

( k g  a i l 1 0 0  L )  F i r s t  App l i c .  Second App l i c .  App l i c .  

2 4 6 9 48 60 16 48 1 s t  2nd 

Glyphosate (4L)  0.18 90 - - 40 0 0 - - 9/83 -- 
Glyphosate (4L)  0.36 - 99 80 - 0 - 50 50 8/83 7/84 

Glyphosate (4L) 0.18+ 40 - - 100 80 0 - 9/83 - 
F l  u r idone  (4AS) 0.12 

Glyphosate (4L)  0.36+ - 99 98 - 0 - 80 50 8/83 7/84 
F l u r i d o n e ( 4 A S ) 0 . 2 4  - 1 0 0  99 - 0 - 98 50 8/83 7/84 - 100 99 - 60 - 98 50 8/83 7/84 

l~ll tank mixes conta ined 0.50% non- ion ic  su r f ac tan t ,  0.075% 

polyacrylarnide copolymer and were a p p l i e d  t o  wet f o l i a g e  by handgun w i t h  

a D-8 nozzle. 

20 = a l l  vege ta t ion  l i v i n g ,  100 = a l l  vege ta t i on  moribund. 



the translocation of glyphosate in many other plants (Sprangle e t  a1 , 

1975; Claus and Behrens, 1976). Glyphosate i s  apparently n o t  translo- 

cated t o  the quiescent buds, and/or metabolized at/or before i t  reaches 

the axil 1 ary buds i n  a1 1 igatorweed. We observed that  in i t ia l  response 

of alligatorweed t o  glyphosate and other herbicides i s  leaf abscission 

and nodal abscission. Therefore, we speculate that much of the 

glyphosate i s  los t  i n  th is  manner before i t  can be translocated t o  plant 

parts that are underwater, underground, or otherwise protected from the 

herbicide spray. 

A1 1 igatorweed responded inconsistently to f l  uri done appl ied i n  1 a te  

summer a t  a rate of 0.24 kg ai/100 L (foliage sprayed to wet). Poor 

control was observed four WAA in plots where alligatorweed was growing 

i n  damp soil (Table 2 ,  plots treated 8/83) (drainage had been diverted 

t o  another canal due to blockages caused by a1 1 igatorweed) . Six WAA 

most leaves had abscised, stems were inconsistently chlorotic, and many 

ini t iat ing buds were chl orotic and aborti ng. However, vi gorously grow- 

ing buds without symptoms were also beginning t o  appear, and control was 

poor. Fl uridone did not control al l  igatorweed i n  these plots forty- 

eight WAA. Reappl ication of f l  uridone t o  one of these pl ots  resul ted 

again i n  only poor control the year of application (Table 2 ) .  Fifty 

percent suppression was observed throughout the following year i n  th is  

plot w i t h  some f l  uridone symptoms s t i l l  apparent. Appl ication of 

fluridone (0.24 kg ai/100 L )  t o  alligatorweed growing in a ditch con- 

taining some s ta t i c  water and super-saturated soil resulted in excellent 

control throughout the growing season (Table 2 ,  plot treated 9/83),  b u t  

no residual control was observed the following year. 

The in i t i a l  response of a l l  igatorweed growing in damp soil (Table 2 ,  



treated 8/83) to application of  a t a n k  mix of  0.36 kg  ae glyphosate and 

0.24 kg ai fluridone/100 L was similar to that  of glyphosate alone. Ex- 

cellent control was observed four WAA. Axillary buds that sprouted 

af ter  th is  appl ication exhibited fl  uridone symptoms and aborted shortly 

af ter  ini t ia t ion.  This effect on sprouting axillary buds resulted i n  

excellent control in al l  damp soil plots six WAA. This was somewhat 

better than the good t o  excellent control observed w i t h  glyphosate alone 

and considerably better than the poor control observed with fluridone 

alone. Nil to poor control of al l  igatorweed was observed forty-eight 

WAA in these plots, which i s  similar t o  the response observed with 

glyphosate or fluridone alone. Re-application of the tank mix to these 

plots the following year resulted in good t o  excel lent  control for most 

of the growing season compared to poor control a f ter  reappl ication of 

the compounds by themselves; 50% suppression was evident consistently 

the following year. 

Appl ication of glyphosate and fl  uridone tank-mixed a t  rates of 0.18 

kg ae + 0.12 kg ai/100 L, or 0.36 kg ae + 0.24 kg ai/l00 L t o  al-  

ligatorweed growing in ditches containing some s ta t i c  water and super- 

saturated soil resulted i n  excellent control (Table 2 ,  plots treated 

9/83) for the nine weeks remaining in the growing season the year of 

application. This response i s  again considerably better than that ob- 

served w i t h  glyphosate alone b u t  similar t o  the response of fluridone 

alone in a s t a t i c  water/supersaturated situation. The apparent in- 

creased activity of fluridone alone or tank-mixed w i t h  glyphosate in the 

wetter soil suggests that fluridone uptake i s  facil i tated by this  

condition, and the efficacy of fl  uridone for control 1 i n g  rooted al- 

l igatorweed i s  sensitive t o  soil moisture. Good control was evident 



f o r t y - e i g h t  WAA o f  bo th  r a t e s  o f  tank-mixed g lyphosate and f l u r i d o n e  i n  

t he  super-saturated p l o t s  (Table 2, p l o t s  t r e a t e d  9/83). However, con- 

t r o l  d i d  n o t  p e r s i s t  through t h e  f o l l  owing growing season. 

E f f e c t  o f  Glyphosate Concentrat ion on Level  o f  A1 1  i gatorweed Cont ro l  . 
A1 though a  g r e a t  deal o f  v a r i a b i  1  i ty was observed w i t h i n  t h e  two r a t e s  

o f  glyphosate t h a t  were r e p l i c a t e d ,  a  t r e n d  toward increased a l -  

l i ga to rweed  c o n t r o l  was observed as t he  concen t ra t i on  o f  glyphosate was 

increased between 0.24 and 0.96 kg ae/100 L  (Tab1 e  3 )  where appl i e d  i n  

June. Poor c o n t r o l  was observed i n  t he  u n r e p l i c a t e d  p l o t  where t h e  

lowes t  r a t e  was appl ied.  Poor t o  e x c e l l e n t  c o n t r o l  was i n i t i a l  l y  ob- 

served w i t h  0.36 kg ae/100 L, b u t  c o n t r o l  was poor e i g h t  WAA and l o s t  by 

e igh teen  WAA i n  a l l  p l o t s .  L ikewise, c o n t r o l  was i n i t i a l l y  e x c e l l e n t  i n  

an un rep l i ca ted  p l o t  where 0.48 k g  ae/100L was app l ied ,  b u t  c o n t r o l  was 

poor by e i g h t  WAA and n i l  18 WAA. A t  0.60 kg ae/100 L, t he  recommended 

r a t e  f o r  a1 1  igatorweed c o n t r o l  , i n i t i a l  c o n t r o l  was a1 so poor t o  

exce l l en t ,  was s t i l l  poor t o  e x c e l l e n t  e i g h t  WAA and was n i l  t o  poor by 

e ighteen WAA. A t  0.96 kg ae/100 L, somewhat h i ghe r  than t he  l a b e l  r a t e ,  

e x c e l l e n t  c o n t r o l  was observed through e i g h t  WAA i n  an u n r e p l i c a t e d  

p l o t .  However, even a t  t h i s  r a t e ,  c o n t r o l  was poor e igh teen  WAA. 

The somewhat reduced c o n t r o l  observed w i t h  0.36 kg ae/100 L, and 

w i t h  0.60 kg ae/100 L  a p p l i e d  i n  June, as compared t o  0.36 k g  ae/100 L 

appl i e d  i n  August and September ( c f .  Table 2  and Table 3 ) ,  may be r e -  

l a t e d  t o  t he  phys io l og i ca l  age o f  t he  a l l  igatorweed, which a l lowed f o r  

even l e s s  t r a n s l o c a t i o n  o f  t he  compound. The developmental stage o f  t h e  

p l a n t s  may have caused t h i s  reduced c o n t r o l  because l a r g e  numbers o f  

dormant buds had n o t  i n i t i a t e d  and were p ro tec ted  from t h e  h e r b i c i d e  

spray. 



Table 3. E f f i c a c y  o f  va r i ous  r a t e s  o f  glyphosate f o r  c o n t r o l l i n g  

a1 1  i gatorweed (A1 te rnan thera  p h i  1  oxe ro i  des) i n  s h a l l  ow drainage canal s  

l o c a t e d  i n  Washington and T y r r e l l  Counties, NC, when a p p l i e d  i n  June, 

1984 o r  r e a p p l i e d  i n  October, 1984. 

  at el 
(Kg - ae/100 L )  

- -- -- - -p - - -- 

Level o f  c o n t r o l Z  Level  o f  c o n t r o l 2  

a t  a t  

Weeks A f t e r  Neeks A f t e r  

F i r s t  Appl i c a t i o n  Second Appl i c a t i o n  

2 8 18 4  32 40 

l~ll tank mixes con ta ined  0.50% non- ion ic  su r f ac tan t ,  0.075% 

p o l y a c r y l  amide copolymer and were appl i e d  t o  wet f o l  i age  by handgun w i t h  

a  D-8 nozzle.  

2~ = a l l  vege ta t ion  a l i v e ,  100 = a l l  vege ta t i on  moribund. 



E f f i c a c y  o f  2,4-D and Dicamba f o r  Cont ro l1  i n g  A l l  igatorweed. Appl i c a -  

t i o n  o f  2,4-D, dicamba, and a  formulated combinat ion o f  these h e r b i c i d e s  

a t  recommended r a t e s  f o r  perenn ia l  b road lea f  weed c o n t r o l  r e s u l t e d  i n  

good t o  e x c e l l e n t  i n i t i a l  c o n t r o l  w i t h  2,4-D and e x c e l l e n t  i n i t i a l  con- 

t r o l  w i t h  dicamba o r  t h e  formulated combinat ion (Tab le  4 ) ,  when a p p l i e d  

i n  spr ing,  t h e  t ime when these compounds should be most e f f e c t i v e .  

A f t e r  t h e  i n i t i a l  damage from t h e  he rb i c i des  (observed as t o t a l  dest ruc-  

t i o n  o f  t h e  upper p o r t i o n s  o f  t h e  mat),  sp rou t i ng  o f  a x i l l a r y  buds f rom 

lower  p o r t i o n s  o f  t he  mat and fragmented vege ta t ion  began and regrowth 

was rap id ,  r e s u l t i n g  i n  poor  c o n t r o l  e i g h t  WAA and no c o n t r o l  e igh teen  

WAA. As suggested f o r  glyphosate,  r a p i d  w i l t i n g  and l e a f  and nodal 

absc iss ion  a re  probably  respons ib le  f o r  t he  apparent 1  ack o f  t rans1  oca- 

t i o n  and poor c o n t r o l  a t  t h e  r a t e s  o f  these compounds t h a t  were used 

and, which a re  e f f e c t i v e  f o r  c o n t r o l l i n g  many o t h e r  b road lea f  p l a n t s .  

E f f i c a c y  o f  Imazapyr f o r  C o n t r o l l i n g  A l l i ga to rweed.  Damage t o  a l -  

l i ga to rweed  appeared s l ow l y  a f t e r  a p p l i c a t i o n  o f  0.03, 0.06, o r  0.12 k g  

ae imazapyr/100 L. Symptoms were f i r s t  observed as e t i o l a t i o n  o f  t h e  

a p i c a l  bud and ap i ca l  growth f o l l owed  by a b o r t i o n  o f  ap i ca l  buds. These 

symptoms were subsequently ( f o u r  weeks) observed on a x i l l a r y  growth. 

Symptoms appeared somewhat more r a p i d l y  w i t h  i nc reas ing  concent ra t ion ,  

b u t  c o n t r o l  was slow t o  occur i n  a l l  cases. Two WAA, no c o n t r o l  was ob- 

served a t  t h e  lowes t  r a t e ,  n i l  t o  poor c o n t r o l  a t  t h e  middle r a t e ,  and 



Table 4. Eff icacy of 2,4-D and dicanba f o r  c o n t r o l l i n g  a l l iga torweed  

(A1 te rnanthera  phi1 oxeroides)  i n  a sha l l  ow drainage canal 1 ocated i n  

Ty r r e l l  County, NC, when appl ied  in  June, 1984. 

Herbici  de 

Level of con t ro l2  

~ a t d  a t  

(Kg ae/100 L )  Weeks Af t e r  Appl i c a t i o n  - - -- 
2 8 18 

2,4-D (dimethyl amine) 0.46 80 50 0 

2,4-D (dodecyl ami ne (47.3%) 0.32 85 50 0 

Di camba ( dimethyl ami ne) 

Dicamba ( dimethyl ami ne + 

2.4-D ( dimethyl amine) 

l ~ l l  tank mixes contained 0.50% non-ionic s u r f a c t r a n t ,  0.075% 

polyacryl amide copolymer and were appl i ed  t o  wet fo l  i age by handgun w i t h  

a D-8 nozzle. 

20 = a l l  vege ta t ive  a l i v e ,  100 = a l l  vege ta t ion  moribund. 



Tab1 e  5. E f f i cacy  o f  imazapyr f o r  c o n t r o l  1  i n g  a1 1  igatorweed 

(A1 te rnan thera  ph i  1  oxero i  des) i n  s h a l l  ow d r a i  nage canal s 1  ocated i n 

Washington, T y r r e l l ,  and Perquimans Counties, NC. 

Level o f  c o n t r o l 2  Level o f  Cont ro lZ  

a t  a t  

  at el Weeks A f t e r  Weeks A f t e r  

(Kg - ae/100 L )  F i r s t  A p p l i c a t i o n  - -  Second A p p l i c a t i o n  Appl ic.Date 

2  8  18 38 60 - - - -  - - - 16 48 1 s t  - 2nd - 

50 100 99 -- -- -- - 6/84 

l~ll tank mixes con ta ined  0 -50% non- ion ic  su r f ac tan t ,  0.075% 

po l yac ry l  amide copolymer, and were appl i e d  t o  wet f o l  i age  by handgun 

w i t h  a  D-8 nozzle.  

'0 = a l l  vege ta t ion  l i v i n g ,  100 = a l l  vege ta t i on  moribund. 



o n l y  poor t o  good c o n t r o l  a t  t he  h i ghes t  r a t e  (Table 5 ) .  The slow r a t e  

a t  which damage occurred t o  a l l i ga to rweed  a f t e r  a p p l i c a t i o n  o f  imazapyr 

may have a l lowed f o r  good t r a n s l o c a t i o n  o f  t he  he rb i c i de ,  t o  which a l -  

l igatorweed i s  apparen t l y  h i g h l y  sens i t i ve .  E i g h t  WAA o f  imazapyr, ex- 

c e l l e n t  t o  t o t a l  c o n t r o l  o f  a1 1 igatorweed was observed i n  a l l  p l o t s ,  and 

e ighteen WAA, e x c e l l e n t  t o  almost t o t a l  c o n t r o l  was s t i l l  observed i n  

a1 1 p l o t s  evaluated. L i v i n g  a l l  igatorweed i n  t h e  p l o t s  was apparen t l y  

encroaching from areas o f  t h e  d i tchbank t h a t  had been missed by t h e  he r -  

b i c i d e  spray, and n o t  f rom regrowth of  t he  a f f e c t e d  a l l i ga to rweed.  Im- 

azapyr gave season-long c o n t r o l  o f  a l l i ga to rweed  a f t e r  s p r i n g  o r  summer 

a p p l i c a t i o n  o f  a l l  r a t e s  tested.  I n  s p r i n g  o f  t h e  f o l l o w i n g  yea r  (49 

WAA) , excel  1  e n t  c o n t r o l  was s t i  11 observed i n  those p l o t s  eva lua ted  

(some p l o t s  were n o t  eva lua ted  f u r t h e r  due t o  f l u s h i n g  and movement o f  

a l l  igatorweed mats i n  t h e  d i t c h e s  a f t e r  h i g h  water cond i t i ons )  where t h e  

two h ighe r  r a t e s  had been app l ied ,  b u t  c o n t r o l  was now poor a t  t h e  

l owes t  r a te .  As was observed t h e  p rev ious  year ,  l i v i n g  a l l i g a t o r w e e d  i n  

p l o t s  where t h e  h i ghe r  r a t e s  were a p p l i e d  was apparen t l y  a  r e s u l t  o f  n o t  

r e c e i v i n g  h e r b i c i d e  spray. However, a t  t h e  l owes t  concen t ra t ion ,  

regrowth was o c c u r r i n g  throughout  t h e  p l o t .  To ta l  regrowth occur red  

s i x t y  WAA o f  t h i s  l owes t  r a te .  Re-appl i c a t i o n  o f  e i t h e r  o f  t h e  two 

h ighe r  r a t e s  t o  t he  small amount o f  vege ta t i on  remain ing i n  t he  p l o t s  

r esu l  t e d  i n  apparent complete e l  i m i n a t i o n  o f  a1 1 igatorweed from the  

p l  o ts .  

A concern when us ing  a h i g h l y  phy toac t i ve  compound such as imazapyr 

f o r  aqua t i c  weed c o n t r o l  i s  movement o f  t h e  compound i n  water t o  non- 

t a r g e t  areas. It i s  t h e r e f o r e  impor tan t  t h a t  imazapyr symptoms were n o t  

observed ou t s i de  t he  appl i c a t i o n  area. A d i s t i n c t  demarcation o f  1  i v i n g  



and moribund vegetation occurred a t  the edge of al l  plots. Imazapyr was 

apparently intercepted in sufficient quantity by the target vegetation 

and not released in active form, o r  rendered inactive af ter  contact w i t h  

water or soil in the ditch. 

Preliminary Unreplicated Evaluations of Other Herbicides for Controlling 

Alligatorweed. Complete control of alligatorweed was observed w i t h  

tryclopyr a t  a rate of 0.36 kg  ae/100 L six and twelve UAA (Table 5 ) .  

Translocation of the herbicide apparently occurred throughout the mat, 

because axillary bud sprouting was never observed and living rhizomes 

could not be found in the plot. Tryclopyr i s  n o t  presently registered 

for aquatic weed control, b u t  th is  1 abel ing may be forthcoming. 

Tryclopyr may offer the most economical control for rooted alligatorweed 

and shoul d be investigated further. Sul fmeturon methyl and metsul furon 

methyl are closely related compounds that  gave f a i r  to good, and good t o  

excel 1 ent control , respectively, when appl ied a t  various rates (Tab1 e 

6 ) .  Therefore, these two compounds offer some potential for use in an 

a1 1 igatorweed control program, b u t  further investigations shoul d only be 

pursued i f  the manufacturer indicates the potential for obtaining an E P A  

regi stration for aquatic weed control . Hexazi none, diuron, fenatrol , 

and bromacil are compounds that are, a t  leas t ,  predominantly soil 

active. Therefore, even though good to excellent control was observed 

with these compounds (Table 61, they will have only limited application 

in an a1 1 i gatorweed control program. A1 1 i gatorweed did n o t  exhi bi t sen- 

s i t i v i t y  t o  amitrole. 



Table 6. E f f i c a c y  o f  severa l  he rb i c i des  f o r  c o n t r o l  o f  a l l  igatorweed 

(A1 te rnan thera  ph i l oxe ro ides )  i n  shal ow dra inage canal s  l o c a t e d  i n  

Washington County, NC. 

Herb ic ide  &   at el Appl i c a t i o n  Level o f  Cont ro l2  a t  

(a i /100  L )  Date Weeks A f t e r  Appl i c a t i o n  -- 
6 12 48 60 

D i  uron 3.84 kg  

Fenat ro l  3.90 

Ami t r o l  e  1.44 

Bromacil 0.96 

Hexazi none 0.96 

T r i c l  opyr 0.36 

Sul fmeturon methyl 33.75 g  

67.50 

Metsul f u ron  methyl 1.13 

2.26 

4.52 

A1 1  tank mixes con ta ined  0.50% non- ion ic  s u r f a c t a n t  0.075% 

po l yac ry l  ami de copolymer, and were appl i ed by handgun t o  u n i  fo rmly  cover 

t he  canal bottom and bank. 

20 = a l l  vege ta t i on  1  i v i n g ,  100 = a l l  vege ta t i on  moribund. 
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Crop Science Specialist - Keed Conrrol 
Box 7627 
Faieigh, NC 21695-1621 

TO: County Extensfan C k a i n e n ,  25st-< - ~ c t  F i s h e r i e s  3 io iog i s ; s ,  S o i l  Cozs r r . - a t i cn  
Agents , 

Ke are con<uctiag a s u n e y  t o  d e t s r - i n e  the c o r a l  a c r e a g e ,  and e x t e z t  o f  ? r o b l m s  
caused 5y  a l l i g a t c r ~ e e d  ( X t e r r . a z = h e r s  s h i l c x e r o i d e s )  (somet iaes  caLled - . h 7  z~~,erw'eed 
i n  Ezstern Korch C a r o l k a ) .  Ue hope t h a t  you can assist us i n  t h i s  s f f o r t .  

Alligatorveed is a n  a q u a t i c  p l a n t  t h a t  was int ro6uced into t h e  C n i t e d  S t a t e s  f-33 
South . b e r i c a  ia rhe  1990's. It 5as caused s e v e r e  flooding, l o s s  o f  r e c r e a t i o r . z l  
value of i;arer r e s o u r c e s ,  znd r e d u c t i o n  ia crop pielcis i n  several c o a s c a l  Xorzh 
C a r o l i n a  c o u n t i s s .  Fe b e l i r v e  that a statewide alligatorveed managment p r o g r a ,  
i m o l v i n g  s e v e r a l  agencies could c o r r e c t  c u r r e n t  probler?s caused by a l l i g a t c r r ~ e e d  
and ?=event  p o t e n t i a l  p r s b l e m s .  Prerequisite t o  o r g a n i z i n g  such a program is 
d o c r ~ e m a t i c n  of the e x t e n t  of the prablern. 

Atzached ysu w i l l  f i n d  a d e s c r f ~ t i o n  and s k e t c h  o f  a l l fpa ro r~eed  snc? a form ::la: 
w e  zusc c m p l e c e  far each  county .  If you c a n  c m p l e r e  :he t a b l e  without ou r  
assistance, p i e a s e  cmpi+ce  and return CO:  

K. A.  Laqeland 
NCSU Weed Science  Center 
3123 Ligon Street 
R z l s i g h ,  NC 27607 
Phone: 919 /737-2866  

.%ps locating i n f e s t a t i o n s ,  doc;lsenrs;ion of f l o o d i n g ,  h i s t o r i c 2 1  n o t c s ,  cr any 
o t h e r  info-:ion relacing t o  a l l i j a t o r ; ~ e e d  in your c o u a q  or area w i l l  be he l? fz l .  
If you vauld l i k e  a s s i s z z n c e  in i d e n t i f y i n g  a l l i g a t o r i e e d  o r  in c o n d u c ~ i a g  tie survey, 
p l e a s e  ~ ~ i l t a c t  .e so t h a t  we can assist you. This request is be tng  s a t  ro  Cacniy 
ExZezsian C h i n e n ,  District Fisheries B i o l o g i s t s ,  and S o i l  ConsenTz:ion S t r r i c e  
Agents ,  s o  ?lease c o o r d i z a t e  v i z h  these pecple  t o  ?revext d u p l i c a t i o n .  

?lease ;=for- xe a s  i O  hov you f a t e n d  t o  particilzte, o r  i f  you cmnot  a s s i s c ,  by 
Se;:+-ber 1, 1984 .  l o u r  c o o p e r a t i c n  w i l l  b e  g r e a t l y  appreciated.  

- ~ . ~ m : i w  E x ~ I N ~ ~  W O ~ R  in A p l r d r u e  and Home Economics A6T and C .  State Uniniiersiries, 100 Counties and L. S. D e ~ a n m e n t  o f i - & ~ ! t ~ r i  



AGRICULTURAL 
EXTENSION ,\rorth Carolina State University 
SERVICE School of Agriculture and Life Sciences 

K. A. Langeland 
Crop Science Specialist - Weed Control 
Box 7627 
Raleigh, XC 276957627 
Phone - 919/737-2866 

ALLIGATORWEED is an herbaceous plant that form 

Alligatorweed 
(Alternantbera philoxeroides) 

from E. 0. Beal, 1977 

dense floating mats on the water surface, can 

root into the substrate in shallow ditches and 

lake margins, and can invade moist soils. 

Leaves are elliptic to oblanceolate 

(broadest above the middle), entire (smooth 

edges without teeth) and opposite. Stems are 

usually laying on the water surface or ground 

and only weakly erect toward the ends. Roots 

often develop at the nodes (where leaf and 

stem join). Stems can be up to one inch thick 

in floating mats, but tend to be narrower 

when rooted. The stems are always hollow which 

distinguishes alligatorneed from similar plants 

such as smartweed (Polyganum spp.). Flowers 

are white and occur in round clusters at the 

end of spikes that arise from the upper leaf 

axils. 

Maj or identifying characteristics 

I. Opposite entire leaves 

2. Hollow stems 

3. 'White flowers 
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