flea beetles and moths will have daniaged most of e
leaves and stems. Damage by insects will be more pre-
dominant near the mat perimeter.

Angusi—INTEGRATED=The effect ol insect feeding

on regrowth from previously wrcated mats will be severe,
Plant height will vary because some alligatorweed stems
will have shriveled aud died.
Seplember—BIOLOGLCATL~Fall peak ol insect acrivity
will have reduced surface vegetation. hiteruvodes will be
void of leaves and dead. Plants of current seasons growth
which lave been pressed below the water line will not he
atfected by insect damage.
September—INTEGRATED—Regrowth will be reduced
back to the water line by msects. "T'he internodes below the
water will be yellow and Drittle hecanse they will represent
growth produced the previous scason. Floating mats will
be thin due to the combined pressines of cheuical appli-
cation and insect feeding damage.
October — BIOLOGICAL — Regrowth  from  attacked
plants will be spavse. Insect populations will have de-
creased because the adults have lelt in seach of alligator-
weed with less damage. Insects that have remained will
prevent mat replenishment.
October—INTEGRATED—Regrowth  will  be  sparse.
Internodes near the suwrlace will be limp and void ol
chlorophiyll. Deterioration ol the mat will have advanced
to the pouirt that sone mats will break [ree and float

downstream. Mat Jragments caught i the bend ol the
river will he rolled and inverted because of water pressure.

Novenber—BlIOLOGICAL=Frost will have killed sur-
face vegeration. New leaves will be produced by stems
pressed into the mat doring the growing season. However,
chilling temperatures will prevent any substantial growth.
hisects miay be found near the shore or under the cover
ol dvied vegetation or lloating on the surface. When fivst
examined the nsects will appear dead; bur, when placed
in the sun they will begin to vevive.

November—INTEGRATLED—Nats will be reduced by
the combined pressures of herbicides and insect feeding
damage. Large mats will have holes where portions of the
mat have dropped out hecause ol deterioration of inter-
nodes. Most of the alligatorweed infestation will be
mareinal.
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ABSTRACT

Under sponsorship of the U. S Amuy Corps ol
Engineers a nultilaceted vesearch program is being con-
ducted on major aquatic weed species in the United
States. Alligatorweed [Altcrnanthera pliloxeroides (Mart.)
Griseb.] was an culy target ol this research due to the
dificulty of controlling the weed chenically. Research in
Louisiana, where alligatorweed is a  problem in rice
(Oryza sativa 1.} growing areas i in canals and lakes, re-
sulted i data on the use ol four phenoxy herbicides, In-
cluded with this is lormation on the release of the al-

1Supported in part by contract DA-1G-047-CINVENG-63-251, U7, 8§,
Army Corps of Engincers, District of New Orleans. and the Office
of the Chiel of Engincers, Washington, 1, C.
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lisatorweed flea beetle  (Agasicies hygrophila Selman &
Vogt) in the state and its subsequent impact on alligator-
weed at several sites,

INTRODUCTION

Virtually cvery type of water transportation in the
Nation’s larger inland waterways 15 affected Dby dense
growths ol aguatic plants. Included are small pleasure
cralt, commercial hshing leets, petrolenm industry vessels,
aud modern barge tows which move hundreds of important
connnodities. "Fhese plauts also increase the chance of
focal llooding by impeding natural runott and ave detri-
ntental to lish and wildlile in bayoos, swamps, and marsh
areas adjacent to navigable waterways. They affect agri-



culture by increasing water loss through evapotranspira-
tion and impeding water management i irigation canals,
thereby incrcasing production costs.

CHEMICAL CONTROL OF ALLIGATORWEED

Preliminary studies on the chemical contyol of alligator-
weed and waterhyacinths [Eichiftoria crassipes (M)
Solms| in Lounisiana were made in 1950 wnder a research
contract with the New Orleans District ol the L. 5. Ay
Corps ol Engineers and Tulane University  (2). Since that
time, phenoxy herbicides have heen widely nsed for control
of these two aquatic weeds. However, herbicide applica-
tion for control of alligatorweed has heen quite Innited
becanse relatively high hierbicide levels are vequired, and
the cost ol retreatinent that is unsnally necessary alter a
shiort period ol rinte is substantial. To improve the control
method, rescarch studies were initiated with the University
of Southwestern Louisiana in 1959 (1).

Methods and Materiads. Field studies Tor the summner
seasons ol 1964, 1965, and 1966 were set out in Louisiana.
Randaomnly selected plots 600 m# in surlace avea were sprayed
with phenoxy herbicides using conventional ground equip-
ment. The herbicides were applied in o water solntion at
a rate ol 187 kiloliters {(kly/ha and 4 kg/sq can. Eleven
large scale plots, 0.2 1o 01 ha in size, were spraved by

AREATAMENES AL DIFTEFRENID
ALLIGALORWEFD FOR

TasLr: I PRRCENY CONIROL FOR PREMCIM
RATES AND MONLIS OF APPLICATION FOR CONIROL OF
APRIG MAY, AND Jusr 1964,

Herbicide Rate Month ol Vercent
trealmen(a kg hab application controle
Silvex 8.4 April 800
5.0 \pril NE
27 April 15
2.4-D (PGBEL) 8.1 \pril Stk
5.0 April i
2.7 \pril 25
24-D (PGBEE) 8 May A3
5.0 May 45
27 My 30
24D (PGBEF) LR June 734
SRV June 10
27 June 30

Sunminary ol treatment means

Herbicides

Silvex 50
24-D (PGBEE) 52
Months
' B Apiil S
May NE
June N
Rales
sl 701
5.0 +
27 30

« Applied in a waler solution at 187 kI, ha and 11 kg/'sq em.

U Rate in kg achive ingredient per ha.

e Percent control estimated Irom thiee rveplicates. by visual inspection
ol below water mat, 6 weeks atter treatment (WSS vadng 1-10).

aSignificant diflercnce. ' = 0.02,

» Nonsignilicant diflerence,

Corps ol Engincers crews, using the same eguipment

and (2, 1-dichlorophenoxyyacetic  acid  (2,4-D)  herbicides
used for the control ol waterhivacinths. These plots were

established in the canals ol the Bonnet Carre Spillway near
New Orleans.

Treatment Results. Field data lor the summer seasons
ol 1964, 1965, aud 1966 are presented in Tables I, 2, and
3. "T'he herbicides 2»(2,“1,:')-lri(lll()mpllcm)xy)pr()pionic acid
(silvex), and the propvlene glycol Dburyl ether esters
(PGBEL) and the dimethyl amine (DMA) formulations
ol 2,1-D snceesslully controlled alligatorweed. Differences
between herbicides were not sigmificant. Rates and  dates
were highly sigmificant, e, applications below 8 kg/ha
did not produce satislactory control, and late summer ap-
plications were more eltective than early summer applica-
tions. Large scale field wials showed vegrowth along the
canal banks during the second vear, and most canals were
covered over by the end ol the third year.

BIOLOGICAL CONTROL OF ALLIGATORWEED

Preliminary stidies on the snecesslul control of alligator-
weed with the alligatorweed Hea beetle have heen reported
m Florida ¢}, 7). There was some opposition to the in-
voduction of the alligatorweed [lea beetle into Louisiana
for biological control of this weed because some economic
uses existed, such as cover and [ood m cravhsh ponds and
erazing for cautle during the winter scason. These uses,
however, did not greatly conilice with the use ol the
alligatorweed flea beetle Lor control ol the planc in canals
and bavous.

Methods wnd Materials. "The cooperative investigation
ol die biological contvol ol alligatorweed was initiated be-

TIFRBICIDE TRECVEMENTS FOR TIRFF LEVELS
ALLIGATORWEED  FOR

Tasir 2. PIRCENT CONTROL OF
OF APPLICATION AND 2 MONTHS FOR CONIROL OF
My oasp Jury 19635,

Herbicide Rale __ Percent_contral
tredtmentit kg/hab Miny July
Silves Ko 70 100
2.4 (PGHLL) L] H0 14k}
Silves 5.0 35 60
24-D (PGBEL) 5.0 a0 100
Silvex v 43 - 6
24-D (PGBEE) 2.7 20 6l
Stummany of (reatment means
Herhicides
Sihvex 17 731
2.4-D 10 b
Rates
bl (0= 100
5.0 3 NIy
27 20 G0
Months
May vs July 43 He

a Applied in water solution at .87 kI i and 14 kg/sq. cn.

v Rate m kg active ingredient per ha.

¢ Percent conuol estimated frome three rephcates Visteal inspection
ol the below water mat, 6 weeks altey treatment (WSS vating 1-10).

d Nunsignilicant difference.

e Signilicant. P = 0.05.



IFRBICIDT TRE YTA N IS OF  UVRRICIDY
ALLIGATORWEFD tene Moayv, Juiv, anp
[P

TasLr 3. PIrRCEXT CONTROL FOR
COMBINATIONS FOR CONTROL OF
SEPTEAIRIR

Herbicide Rutc Month ol Peveent

treatmcnis kg hab application coutrolr
240 (PGBEE) 4.5 My 25
plus silyex 2.9 July 40
Septembey M
24-D (DMA) 4.5 Ay an
plus silvex 2.8 July 43
September 101
LA-DPGREY) .8 Mav 25
Juty 20
September jom
24-D (DMA) 6.8 AYER R}
Jul 50
Septembcy foon
Sukry of treatiment e
Combinations
2-4-1) (PGBEE) plus
silvex Haw
24-D (DMA) plus
silvex iy
24-D {(PGBRE 14
24-D (DMAY 36
Monmhs
"""""""""""" May it
Juk 20
Sepiember a6

s Applicd in water solution ar L87 Kl ha and 1L kgrsq om.

b Rate in kg active ingredicut por b

e Percent vontrol  estimated  from three replicates by
spection of the below waler mat, § weeks alter heaument
rating I-10).

4 Signilicant difference. ' = 005,

£ Nonsignificant diflerence,

visual i
(AWVENN

tweenn the U, S. Army Corps of Engineers and the Agri-
cultural Research Service (ARS) of the LS. Department
ol Agriculture (USDA) in 1959, Exploration and investigi-
tion for insect enemies of the plant fu South Amevict were
done by personnel of the Systematic Entonmwslogy Labova-
tory ol the ARS.2 ARS parsonnel conducted host spedificity
studies at the USDA research station in Avgentina aud ut
the USDA—ARS Biological Control Laboratory in Cali-
fornia (33, Results of host specihenty stadies in Argentina
indicated that an undaeribed flea beetle, Later mamed the
alligatorweed flea beetle, was suitable for biological con-
trol of alligntorweed {2, 3, 4, 5, 6).

In December 1970, an officiul permnit was granted by
Louisiana authorites for the velease ol the insect in the
state. The hirst release was mude in Februwy 1971 in the
Cross Bayon Ganal, about 8 km west of the New Orleans
Interuational Airport. Since that time, 15 releases have
been made in Louisiana, with control ol alligntorweed ap-
parent in several areas of the suate,

Vogl, G B 1973, Faplovation for natural enemies of alligator-
weed and related plants in South Mmerica, pp. B3-B66. [n Aquatic
Plant Control Program, "Fechuical Repore 50 Bieological Control of
Alligatorweed, edited by . O, Gangstad. Report sponsered by
Office, Chiel ol Engineers, UL S, i, and published by: Ul S0 Army
Engineer,  Waterways Experintent  Station,  Vichsbung, Mississippit.

167 pp.
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Treatment Resudis. Release sites of the alligatorweed
flea beetie in Louisiana are svmnnarized in Table 1. Most of
these sites have active populations of the alligarorweed llea
bectle, and some measure of control has been obrained.
The beetles are lound to he most active during the spring
and fall with o slowing of activity during the Tou summier
months, "Uhey have overwintered in the southern pare ol
the state, and indications are that a stable population has
been established. Aihough it is oo soon to fully evaluate
the degree of control. there is lictie donbt thar the alligator-
weed Hlea beetle will continue to supress excessive growth
of alligatorweed  growing in aquidic situations but ger-
vestrial growth s nach foss ailecred.

INTEGRATED CONTROL

As carly as June 1968, Zurbuwg (8) suggested that the
improved control ol alligatorweed in Flovida at the Ortega
River release site might be related 1o the combined ac-
tivity of the alligatorweed flea beetle feeding on the above
portion of the mat and the cllect ol 24-D {(hnadentally
applied for control of waterhyacinths) on the underwater
portion of the mat. Jr was not until after permission was
granted for the inmroduction of the alligatorweed flea beetle
by authorities in Louisiana that this approach te the prob-
lem could be further studied in Louisiana.

Field observations have been made since 1970 to deter-
mine the cllectiveness o} the alligatorweed flea beetle 1o
control alligatorweed. During the inidal period ol disper-
sion, populations incrcased slowly: consequently. feeding
damage  was minimal. However, by the lall of 1971
significant  populations  and  feeding  were apparvent. As
a resalt of the mild 1971 w 1972 winter, inseas over-
wintered ind large populations were found in most of the
state in the spring ol 1972,

fn several widely separated  locations in Louisiana
during 1971 and 1972, atack by the allighrorweed flea
beetde on alligatorweed was followed by increased competi-
tion trom waterhiyaciuths and eventual veplacement of the

Fancr . VLICATORWERD FIEA BVETLE WFLIASE SPIIS 1IN LoUisjavas

1471
brate of
refease

Ovigin of
alhgalorweed
flea beetle

Nwnher
reteased Release site

1Y Februan St Cross Bavou Camnal |
03 Mmch 70 Oviega River, Fla Jusmine Bavou |

03 Muarch 7al Ortega River, Fla, Cross Bavou Canal 2
19 Mareh 1M1 Lake Arvibur, La. Jasmine Bavou ¥

1 Al LY Lake Charles, La. Cross Bavou Canal 3
16 _yprid Houl Lake Chdes, La. Jasmine Bavow 3

16 Aprid 300 Lake Charles, La. Bavou Rapides |

17 April HOU Lake Clynles, La, frushy Bavou

17 April Mg Lake Charles, Ta. Round-a-wav Basou
26 Mpril 500 Ortega River, Tla Warven Canal

26 May 301 Lake Charvles, La. Bavou Rapides 2

27 May 250 fake Charles, La. fake Bruin

27 May 550 Lake Charies, La. Logausport

27 May 154060 Lake Chavles, La, Black Bavou Lake
2% May 150 Lake Chavles, La, Chaplin Lake

aInformation supplicd by W, 1
Districl, New Ovleans, ud 1.
Fisheries Commission, lor the
al cach site veloase,

Thompson, Ul S0 Avmv Engineer
V. Richardson. Louvisiann Wikdile
estingted number of adult beetles



alligatorweed by waterhyacinths, In these cases, herbicide
treatment of waterhyacinths resulted in the elimination of
both plants.

Cross Bayon Canal.
were released at this site near
February 1971, This location was selected
for the .nllno.ntor“ee(l flea beetle because of
of dlhg,atonweml The beetles also had access to large
quantities ol alligatorweed growing in the marsh area. Be-
cause of the slow increase in population an additional
2,000 Leetles were released o 15 April 1971, This release
resulted in a rapid increase in the population and in
feeding damage (Tuble 5).

In July 1971, waterhyacinths intruded iuto the
and rapidly multiplied throughout the rest of 1971 and
into the spring of 1972 to the point that by June 1972 the
cannal was completely blocked. The canal was sprayed 26
and 27 June 1972 by crews of the Louisiana Wildlite and
Fisheries Commission, using 4.5 kg/ha of the DMA formu-
lation of 2,4-13 in a 0.5¢; spray solution. Spraying ol water-
hiyacinths was done without any appreciable damage to
the alligatorweed. By October 1972, only a small amount
ol alligatorweed remained in the area, and by the beginning
of December 1972, alligatorweed was no louger present.
Continning surveys in the spring ol 1978 indicated that
almost no alligatorweed ways present in the canal and along
its banks.

In aun evaluation ol the causes leading to the severe re-
duction of alligatorweed on Cross Bavou, several factors
were considered. The winter of 1971 to 1972 included 4
days below 0 C in January and 3 days in February, This
cold weather killed a p()mon ol the alligatorweed above
the water and delayed its spring growtll. In the spring of
1972 the Alllg_,dlonwu’d llea bettle coutinued the stress which
the weed had been vuader due to the cold weather earlier
in the vear (Table 5). The alligntorweed in Cross Bavou
was less competitive with waterhyacinth, thus a plant re-
placement occurred making the use ol 24-DD necessavy.
Drife from dus spray may have contributed to the dis-
appearance of the alligatorweed in the summer of 1972,

Approximately 50 adule beetles
Lake Pontchartrain on 19
as a release site
the lush growth

area

TABLE 5. PERCENT CONTROL DATA FOR LOUISLANA LOCATIONS FOR BFLTLE
POPULATION AND ALLIGATORWELRD MAT WIDTIH AS RELALED 10 RERBICIDY
TREATMTNT,

Beetle
population Mat M
Location of Date ol per sgom width conrol
alligatorweed abservation {adulrs) (1) (“1)
Control canal 05/20/71 0 15
06/26/72 o 17
0
Crass Bayou Canal, 13
lL.ouisiana 25
+ 74
Rice Irrigation Canal, 07/ /71 Il 21
Louisianab u7/16/72 18 3
+ 78
aSprayed with 24D (DALY) lor waiethyacinth control.

b Sprayed with _,1 D {PGBEE) tor alligmorweed control,

Alligatorweed has not reestablished on the canal due to the
continued pressure of biotic and abiotic stresses.

Rice Irvigation Canals. Attempts to control rooted and
(loating mats ol alligatorweed emerging from the hanks
ol rice irrigation canals began in April 1965. Combinations
ol rapidly degradable phcuox\ lierbicides and water man-
agement were fivst successfully nsed i the 1969-70 season.
These treatneuts, while not completely satislactory in de-
gree ol control obtained, gave adequute control to mini-
mize iuterlerence with Iivigation water movement. o late
October 1970, large scale spraying of irrigation canals was
accomplished by applying 1.5 kg/ha ol the DMA formula-
ton ot 24-1) in 30.3 liters ol water by comntercial crop
spraying aircraft, This application was timed to coincide
with lowering water level in the irrigation system and
earlier experience with the control of floating mats of
alligatorweed by fall application ol plhienoxy herbicides. Re-
sults obtained carlier in this study in the control ol rooted
alligatorweed iu the irrigation canals demonstrated the ad-
visibility of an carly spring application (late March) about
1 week pior to fAlling the canals with muddy water. In
July 1971, very little alligatorweed was in evidence in the
treated canals (approximately 16 La treated). At this time,
the alligatorweed [lea beetle was introduced on alligator-
weed along the canal bank and was noted to be feeding on
the surviving alligatorweed. Beetle damage was moderate
during this first summer and a population increase was
observed. In the spring ol 1972, the alligatorweed flea
beetle damage to alligatorweed was very much in evidence
and the remaining stand ol alligatorweed was practically
eliminated {(Table 5).

In early March 1973, an examination ol the canal banks
in the treated areas revealed an occasional surviving plant
ol (llllL’ll()l weed. However, extremely unlavorable tempera-
tuves in January aud February 1973 reduced the alligator-
weed (lea beetle population almost to zero, necessitating a

vepetition ol the 2,4 weatment 11 the fall in certain
areas. The alligatorweed  flea  heetle  population  re-

established isell in the spring of 1974
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