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1. Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad solicitante
de la patente de la referencia, me refiero al oficio No. 8427 notificado por fijacién en lista
del 25 de MAYO de 2012.

2. Mediante oficio No. 8427 el Examinador a cargo del estudio de patentabilidad de la
presente solicitud, en virtud del articulo 46 de la Decision 486, solicitd la presentacion de
los siguientes documentos:

21 DATABASE CAB [Online] CAB INTERNACIONAL, WALLINGORD, OXON, GB; A.
ZOSCHEET AL.. “CGA142'464 plus BAS-514, a new timing-flexible herbicide
combination for broadspectrum weed control in rice (Oryza sativa L.) in South Korea”
XP 002464635 retrieved from STN-INTERNATIONAL Database: accession no. 91-
73631. CABA & PROCEEDINGS, 12TH ASIAN PACIFIC WEED SCIENCE SOCIETY

. CONFERENCE, no. 1, 1989, pages 245 — 253

2.2 DATABASE CAB [Online] CHEMICAL ABSTRACTS SERVICE, COLOMBUS, OHIO,
US; XP002464636 retrieved from STN — INTERNATIONAL Database accession no.
141:84041 CA & CN 1 401 232 A (ZHONGKAI AGRIC CHEM CO LTD) 12 march
2003 (2003-03-12)

2.3 “The e-Pesticide Manual (Thirteen Edition) Version 3.0” 2003, BRITISH CROP
PROTECTION COUNCIL, XP002464632 entry 712: “Quinclorac”

NIT. 860.041.367-3
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2.4 “The e-Pesticide Manual (Thirteen Edition) Version 3.0 2003, BRITISH CROP
PROTECTION COUNCIL, XP002464633 entry 713: “Quinmerac”

2.5 KLINGMAN; ET AL: “AQUATIC-WEED CONTROL® WEED SCIENCE, WEED
SCIENCE SOCIETY OF AMERICA, CHAMPAIGN, IL, US 1982, pages 383-402 XP
002962279 ISSN 0043-1745

2.6 “The e-Pesticide Manual (Thirteen Edition) Version 3.0 2003, BRITISH CROP
PROTECTION COUNCIL, XP002464634 entry 211: “2,4-D”

27 KAY S. H.; ET AL “RESPONSE OF TWO ALLIGATORWEED BIOTYPES TO

QUINCLORAC” JOURNAL OF AQUATIC PLANT MANAGEMENT, WASHINGTON,
DC US, vol. 30 1992 pages 35-40 XP 008086947 {SSN 0146-6623

3. Respuesta al requerimiento

Con el animo de dar respuesta al requerimiento formulado por el Examinador, se presenta
junto con el presente memorial, copia de los siete documentos arriba mencionados.

4,

5.1

5.2

5.3

5.4

Puesto que se han atendido a cabalidad las observaciones hechas por su Despacho
sobre la presente solicitud de patente, atentamente solicito que se continue su
tramitacion.

Anexos

DATABASE CAB [Online] CAB INTERNACIONAL, WALLINGORD, OXON, GB; A.
ZOSCHEET AL. “CGA142'464 plus BAS-514, a new timing-flexible herbicide
combination for broadspectrum weed control in rice (Oryza sativa L.) in South Korea”
XP 002464635 retrieved from STN-INTERNATIONAL Database: accession no. 91-
73631. CABA & PROCEEDINGS, 12TH ASIAN PACIFIC WEED SCIENCE SOCIETY
CONFERENCE, no. 1, 1989, pages 245 — 253

DATABASE CAB [Online] CHEMICAL ABSTRACTS SERVICE, COLOMBUS, OHIO,
US; XP002464636 retrieved from STN — INTERNATIONAL Database accession no.
141:84041 CA & CN 1 401 232 A (ZHONGKAI AGRIC CHEM CO LTD) 12 march
2003 (2003-03-12)

“The e-Pesticide Manual (Thirteen Edition) Version 3.0 2003, BRITISH CROP
PROTECTION COUNCIL, XP002464632 entry 712: “Quinclorac”

“The e-Pesticide Manual (Thirteen Edition) Version 3.0 2003, BRITISH CROP
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5.5 KLINGMAN; ET AL: “AQUATIC-WEED CONTROL” WEED SCIENCE, WEED
SCIENCE SOCIETY OF AMERICA, CHAMPAIGN, IL, US 1982, pages 383-402 XP
002962279 ISSN 0043-1745

5.6 “The e-Pesticide Manual (Thirteen Edition) Version 3.0” 2003, BRITISH CROP
PROTECTION COUNCIL, XP002464634 entry 211: “2,4-D”

5.7 KAY S. H; ET AL “RESPONSE OF TWO ALLIGATORWEED BIOTYPES TO
QUINCLORAC” JOURNAL OF AQUATIC PLANT MANAGEMENT, WASHINGTON,
DC US, vol. 30 1992 pages 35-40 XP 008086947 ISSN 0146-6623
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CGA142'464 Plus BAS-514, A New Timing-Flexible Herbicide
Combination for Broadspectrum Weed Control in Rice (Oryza
....... sative L) in South Korea

A. Zoschke!, §.K. Yun?, and U. Kiessling®

> Abstract
CGA142'464 and BAS-514 are herbicides detected by CIBA-GEIGY 1td. (Switzerland)
and BASF AG (West Germany), respectively. A mivhire of the two compounds was of interest,

since the individually established biological proflles proved to be complementary and
appeared to have the potential to provide broadspectrum weed control in rice.

During 1986 and 1988, a total of 20 trials was carried out to test this combination
in transplanted vice (Oryza sativa L.) in south Korea, The objectives of these studies were
to investigate. firstly, whether the CGA142'464/BAS-5 14-combination fits into the south
Korean rice production system ; secondly, whit the weed spectrum of this combination
wonld be : and thirdly, how it should be applied nder south Korean conditions to provide
an optimal biological performance.

The results showed that in south Korea a granular CGA142'3464/BAS-514-combination o SRR

‘was most cffective when applied carly post to post emergence to the weeds (10-15 days -~
“after trapsplanting) at a rate of 24+ 300 g a.i./ha.Such an application was safe to the
rice crop and provided control of all the most important weed species in south Korean
rice fields including grasses such as Echinochloa cius-galli, sedges such as Eleocharis

T CIBAGELGY Lid; AC 262, Postlach, CH-4002 Base! (Switzerland),
¢ YONGMA International fnc, C.P.Q. Box 6132 Seaul (5outh. Korea).
& BASF AG, Postlach 220, D-6703 timburgerhof (West Germany).
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species, but alse Echinochloa crus-galli, Fleocharis acicularis, and Ludwigia spp. aré important Kim, §
C., 1983 ; cit. Kim ot al., 1986}

Ing ;,r.neral yield losses due to wecd& are hlgher in machme Lransplanted rice compared W|th hand-
'lfr_-_msp'«vmtms, (Kim ot a! 1984)

& ypom-. soraiinus reduced yleid by 59% in south Korea (De Datta, 1977 ; cnt Srmth 1983). The long
periotl over which peaemnals emerge may accoum for the difficulty to Lontrol them (Km-, 1983).

Korca has been reponed by Kim et al, (1987).
The above mentioned biological prifiles of the two compounds seemed interesting to develop

a broad-spectrum herb:mde combmanon south Karean rice market. Therefore, our studies were

-combmauon fits into the ‘South Knrcan nce

and how this mixture should be applled to _provrde an optimal bxo!ogacal performance

MATERIALS AND METHODS

The CCA142‘464/8AS-5140 corfibination has been field tested in south Korea since 1986. The res:

Seite 3 von 12

pectivé trials were carried out at severallocations throtighout south Korea and werc run eitherin
collaboration with KYUNG NONG CORP.; Seoul, or camed out through the technical depan:ment'

of BASF AG, Seoul.

Tesl'c‘ompounds

514, CGA142464 Has been detected and developed
by CIB/\ GEI"Y le Baset (Swnzerland) the chemxcal as well as loxncoloplcal propéities of the active
uv;,red«an( have been described by Quadranti ‘et al.(1987).- BAS-574 has been detected and developéd

by BAST AG, Ludwigshafen (West Germany) ;theé chemical and toxicological properties of the active

ingredient ‘have been described by -Menck 6t al. (1985) and Wauerzer & Berghaus (1985),
Application timing -of the corbination of CGA142'464/BAS-514 was 10 or 15 DAT (Days After

Transplanting).. CGA142'464 was tested at.a rate of 2130 g aifha (when applied at 10 DAT) ot 24-

45 g ai/ha (when 1pplled at 15 DAT), while BAS-514 was always used at 300 gai/ha.

Compounck were formulated as extiiided granulos and applied in a bﬁg'mlx in 1986, while i later

;T'ri';'u details

Between 1986 and 1988 a mlal of 20 tnah (10 6 and 4 triaks in 1986 1987, and 1988, respectively)

was cartied aut. Plot size was 12-20 sgm. Treatmants were replicated three or four umps
Sail types-at the lo ations menl:oned abwe induded dav Ioam’ ‘!oam and sandy loarn’. Fneld

and ¢rop manager
gement were carried out _a;-;_c_ord_rng to local pracnces
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'?a!gcng, and Umbong’) as well as hybnd vaticties of
and Sarmkarig).

icept for 4 hand-transplanted trials, rice seedlings
d from May 15 to June 16 in felation to 30(,at|on

the lndlca X japomca-type {cvs. Baek

Age of seedlings was ranged from
were machinetransplanted. Transplan g
and year. o

Evaluations

Evaluations regarding efﬁcacy {‘crop toterance’ and ‘Heibicidal activity’) were done using a percentage
scale by estimating for ¢a ment the ‘biomass reduction’ of rice (relalive to the handwesdéd
check) of weeds {relative to the Uintreated check), Evaluation timings were ‘early’ at 30 DAT franging
25-45 DAT) and fate’ at 55 DAT {ranging 50-65 DAT). In most cases natural weed flora was -existérit

;in few trials, artificial seeding or iransplanting of bulbs was done to ease evaluation of herbicidal
actiwty

Rice grain yields unhulled at 14% moisture: content) were taken from 13 tials at grain msaturity.
Standard prodﬁéts were tested in all trials for ticm'p'anson reasons. A!I such produ’c’ls‘ were ap’pi’iéd

Additional information to Flgures Ttob

Abbrewanons used in Figures 4 and §
"CYPSE-Cyperus serotinus, ECHCG-Echinochloa ¢rus-galli; ELOKU-Eléocharis “kuroguwal, MOOVA-
.Monochoria vaginalis, PTMDI-Potamogeton distinctus, SAGPY-Sagittaria pygemaca, SAGTR-Sagittaria
trifolia.

i/ha (when appired 10 DA'D and 24- 30 g ai. :’ha (when apphed 15 DAT).

RESULTS AND DISCUSSION

'para_meters most umportant ina hCI'bICIdE context : crap tolerance weed spectrum, and rice grain

“yield.

Crop tdlerance

coriditions { ears‘r", application timing™, and “rice variet
vvvvv Y PP 8™ Y

limiatic: conditions, such as temperature, have shown an effect upon the crop tolerance 6f the
CGA142'464/BAS-514-combination ; however, in no case the highest phyt'o't'ox»cnty values ever exceeded
the 10%:-Jevel, which means that the treatments were always acceptable in térms of crop tolerance.
Nevertheless, some interesting tendencies were noticed ; Fig. 1 shows that the CGA142464/BAS-514-
combination in absolute terms was most phytotoxic in 1988, while 1987 was the safest year. Since
this abservation held true irrespective of location (eg. soil type), one has to assume that temperature
played an important role. In fact, from température data coliected at the different locations 1987 can
be characterized by relattvety warm weather in the first 2:3 weeks following the treatrnents (mid May

1o eardy Junie) ; in contrast, in 1988 a period of comparatively fow temperature was followed by a fairly

Sefte 4 von 12
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warm inonth of June. In bnl casey; the mean daily temperature was increased by about 2-3 degrees
Colsius in 1988 comipaipd 10 1!3_ 36 was the coolest of all three 1fial years.

Fram hase temperature differerices iL appears fikely that in the cooter weather during the periad
following the herbicide apy in n%ﬁ) e rice crop recovered stowly from the treatment only,
while the oppasite: happenc

A in south Korea As pmnted oul alr(-'ad), ardfy any phyt
; ‘ch dan were mduded fur the mmpanmr’x of fice types When

varwu(s m hv more sm((*pnhic 10 thts rmalmcn[ Such effect |s pmbably (Iue 1o the Aulfo'wiurea
herbicides Ryang ¢l al, 1986 : Pyon et al, 1987). ‘Tlowever, the highest fevel of phytotosicity observed
with the CGAT4Z'464/BAS+514-combination was always within the acceptable level &f 105,

Since resdlls showed that japonicaslype-varicties were moré susceptible than indica x japonica-
type-varieties, for the compilation of data on application timing flexibifty (see Fig. 3, only trials including
japonica-varietins have been used. Whert application timing was delayed (15 DAT), the CGA142'464/
BAS-5i4-combination never showed any-significant sign of phytotoxicity. If the standard treatments
wereslightly smore phytoloxic-than our combination, then this ndy be due mainly to the fact that
alt the standards wire herbicides recoinmended for carly application @S DAT at which the phytotoxicity
rigk to be higher. ] o )
ns sary. it can be stated that the CGA 42°4647BAS-514-combination will be safe Lo south Korean
rice 1 this herbicide was applied belween 5 DAT. ‘ o

12 -
oy
i
-
8]
A
i
“+* [ R
o
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D
£
e
3-

1086

Fig. I Rico ctop totgiance of the CGATA2464/BAS 5 14-combination in relation to rial year
{mean over all varieties, appl. 10 DAT)

Seite S von 12
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icity

% phytotox

pooica~" indica x jepeaiéar
variatios variotioy’

Fig. 2. Rice crop tolerance of the COAT42'464/BAS-5T4-combinatiun to juponica- dnd ivdica
X japonica-type-vatieties (mear 1986/1988. appl. 10 DAT)

12

% phytotoxicity
®

-9

Fig. 3. Rice crop lolerance of the CGAT42'464/BAS-514-cambinatian to japonica-type-varietios
in relation to application siming tmearn 1986/1960)
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Weed spectrum

Basically, our studies were ainied at investigating the dose of CGAT42'464, performance of -the
CGA142'464/BAS-514-combination re!nuve to dpph( saition timing, and establishment of a list-of sustq)ub|e
weeds,

Fig. 4 shows the level of conttol of the CGAl4Y 461/BA‘§ 514-comibination -at two selected doses
of COAT42'464, 24 and 303 ai/ha. Not all weed species have been included, because they were fully
rcmtro!icd (we later). Tt can'be seen Lhat !he dose response gennmlly is smaﬂ Ilowever, all in all )4

woed control

Compared with the standard hethicide used, the performance of the CGA142° 464/BAS 514-comi-
bination was Supcrior-against a number of weed species, bul most pronounced against
kuroguwai and Sablﬂ‘lrld m!crha Thv duﬁeruue&. wnlh the ulhtf weed< are probahly not

the sume; when app ed at 15 DAT the peak of .awwty is often reachod at the second -evaluahon
timing (55 DAI’) orily, bt at early evaluatinn (30 DAY) already in the case. of an application at 10 DAT.
This-obseivation, however, has no consequenca in terms of level of weed control orduration of activity,
since the differences observed vary within relatively small limits at a aiready high level of ‘activity.

n xummmy based on our 3-year field experience in south Korea, the following weeds were found
to be suscaptible to the CGAT42°464/BAS- 514:combination :

thll?r)t hlﬂd (JUS "d”l B (_al’ﬂﬂ\ll I('a(! ‘ Am n‘(‘ma apcmu U!)l "r:im'ef'ina(':ef ée
& '
Lindernia p,'()CL(”_IbE”) SCl Qphu{qriqccqe

Cyperaceae 1 Ludwigia prostata Qoenotharacean

Monachoria va

»!iohf;oderiaceae

i Potamageton distinclus

Ratala inichica iythracead
1 Sagittaria pypmara Alismataceae
: S1g:tmna trililia Alis natau,ae,

" weid \pp(«'& is not mllrdv tomrolled buc hoavnly suppms»ud frum the hprhmde lrealmonl]

Wher.campared to the weeds identified by Kin, §
that the we.ed speu.trum <0ntrol|ec by the (‘GAM "'4 34

1966), it can be seen
clude all the species
¥ "mtrcﬂ other weeds

is well Lor\trollorJ thas may be hnked wnh its late gr’rmmatron and slow. devclopmcn! in tunperate
climate  (Kim“1983 ; Kwon & Seong. 1983) ; while annual weeds heed 5-7 days after puddiing
for ernergence only, rhp pm[mbllle of fleacharis Aurnguwax can require up to 20 days. Since the sul-
fonylurea is transtocated to the actively growing meristems, one can asstime that the harbicide will

act best whien applied during the sarly stages of ¢ iis kurogowal development  and this will be

Seite 7 'von 12
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fig. 4. Weud control of the CC/_\“I- . .4M/BAS-S?l#-con:)biﬁatipn relativeito the rate of CGAT42
464 and in compatison with the standard (1987, appl. 10 DAT, eval. 30 DAT

* standaxd

" rate of COM427464 (g a,i./ha)

*

% weed control
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thi éase with the CGATA2464/BAS-5 1 -combination t its recommended application timing of 10-
15 DAT.

Rice grain yield
In average, ficé in the untreated chieck yiclded 510 t/ha t:TOE)%). Alf the i‘te;bi(:ide treatmerits
tested for their effectiveness in erhancing rice grain yield résulted in an increase of 20-25% (compare

Fig. 6); there were no significant yield differences between the CCA142’46‘4/8?\5«514-c0mbinati0ns

K

ot
i
37 s obe by
y SR T er [y E ey

oenireated
chock

100+

T15LL:

T1

Eerirn

T

IR o
2sin st e
RIERA

)
i

.

1]

0 4

Fig. 6. Rice grain yield of the' GGA142'464/BAS-514-combination as compared with checks and
standard treatments (100% =510 t/ha)

when applied at 10 or 15 DAT. Al the herbicide treatments yielded about the same compared with
the cheédk that was handweeded according to local practise.

CONCLUSIONS

Our field trials have clearly shown the excellent performande of the CGAT42464/8A5-514-com-.
binations tn south Karean rice flelds. When applied at, 10-15 DAT days after transplanting) at a dose
of 24300 g ai/ha, this herbicide will be safe to the rice crop {both japonica- and indica x japonica-
type-varieties) and will cantrul a wide rangé of weeds ; according to available information, the weed
spectium of CGAT42'964/BAS-514 covers today’s most, widely spread weeds in South Korean ricé fidds
including difficult-to-control perennial weeds. "The excellent performance profite of ihis. herbicide

combination is supported by vield data teaching a level similad to that.of the handweeded check,

The good application timing flexibility and its low dose are additianal positive features of the CGA142"

464/BAS-514-combination.

Seite 9 von 12
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From Lhe field data it can be concluded that the CGAT42'464/BAS-514-combination offers an excellent
solution 10 the South Korean farmer to stop the moest important weeds from competing with his rice
crop.
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FILE CAPLUS

AN - 141:84041 CAPLUS

ED <~ Entered STN: 29 Jul 2004

TI -~ Fenoxaprop-p-ethyl-containing syriergistic herbicidal compesition, its

preparation and application : : :

IN < Li, Rifu; Zhang, Zhigao; Yin, Xiaogen

PA - Zhongkai Agricultural Chemical Co., Ltd., Xinyi, Jiangsu, Peop. Rep. China

‘80 +# Faming Zhuanli -Shenqging Gongkai Shuomingshu, ‘9 pp.

CODEN: CNXXEV

DT =~ Patent

‘LA = Chinése

IC - ICM A01N043-76

€C - 5-3 (Agrochémical Bioregulators)

FAN.CNT 1
PATENT NO. KIND  DATE APPLICATION NO. DATE
PN - CN1401232 A 20030312  CN 2001-123986  2C
CN 2001-123986
CLASS
PATENT . NO. CLASS
CN 1401232 e
IPCI
IPCR
- AB ~ The herbicidal compn. is composed of fenoxaprop-o+Et and other compd.
' {such as quinclorac, bensulfuron Me, ar_ujd/':_q_x' pyrazosulfuron ethyl). The
herbicidal compn. may ba used to prép. suspension, wettable powder,
emulsion, granule, etc for removing Panicum crus-galli, Leptochloa
chinensis, Monochoria Vagiﬁalis, etc.

‘ST - synergistic herbicide fenoxaprop ethyl gquinclorac bensulfuron

pyrazosulfuron

IT - Echinochloa crus-galli

Leptochlea chinensis

Monochoria vaginalis. )

Pesticide formulations

Potamogeton distinétus

Sagittaria pygmaea
(fenoxaprop-p-Et=contyg. synergistie herbicidal compn., its prepn. and
application)

IT <« Harbicides -
{synergistic; fenoxaprop-p-Et-contg. synergistic herbicidal compn., its
prepn. and application)

: IT - 502161-83~3, Fenoxaprop-p-ethyl-bensulfuron methyl mixt. 713502‘63~7
5 713502-65~9
. RL: AGR (Agricultural use); ‘BIOL {Biological study); QSES {Uses)
(fenoxaprop-p-Et-contg. synergistic herbicidal compn., its prepn. and
i applicatioh) ’
BNSDOCID: <XP....

. 24B4B3BA.| >



The e-Pesticide Manual (Thirteenth Edition) Version 3.0
B8CPC (British Crop Protection Council)

quinclorac (712)
Herbicide
HRAC O, also L WSSA 4; quinolinecarboxylic acid

XP-002464632

NOMENCLATURE : o
Common name quinclorac (BSI, draft E-ISO, (m) draft F-1SO)
IUPAC name 3,7- dtchloroquinohne 8-carboxyt|c acod

CAS RN [84087-01-4] EEC no 402-780 1 ‘Development codes BAS 514 H (BASF)
PHYSICAL CHEM!STRY

pKa 4. 34 (20 °C)

COMMERCIALISATION

History Heibicide reported by E. Haden et al. (Proc. Br.-Crop Prot. Conf. - Weeds, 1985, 1
77). Introduced in Spain and Korea (1989) by BASF AG. Patents EP 60429 us 4497651
us 4632696 DE 3108873 Manufacturers BASF; Sundat

APPLICATIONS :

Biochemistry Synthetic auxin (acting like indolylacetic acid); also inhibitor of cell wall
{cellulose) biosynthesis. Made of action Rapidly absorbed through the foliage. Weak auxin
activity as determined in wheat coleoptile elongation test, cucumber root elongation test,
cucumber-curvature test and ethylene biosynthesis test'in soya beans: No influeénce on Hill
reactnon Plam response is similar to 1AA or auxm-type herbicides of the class Of benzoic acids
(Echinochioa. Spp., Aeschynomene SPp.. Sesbanla spp.) and other weeds in dlrect-seeded
and transplanted rice, at 0.25-0.75 kg/ha. Phytotoxicity Non-phytotoxic to transplanted and
direct-seeded rice. Under continuous irrigation conditions; injury may occur in adjacent
umbelliiferous crops if connected to the same waterway Formulation types GR; SC; WP,
Compatibility Good combination partner for all rice herbicides which are insufficiently
effective against Echinochloa. Selected products: 'Facet' (BASF); ‘Queen’ (Sanonda)

QOTHER PRODUCTS
‘Accord' (BASF); 'Drive’ (BASF); 'Paramount' (BASF); 'Fas-Nox' (Crystal) mixtures: ‘Cao
Neng' (+ bensulfuron-methyl) (Anhui); 'Propacet’ (+ propanil) (Crystal)

ANALYSIS
Product analysis by rplc with u.v. detection (CIPAC Handbook, 1998, H, 244). Residues in
plant and animal matrices by glc, in soil by hple..

MAMMALIAN TOXICOLOGY

Qral Acute oral LDsd for rats 2680, mice >5000 mg/kg.  Skin and eye Acute percutaneous
LDso for rats 2000 mg/kg. Non-irritating to eyes and skin (rabbits). inhatation LCso (4 b) for
rats >5.2 mg/i. NOEL (2 y) for rats 533 mg/kg b.w. Other Not catcinogenic. Toxicity class
WHO (a.i.) U; EPA (formulation) Ill EC classification Xi; R43

Copyfight @ 2003 BCPC (British Crop Protection Council)
Database Right 2003 BCPC (British Crop Protection Council)

BNSDOCID'\<XP
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The e-Pesticide Manual (Thirteanth Edition) Version 3.0
BCPC (British Crop Protection Councn)

ECOTOXl'COLOGY

Non-toxic by contact or mgesuon

ENVIRONMENTAL FATE

Animals More than 90% of radiolabelled quinclorac administered orally to rats is excreted in
the urine within 5 days. Plants In plants, systemically transiocated to the roots and to the
leaves. Soil/Environment Only slightly adsorbed by the soil. Depending on soil type and
organic matter content, the chemical is relatively mobile, this mobility increasing with higher
percolation rates in helds Quinclorac is degraded by micro-organisms,

3-chloro-8- qumolmecatboxyhc acid being a major metabolite. Water regimes causing changes
in moisture content in rice soiis enhance the microbial degradation. Photolytic-decomposition
in active paddy water occurs in the presence of sunfight and dissolved humic acids.

Copyright ©.2003 BCPC (British Crop Protection Cc:unctl) )
Database Right 2003 BCPC (British Crop Protection Council)

BNSDOCID: <XP, __
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quinmerac (713)
Herbicide
HRAC O WSSA 4; quinolinecarboxylic acicj

XP-002464633

NOMENCLATURE

.Common name quinmerac (BSI, draft E-1S0)

1UPAC name 7-chloro-3-methylquinoline-8-carboxylic acid
Chemical Abstracts name 7-chioro-3-methyl-8-quinolinecarboxylic acid

CAS RN [90717-03-6] Development codes BAS 518H (BASF) -

PHYSICAL CHEMISTRY _

Mol. wt. 221.6 M.f. C11HaCINOz2 Form Colourless, odourless solid. M.p.239°C V.p. <0.01
mPa (20 2C) Kow logP =-1.11 (pH 7) Henry <9.9 x 108 Pa m® mol"' S.g./density 1.49
SOIubility In water (deionised) 223 mg/l (pH 9) 240 gh (both 20 °C) ln acetone,

~ Stability Stable to heat and Ilght and at pH 3-9. pKa 4. 32 (20 ‘?C)
- COMMERCIALISATION

History Herbicide reported by B. Wuerzer et al. (Proc. Br. Crop Prot. Conf. - Weeds, 1985, 1,
63) and W. Nuyken et al. (ibid., p. 71). Introduced by BASF AG and marketed since 1993.
Patents DE 3233089 Manufacturers BASF

APPLICATIONS

i part also by the Ieaves Moist conditions promote the uptake of the a.i. as well
»onset of activity Ethylene and abscus:c acnd productnon lead to epmasty, altered

(+ chloridazon) (BASF) AR

OTHER PRODUCTS
‘Nimbus' (BASF) mtxtureS' 'BAS 526H' (+ metazachlor) (BASF) ‘Butlsan Top' (+

ANALYSIS

Product analysis by hple. Details available from BASF.

MAMMALIAN TOXICOLOGY ,

Oral Acute oral LDso for rats >5000 mg/kg. Skm and eye Acute percutaneous LDso for rats

Database Right 2003 BCPC (British Crop Pmteehon Council)
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29 Aquatic-Weed Control

Aquatic plants, as the term is used here, mclude those plants that nor-
mally start in water and complete at least part of their life cycle in
water.

Excessive growth of aquatic weeds causes many serious problems for
people who use ponds, lakes, streams, and irrigation and drainage sys-

. tems. Excess weeds (1) obstruct water flow and mcrease water losses,

and some- plant Specnes prowde food and protectxon for aquatlc mverte-.

brates, fish, fowl, and game. Algae are the original source of food for:

nearly ail f1sh and marme ammals, and swamp smartweed wﬂdrlce wxld'

appear cloudy or dxrty and may glve xt an undesuable odor hence it is
less desirable for swimming. Here you can choose swimming or fishing,
but not both-=at least not at their best.

__2982279A_) >
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Competition for light.
Pasturing.
Drying:
Mowing.
Hand cleaning.
Chaining.
. Dredging.
Burning.
Biological control.
Chemical control.

PR A

Proper Construction of Pond

edges of the porid have a slope of 3 to 1. Such a slope greatly reduces
the area where cattails, rushes, and sedges first start growing. However,
steep banks are hazardous for swimming. Gentle slopes should be pro-
vided for swimming areas.

Competition for Light and Fertilization-

tion include the following:

1. Increased growth of beneficial microscopic
plankton and zooplankton.

2. Increased food supply. for fish from the food ¢hain that develops
from the above. T -

3. Effective weed control by shading: Plants that do reach the surface
should be cut off; 6therwise they will'be stimulated by the fertilizer.

2



METHODS OF CONTROLLING AQUATIC WEEDS 385

,v1s1ble 1 S ft "e]ow the surface Fertlhzatxon of ponds is practxcal only‘_‘k
where there islittle loss of water from the pond because fertility islost =
with the overflow.

Pasturing

_Pasturmg is economical and effectlve in controlhng marginal aquatic
grasses, weeds, and some woody species. A good 1egume~grass pasture
mixture, if properly managed and grazed, will give the banks and dam

a lawnlike appearance. A good sod also protects the banks agamst ero-
sion and helps to control undesuable specxes

Drying is a simple way. to control many submerged aquatics. If the
water can be drawn from the pond or ditch, leaf and stem growth of
submerged weeds may be killed after 7-10 days’ exposure to sun and

air. Dryit g-usually must be repeated to control regrowth from roots or

propagules in the bottom mud or sand. In ditches this operation may be-
repeated several times per season. '

Especially in cold climates, if the water is drawn down in late fall and
the lake not aIIOWed to reflll untﬂ early sprmg, many aquatic weeds will

Mowing

Mowing effectively controls some ditch-bank weeds. Power equ1pment

can be most easily .used where the banks are relatively smooth and not
too steep. Also, underwater power-driven weed saws and weed cutters

are available. The effects usually are short-lived. Mowing is usually re-

quired at rather frequent mtervals, and disposal of mowed weeds is
often difficult. .

Hand Cleaning
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386 o  AQUATIC-WEED CONTROL
may prevent the weed from spreading. The method is particularly effec-

tive on new infestations of emergent weeds such as cattail, arrowhead,

Chainin_g

Chaining aguatic weeds T 'j:_sﬁjﬁf__’bl,es-c'ha’ining woody plants (see Chapter
27). A heavy chiin, attached between two tractors, is dragged in the.
ditch. The chain tears loose the rooted weeds from the bottom, The

method is effective against both submerged and emergent aquatics.

" "Chaining should be started whenever new shoots of emersed weeds

fise about 1 ft above the water or when submersed weeds reach to the
water surface. It hould be repeated at regular intervals. Dragging the
chain both ways fidy-be effective in tearing loose most of the weeds.

s limited primarily to ditches of uniform width, accessi-

Dredging

Dredging is a common method of cleaning ditches that are accessible
from at least one side. The dredge may be equipped with the usual
bucket, or a special weed fork may be used. Dredging may solve two

problems: removal of weeds and removal of silt and debris. -
i & y built pontoons, but
tical. Dredging is an

t costs and the large

........

Burning

Burning may control ditch-bank weeds such as cottonwoods, wiliowé;

_..perénnial grasses, and many annual weeds. Green plants are usually

given a preliminary searing. After 10-14 days, vegetation may be dry
enough to burn from its own heat. o
Large trucks have been used in irrigation districts in the West. Each

truck is equipped with a 30-35-ft maneuverable boom with.oil-spraying
nozzles at the end; lighter-weight equipment is also available. ’

‘Burning can also ‘be combined with chemical- or mechanical-control

programs. Burning the previous year’s debris allows better spray coverage

“of regrowth. It may be desirable to burn the dead debris after chemical
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(Chmese grass carp) tllapxa and sﬂver dollar"‘flsh are used to control
aquat:e weeds in certain areas of the world. The white amur has beén

used in the People s Republxc of Chma Czechoslovakla Poland and the

States
Although bxologxcal control holds great potential its actual use has

aquatxc weeds receiving consxderable research effort from the: federal Te-
search program.

Chemical Control

species, (2) the appropriate chemical, recommended rate and tlme of
treatment, and (3) the amount of water or size of area to be treated.
Water surface areasare usually measured in acres, like field areas. One
acre is 43,560 ft?, or an area 208.7 ft square (on each side). One acre-ft
of water means | acre of water, 1 ft deep—that is, 43,560 ft> of water;
325,828 gal,or2; 719,4501b. Thus, to produce a chemxcal concentration
of 1 ppm, one would add 2.7 1o of the chemical (active ingredient) per
acre-ft of water; 5 ppm would require 13.5 1b, and 5 ppm to an average
depth of 3 ft would require 40.5 lbs. A closely related technique in-
volves treating the “bottom acre-foot”. Two methods of application are
used. Using formulations that are heavier than water, the chemical can
be applied to the water surface as either a spray or granule. The chemi

cal sinks to the bottom. The second method involves drop hoses or

2062279A_1 3
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weighted hoses dragged behind a boat, re}easmg the chemlcal at the lake
bottom Rates of apphcatlon are usually ‘based on a bottom acre

given as cubzc feet per second; 1 ft3 /sec is equal to 450 gal/min, Usually
the rate of water flow is determined by the use of a weir and gauge.

tic weeds is ngen in Table 29-1 Fo z*nore complete ‘discussions of
chemlcals see Chapters 8 through 21 Trade names are on page 422.

the labei Those msrructzons st be followed

Acrolein

Acrolein is useful for treating weed-infested drainage ditches and 1mga-
tion canals. It controls most submersed water weeds arid many snails

(see Table 29- 1) In small mlgatlon canals in western states at rates of.

canals where_ the usual_ treatment is 0‘ 1-0.6 ppm on a volume basis
(ppmv) for 8-48 hr. Wéed control with these treatments may extend
20-50 miles downstream.

Treated water did not harm crops when used for irrigation at low con-
cen'tratlons ngher c"oncentrations may ca‘use injury to susceptible

c_ense_d a_pp_hcatovrs _I_t may b_e toxxc to fish

Amitrole

Amxtrole is safe to flsh at normal rates. It is espec1ally effectwe on cat-

known as ammoie—T is very effeetl_ve on waterhyacmth and certain

8



CHEMICALS USED IN AQUATIC-WEED CONTROL 389
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Algae
Unicéellular S X X X
“Filamentous S % X X X
~Chara S X X X
: Alligatorweed  E X
- Arrowhead  E X X
: Bladderwort - 'S X X X X X X X X
Bulrush E X X
Cattail E X X
Coontail S X X X X X X X X X
Duckweed F X X X X
Elodea S X X X X X X X
Hydmla S X X X X
Naijad- S X X X X X X X, X b d
Pickerelweed E X X
Pondweed S X X X X X X X X X
Rush E x
Spikerush S;E X X
Waterhyacinth F X X X
Waterlily E X X X
Watermilfoil S,E X bs X X X X X X X
Waterprxmrose 5,F X X X X X

1gee the manufacturer’s label for rates, method of usage, species suscepnbxhty, and precau-
tions. Follow the Iabel——regardless of statements in this book.

F = Floating (unattachied, tops above water), E= Emersed (rooted underwater or growing orn
wet soil, tops above water). §'= - Submersed (usually rooted in soil, tops mostly underwater).

other emergent and floating species. Amitrole is- applied at 7-9 lb/acre
active ingredient as a foliage spray. It should be- applied on cattails be-
tween the time of flowering and seed maturity.

Aromatic Solvents

Aromatic oils have been particularly effective in controlling weeds in
ditches with running water, These chemicals are deadly to fish, but the
‘movement of water in irrigation canals usually has higher priority than
saving fish in the canals. In the West, hand-weeding and dredging costs
have been cut 80% with the aromatic solvents.

BNSDOCID: <XP_ .2962278A 1 >
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ners, general solvents, and for dry-cleamng clothes Commercnal forms

E— -yspemally developedJor_mmmmemmol are. avaxlable ’I‘he most

85% (Bruns et al., 1955)

Velocity, temperature, exposure ' time,. and rate all affect results in
treating ditches. But one should not wait until the ditch is clogged seri-
ously. Water velocmes of - to l1 ft/sec produced the best results.

apphed at the rate of 6«10 gal/ft3 'of water per second during 30-60

.....

mm This provxdes a solvent concentratxon of 450-750 ppm.

1

hma beans, carrots, cotton sorghum white clover, lettuce oats sweet :

- corn, potatoes, sugar beets, or potatoes (Bruns, et al., 1955). -

Aromatics are very toxic to fish, crayfish, snails, plankton, and mos-
quito larvae. These chemicals often Kkill fish at concentrations as low as
5-10 ppm. If given the opportunity, fish will usually move from treated
areas. Aromatics cause strong and persistent off-flavor in fish.

Livestock tend to avoid treated water, so there is no apparent danger
to them. Guinea pigs forced to dritik tréated water showed no ill effects.

C_o‘p_per Sulfate

(see Figure 29-1).

2,4-D

Many aquatic plants are susceptible to 2,4-D dissolved in water at rate
of 1-5 ppm by weight (see Table 29-1). To provide a concentration o
1.0 ppm in 1 acre-ft of water, 2.7 Ib of 2,4-D (acid equivalent) are re

quired. Water-soluble liquid forms. of 2 4-D or granular forms may b
used
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tances up to 40 ft. Jn contrast, the granular form falls to the pond bot-
tom, where a relatively high concentration may develop at the soil-water

interface. L o
Fish were kept in 2,4-D sodium salt solution for one week. The LDgq

ppm; for sunfish 2.5-4 in. long, 1000 ppm; and for catfish 5-6 in. long;
2000 ppm (Harrison and Rees, 1946). Thus 2,4-D sodium salt is consid-
ered low in fish toxicity. The same'is true of most amine salts of 2,4-D.

Other work has shown ester forms of 2,4-D to be toxic to fish. Fin-
gerling bluegills suffered losses of 40-100% from the butyl ester of

BNSDOCID: <XP...........2962279A__| >
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392 AQUATIC-WEED CONTROL
2 4-D at concentranons of 1- 5 ppm (Snow 1948) Esters are oxl-hke

.Ester_s.may_b_e,..actmg similar. to oils, or the oil solvents emulsxfymg
agents, or other additives may be killing the fish. When pure 2, 4-D ester
is used in granular form, without surface-active agents, there is consid-
-erably less hazard to fish.

For potable water or irrigation water, use of treated water should be
delayed for three weeks after treatment or until the water does not con-
tain more than 0.1 ppm of 2,4-D acid.

Dalapon

Dalapon 1s especxally effectwe against grasses and cattails. It is best f

applied as a foliage spray. Most species are susceptible if not rooted i in

standing water. Draining is advisable, 1f possible, several weeks before )

treatment with dalapon.

Dichlobenil

at rates of 1-4 lbs/surface acre.
Diquat can be applied by pourmg directly from the container into the
water while moving slowiy m a boat Early in the season stnps 40 ft

is a contact spray, repeated apphcattons may be- necessary to give sea-
sonlong control.

14
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It should :-'n_'dt be used in muddy water because diquat is rendered in-
effectxve by 1'ts t;ght adsorptxon on soil partmles Treated wa’ter should

T %— o_f _t_h_e_: _area should be treated to avoid fish kill through oxygen

de__pletlon

iEndothall

weeds in static and in some ﬂowmg waters However, elodea is:not con-
trolled. It is applied at a broad range of rates—from 0.3.to 14 lb/acre-ft
of water. Lower rates are for algae control and hlgher.; ates fo
watermilfoil, pondweeds, naiad, bass weed, and burreed ‘control.
Treated water should not be used for irrigation, agrlcultural sprays, ani-

used as food three days after treatment

Fenac

for three ‘weeks after treatment It is partlcularly useful in drainage
ditches, ponds, and margins of lakes. However, it is not permitted
where these ‘waters are used for irrigation, livestock consumption, or
doméstic needs. Applications can be made anytime, but a treatment in

the fall before freezing weather gives the best results. The rate is 15-20
1b/acre.

Fluri&oné

Fluridone is a new herbicide for aquatic-weed control. It controls at
least 14 submersed and emersed ‘plants, After application, chlorosis and
a pinkish color show up in 7-=10 days, but full herbicidal effects may
take up to 60 days. About four weeks after treatment, susceptible weeds
begin to sink to the bottom. This slow herbicidal response reduces the
potential of fish kill from oxygen depletion.

2962070A_|_>
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Simazine (Aquazine®)

Simazine may be used in ponds for control of several submerged and
floating aquatic weeds and algae. ‘Control of weeds is usua'lly seasonlong
ment later in the season. Simazine may be used in ponds containing fish.
It should be used only in ponds that will have little or no outflow after
treatment. Simazine should not be used as a spot treatment.

Ponds are treated after seasonal flow has ceased eatly in'the weed and
algae growth period. They should be treated when 5- 10% of the pond
W}_ii:l_:e submerged aquatic wecds are actively growing and beforc they
teach’ the surface of the water. As a general rule, ponds in northern

betwcen Apnl 1 and May 15.

High water temperatures cause more-rapid natural decay of dead
weeds and algae that can cause fish distress; therefore, simazine should
be apphed before water temperatures exceed 75°F

decomposmon of heavy growth greatly reduces the oxygen content of
the water, and this can cause fish distress and/or death.

Algae control requires 1.40-3.40 Ib/acre-ft; submerged weeds, 2.7-6.8
1b; and floating weeds 2.7-5:4 1b.

Use of Fish and Water Following Use of Simazine
1. Fish taken from treated ponds may be used for human consump-
tion. '
2. Treated ponds may be used for swimming,
3. Water from treated ponds may not be used for irrigation or spray-
mg of agncuitural crops, ]awns, or ornamental plantings, or for watermg

unt_l_l ._1_ 2 m_ont_h_s foliowmg treatment v
4. Precauno'n Ponds that have bor'dering trees with roots visibly ex-

3
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ﬂoatmg, (2} emersed ;and (3) submersed Floatmg aquatlc weeds are

not attached to soxl and their tops are above water Emersed aquatnc

aquatic weeds

Algae

decaying algae in water reserv01rs Extremely heavy algae growth may
suffocate fish by depleting the supply of oxygen in the water at night.

Algae are thallus-like: plants with chlorophyll (green color). They may-

consist of a single cell, a single filament, branched filaments, or they
may grow 200 ft long like the giant algae of the Pacific (known as kelp)
(see Figure 29-1). They are often called pond scums or seaweeds.

pea-soup appearance.
Algae are extremely important synthesmers (producers) of food They

Fxgure 29:2. Several submersed aquatlc weeds Left to nght Watermilfoil, coon-
tail, eelweed, pondweed, and largeleaf. pondweed (King and Penfound, 1946.)

kg2
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Figure 29-3. Emersed and floating aquatic weeds. Left to right: Burreed, duck-
weed, white waterlily, floating pondweed. (King and Perifound, 1946.)

water—-both salt and fresh.

Chara (Chara spp.)

Chara is a large, green-algae characterized by branched, erect stems that
have cylindrical whorls of branches along the stem. It is anchored to the
bottom In general appearance lt resemb]es a higher plant T here are

of Central and South Amenca
Tt is a coarse, fleshy plant, forming dense mats in shallow water and
“on mud flats. It has narrow, opposite leaves and short spikes of whitish
flowers (see Figure 29-4).
Alligatorweed depends on vegetative reproduction (stems) for its
spread. Broken-off branches root easily and:spread rapidly.

33
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B

Figure 20-4. Alligatorweed,

Arrowhead (Sagittaria spp.)

Leaves of -this group of plants give it 1ts general name of arrowhead (seé-

Figure 29-5). These plants are usually perennial, reproducing by seed
and tuber-bearing rootstocks. Indians used the tubers as food. The
stems usually have a milky juice. The plant is best adapted to shallow
water or muddy shores. It can usually be found near the edges of the
pond as a marginal weed.

 Arrowhead " Pickerelweed
{Sagittaria latifolia) (Pontederia cordata)
Figure 29-5, Left: Common arrowhead. Right: Pick'ere_iwecd;
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Bulrush (Scirpus spp.)

“THe Bultush genushas ab“'ut"lﬁe‘species-wxdely -distributed.-The-genus -

Scirpus is a member of the sedge family and is not a true rush. Most
grow in marshes, ponds, and lakes. The stems are either triangular or

rounded and sheathed at the base,
‘Cattails (Typha spp.)

Cattails dominate éxtensive marshy areas of the world. They are tall,
grasslike plants with fleshy leaves having no midvein. They spread

_ rapxdly by rhlzomes and by small, airborne seeds. Seeds remain viable

again 2 ft tall Most kmds of cattail are kﬁled if submerged in 4 ft of
water; T, domingensis requires deeper flooding.

Coontail is a submersed aquatic herb with whorls of finely dissected
leaves (see Flgure 29-2) En the sprmg the lower stem may anchor in the

is favored by water nch in organ_x_c m_atenal_

Diickweed Family (Lemnaceae)

Duckweeds are small, stemless, floating plants. They lack true leaves,
but have thickened or rounded fronds. The family includes the smallest
of the ﬂowermg plants Duckweeds propagatc mamly frorn vegetatlve

next sprmg Seed is usually produced sparmgly, or not at all (see Fxgure
29-3). B
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Elodea (Elodea canadensis)

n plant of home aquari-

ums. The leaf is veinless; leaf margins have microscopic teeth. Itsleaves

are attached to the stem in a whorled arrangement. Stems are floating
and usually rooted to the bottom. |
The plant is dioecious. Male flowers break loose or grow to the sur-

face to shed their pollen. Female flowers grow ‘to the surface after fer-

tilization and produce up to-:fii"ﬁc.-sfpi,_rjdle-féhap'e'd seeds. See Figure 29-6.

Hydrilla (Hydrilla verticillata)

Hydrilla was first found in the United States near Miami, Florida, in
1960. It is now widely spread and has become a troublesome aguatic
weed in southern United States and in California.

enter), and Ameérican elodea (right) have
individual plants of all three species vary in length
nd in-the distance between whorls, the scratchy

§ it. (Jack K. Clark, Univeisity of California,

and numbes of Jea

fecl of hydiilla readily distingu
Davis.)

2052270A_1 >
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Hydrilla is a submersed vas’_c'uiar aquatic weed, rooted to the bottom

with long branching stems. The lower leaves are opposite and small,

“whereas the medium and upper leaves are in whorls of fours and eights.
Leaves are verticillate and narrow lanceolate. Hydrilla is easily confused

with -elodea and egeria. Hydrilla has sharply: toothed leaf margins, small

thornlike projections from the lower side -of the leaf midrib, and a

“harsh” feel, The flowers have a threadlike: pedicel. See Figures 29-6
and 29-7. Vegetative reproduction from broken shoots, subterranean

shoots, and turions are more important in its spread than seeds. Hydrilla
grows in water up to 50 ft deep. ST

Pickerelweed (Pontederia cordata)

Pickerelweed has fleshy, heart-shaped to lance-shaped leaf blades that
are easily confused with arrowhead (see Figure 29-5). It has thick,
creeping rootstocks, strongly rooted to the bottom. The flowers are
blue spikes. v

Pickerelweed grows primarily as a marginal weed in shallow water,
and it reproduces by creeping rootstocks and from seed.
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- Watermilfoil (Myriophyllum spp.)” R

AQUATIC WEEDS OF SPECIAL IMPORTANCE 401

~Potamogeton;with-60-species; isthe-largest“genus-of true-aquaticseed— -

plants of temperate reglons (Muenscher, 1944).
Pondweed: plants grow in both fresh and salt water. They grow best in
water 1-2 ft deep, but some specxes rowW in water 6 ft deep or more.

ithh leaves a}ternateiy arranged The stems are ]omted w1th roots form-
'mg at the lower nodes (see Figure 29- 2) .....
the leaf axils of some species, and from rootstock which may produce
tubers.

Deep water with appropnate fert:hzatlon will help to control pond-
weed.

Waterhyacinth (Eichornia crassipes)

Waterhyacmth includes five species, but only one is of major impor-
tance in the United States. It is a tropical plant, confined primarily to
the Southern Coastal States and to California. It is found principally in
ponds and quxet streams.

) kndney-shaped to somewhat rounded.

The plant reproduces mainly by vegetative offsets. Several thousand

new plants may develop during one season from one ongmal plant..

Some reproduction results from seed.

Watermilfoil includes 20 different species with parrotfeather (Myrio-
phyllum brasiliense) and eurasian watermilfoil (M. spicatum) being
troublesome species. The lower leaves are finely divided and threadlike,

each leaf resembling a small, green feather, whereas the upper leaves;

rﬁay resemble bracts (see Figure 29- 2) The plant usually gtow‘s subn

that take root.
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Pond fertilization will help to control watermilfoil species. Light infes-
tations and small areas can be removed by hand

o pmen i i e o

F T T e m R i B -

SUGGESTED ADDITIONAL READING

Bruns, V. E., I. M. Hodgson, H, F. Arle, and F. L. Timmons, 1955, USDA Circular
No. 971.

Burkhalter A. P, L. M. Curtls R L Lazor M. L. Beach, andJ C. Hudson, 1974

Harrison, J.W. W, and E W, Rces 1946, Am. J. Phar. 118(12) 4,

King, J.E., andW T. Penfound 1946 Ecology, 27(4), 372.

Muenscher, W.C., 1944, 4 guatic Plants of the United States, Comstock, 1thaca, NY.
Snow, I. R, 1948 Thesis, Alabama Polytechnic Institute,

Timmons, F, L., 1970 FAOQ International Conference on Weed Control, WSSA,
Urbana, IL, p 357. Available from WSSA. See address below.

USDA, 1980, Agncultural Handbook 565.

Yeo, R. R., and T. W. Fisher, 1970, FAO International Conference on Weed Con-
trol WSSA Urbana IL. p. 450, Avadable from WSSA See address below.

mdcx at'end of each volume,
Weeds Today: Some availability as above.
FAO International Conference on Weed Control, 1970, Same availability as above.
Reglonal Weed Scnence research reports and proceedmgs Aviilable in the libraries

Obtam weed control bulletms leaflets, and-so forth from your State University or
college of agriculture on weed control in aquatic areas.

For chemical use, see the manufacturer’s label for method and time of application,
rates to be used, weeds controlled, and spec:al precautions. Label recommendations
must be foIlowed regardless of statemerits in this book. Also see the Preface. Inclu-
sion or omission of a product name does not constitute recommendation or non-

recommendation of a product,

avorsse - pig ey Sh Mg e
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2,4-D (211)
Herbicide

Xb«062464634 .

NOMENCLATURE
24-D

Gommon name 2 4~D (BSI, E-ISO, (m) F- ISO WSSA); 2,4-PA (JMAF)

CAS RN _{1929-73 3] EEC no. 217.53(}1

2,4-D-butyl

IUPAC name butyl (2,4-dichlorophenoxy)acetate

CAS RN {94-80-4] EEC no. 202-364-8

;IUPAC name dnmethytammomum (2 4-d|chforophenoxy)acetate
CAS RN [2008-39-1] EEC no. 217:915:8

IUPAC name bls(2 hydroxyethyi)ammomum 2, 4-d:chlorophenoxy)acetate
CAS RN [5742-19-8] EEC no. 227-256-8

2,4-D-ethyl v N
IUPAC name ethyl (2,4-dichlorophenoxy)acetate

IUPAC name 2-ethyihexyl (2,4-dichlorophenoxy)acetate
CASRN/ 1928-43-4] EEC no. 217-673-3 Development codes N208 (Marks)

2,4-D-isobutyl

CAS RN [1713 15-1] EEC no. 216-992-5

2,4:D-isocty!

IUPAC name octyl (2,4- -dichlorophenoxy)acetate (mixed octyl isomers)
CAS RN 25168-26-7) (formerly [1280-20-2)) EEC no. 246-704-3

2,4-D-isopropyl

JUPAC name isopropyl (2 ,A-dichlorophenoxy)acetate

CAS RN [94-11- 1] EEC no. 202-305-6

2,4: D-sodlum

CAS RN _{2702-72—9] EEC no. 220-290-4

Copyright © 2003 8CPC (British Crop Protection Council)
Database Right 2003 BCPC (British Crop Protection Council)
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Eeas]

2,4 D-trolamme (2 4-D- tnethanoiamme)

CAS RN [2569 01-9] EEC no. 219-911-1
" PHYSICAL CHEMISTRY

24D"' o

with a slight phenohc odour, M.p. 140 5 °C V p 1 86 % 10 2 mPa (25 °C ‘OECD 104) Kow
logP = 2.68-2.83 (pH 1), 0.04-0.33 (pH 5) Henry 1.32:x 105 Pa m®mol* (calc.) S.g./density
1.508 (20 °C) Solubltlty in water 311 (pH 1), 20 031 (pH 5), 23 180 (pH 7),34 196 (pH 9) (all
in mg/l, 25 °C). In ethanol 1250, diethyl ether 243, heptane 1.1, toluene 6.7, xylene 5.8 (all in
g/kg, 20. °C) in octanol 120 g/l (25 °C). Insolublein etrc_a!eum olts. Mono-n-butylamine salt: In
water 18 g/1 (30 2C). Stability 2,4-D is a strong , and forms water-soluble salts with alkali
metals and amines. Hard water leads to precipitation of the calcium and magnesium salts, but
a sequestering agent is included in formulations to prevent this. Photolytic DTso (simulated
sunlight) 7.5 d. pKa 2.73

-2,4-D-butotyl

Mol. wt. 321.2 M.f. C1aH18Cl204

2,4-D-butyl
Mol. wt. 277.1 -‘M.£f. Ci2H14ClaO3

2,4-D- damethylammomum y
Mol. wt. 266.1 M.f. C1oH13012N03 M.p decomp ¢, 120°C Solublllty In water3 kglt (20 2C).

Soluble in alcohols and acetone. Insoluble in kerosene and diesel oil.

2,4-D-diolamine (2,4-D-diethanolamine)
Mol. wt. 326.2 M.£. Ci2H17CI2NOs

2-4'D'ethyl_ .
Mol. wt. 249.1 M.£. C1oH10Cl203

2,4:D-2-ethythexyl
Composition Isomeric with 2,4-D-isoctyl; sometimes.these names are used interchangeably.

Mol. wt. 333.3 M.1. CvsHazCIan Form Golden yellow, non-viscous liquid, with a sweet,

slightly pungent odour. M.p. <-37 °C_ B.p.:>300 *C (decomp.) V.p. 47.9 mPa {25 °C) Kow
logP.= 5.78 (25 °C) Henry 1.8 Pa m® mol:' (calc.) S.g fdensity 1.148 (20 °C) Solubility In

water 0.086 mg/l (25 °C). Miscible with most orgamc solvents. Stabmty Hydroly&s DTs0 <1 h.

Stable to light, DTso >100 d. Stable at 54 °C. ‘F.p. 171 °C (Cleveland open cup)

2,4-D-isobutyl
Mol. wt. 277.1 ‘M.t. CtgHmClea

2,4-D -'soctyl Coee . L o
Composition Isomeric with 2,4-D-2- ethy!hexyt sometimes these. names are used AR
mterchangeabiy Mol wit. 333 3 A

............................
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fluroxypyr-2-but
xMCPA-dlmethylammonaUm) (BASF)

Mol. wt. 243.0 M.f. CeHsCl2NaO3 Solubility In'water 18 g/1(20 °C).

2,4-D-trolamine (2,4-D-triethanolamine)

~Mol. wt. 370.2 M.f. C14H21Cl2NOs M.p. 142-144 °C Solubitlty In water 4.4 kg/l (30 QC)

COMMERC!ALISAT!ON

History The potent effects of its salts on plant gro
Zimmerman & A, E, Hitchcock (Contrib, ce
history is covered in The Hormone We
Ancom; Atanor; Atul; CAC; Crompton
Nitrokémia; Nufarm Gmbt; Nufatm Lid;:
United Phosphorus

h were first described by P. W.

pson Inst., 1942, 12, 321), and its early
irby- k¢ 9&0) Manutacturers Agrochem,
wAgroSme ces; Krishi Rasayan; Marks;
+Sannong; Sharda; Sundat;

APPLICATIONS

Blochemistry Synthetic auxin (actmg like _mdolylaoehc acid). ‘Mote of action Selectwe
systemic herbicide. Salts are ré: orbed by thé roots; | t esters:are readniy absorbed
by the foliage. Translocation o ith accumulatton pnncipauy at the menstemaﬂc i

of shoots and roots, Acts as a growth hibi or
perennial broad- leaved weeds in'cereals,. mauz :f,sorghum, grassland eslabhshed turf
seed crops, orchards (pome fruit and stone fn
forestry, and on non-crop land (including areas adjac
of broad-leaved aquatic weeds. The
regulator to prevent premature fmtt fall 'in cltru .
broad-leaved crops, especially < cotton, vines, tomatoes -0 amentals lrust irees onlseed ‘rape

andbeet. Formulation types EC; GR; SP; SL.

2,4D

Compatibility Compatibllity depends upon the pamcularformulatcon s 1
‘Agricorn' D’ (FCC); ‘Capri Mak im-Agan): ‘Damine’ (Agrip
“Dikamin' (Nitrokémia); ‘Dyme (PBIiGordo Kay-D' (mnx‘*‘_"

ester) (Krishi (alo‘ cne (Unicrop); ‘U 46

2,/4:D-butotyl

Selected products: ‘Erbitox LV-A‘ (Siapa) -

2,4-D- dnmeihytammon‘ m -

Selected product aton' ’ufarm L1d);"Ded-Weed' (Crompton); ‘Dioweed (Umted

‘Phosphorus Ad ‘;MAG (D wAgroSaences), 'DMA-4' (Dow AgroSciences); 'Haybob iI' .

(SL) {Dow AgroSciences); 'Spritz-Hormin' (Nufarm GmbH); ‘Staf’ -
mbi' (+ M ‘A—d!methy!ammomum) (Siapa); ‘Lancet' (+

y‘1~=methylethy1) {Dow AgroSctences) " 46 Combi Fluid' (+

2,4-D-ethyl
Selected products: ‘Smash’ (Nagarjuna Agrichem)

2,4-D-2-ethylhexy! ‘ o
Selected products: ‘Esteron 6E' (Dow AgroSciences); ‘Esteron 99C' (Dow-AgroSciences);
‘Lentemul’ (Nufarm GmbH) '

2,4-D-isocty! ' “ et et s
Selected products: 'Esterdefore’ (Vapco); ‘Sanaphen D' {EC) (Dow AgroScuences)

2,4-D-isopropyl
Selected products: 'Citrus Fix' (Amvac)

Copyrtight © 2003 BCPC (British Crop Pratection Coungil)
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2,4-D-sodium’
Selected products: 'Safaya’ (Devidayal)

OTHER PRODUCTS
24D
‘Amicide’ (Nufarm
(Cryslal) ‘Dacal
{ester) (Chemia), “Dormone’ (Bayer CmpS ence);
L1d); 'Hedonal'.(Bayer CropScience); ‘Herb 2 |
{gster) (Chemlplant), ‘Mato ); ‘Mortal' (CAS); ;
(Palo), 'F!ago E er) (Ni Statesman' (Dow_AgroScnence ; Syftord" (Vitax);
v : i, Nufarm SA); ‘Weedkiller 4D" (Dow AgroSc‘ences),
\) | : ‘Atladox HI' (+ picloram) (Nomix-Chipman); ‘Campaign®
‘(+ glyphosate is propyiammomu ): (2 4D also as. isopropylamine salt} { santo); 'Certrol
S' (+ioxynil octanoate) {Nufarai SA); Combatran’ (+ plcio - irusoptopanolammomum)
_ as trnsopropanolammomum sa}lt NGes i
| D as tr‘uisopropanol

 4-D:butoty (Dow AgroScnences)
D atso as’ tmsopropano!ammomum salt)

(Dow AgroScnences),-r? C glyphi sopropylammonium) (2, 4-D as the
triisopropylammonium salt) (Dow AgroScietices), ‘Grazon P+D' (+

pmloram»tmsdp nolammoniu 0.as triisopropanolammonium sailt) (Dow
AgroSciérices); "Hat-Trick' (+ giyphos .nqqm) ‘Ho\ster‘ (+ dtcamba+ ﬂuroxypyr)

(SumiAgro); 'KambaMaster (+ dicam a) (!
pxclorarn-tmsopropano!ammonium) (2 4-0:
AgroSc:ences), L n,dmg_s_ r‘(+ glypho

"Iammonlum) (24D also as

) ); "Lonpar (+: lid- -olamine+: MCPA) (2 4 D and MCPA as
amine salts) (Dow AgroSCiehces) New Estermone’ (4 ' -D’
.(Crystal); ‘Nu-Sho' (+ dicamba+ triclopyn) (Nufarm UK ' (+
metsu ron-méthyl) ,-(Nufarm Amencas) ) (D¢ AgroScuences)

: thy)), athway' (
‘Phenoxy 088' (+:2,4- ' {
§glyphosate-lsopropylammomum) {2 4
“Sound' (+ metosulam)(Dow Ags
:(Bayer CrapSc;ence) Sydex

nd); 'RT Master (+

im salt): {Monsanto);

: Bayer Cr¢ pScaence), 'Supertox'{+ mecaprop)

: +"Top Gon' (3 metribuzin), (Piatie);

( TV (+ ptctoram) {(as
PL Camppex'{+ xchlorprop+ MCPA+
}v_entless {+2,4-D- 2-ethylhex9l) (Nufarm

opr ,,panolammomum salt) (Nufarm Ltd);
202 Premium' (+ clopyralid+
1d as tmsopropanolammomum salts) }

ducamba+ tnclopyf) (Cyan
ctehces) ‘Camppex’* (+ di

am) (Dow ‘AgroScience: '
); 'Weed and: Brushkiller «;(+ d{cam a+m

2,4-D-butotyl

‘Aqua-Kleen' (Nufarm Ltd) mixtures: ‘Crossbow’ (+ triclopyr-butotyl) (Dow AgroSciences);
‘Esteron 638' (+ 2,4-D) (Dow AgroSciences); ‘Phenoxy 088" (+ 2,4-D) {Agriliance); 'Weedone
638" (+ 2,4-D) (Nufarm Ltd) Discontinued products mixtures: ‘Envert 171" " (+
dichlorprop-butotyl) (Rhone- -Poulenc); 'Weedons 170" * (+ dichlorprop- -butotyl)

(Rhone-Poulenc); 'Weedone CB' * (+ dichlorprop-butotyl) (Rhoéne-Poulenc)

2.4-D-buty! -
'Drago ester' (Agricultura Nacional)

2.4-D-dimethyiémmonium

Copyright © 2003 BCPC (British Crop Protection Gountil)
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-(mnxxure wlth tmsopro mmo

{Marks;, :Headland), 'HY~D'§. grichem Inl.

4 ena); Weedar 64 (Nufarm Lid);'W (N

WCP? thyilamn omum),(N _arm ,mbH) 'OPD—
' A e’ (+di

P
-dqmeihytammomum) ‘
\SF, ‘Syngenta) Discont ued
it

"’éedm” ster'(+ dicamba-dimeth ‘
2 Plus 2/ *{+ mécaprop) (mecoprop also as d:mathylammomum‘

2,4-D-diolamine (2,4-D- diethanotamine)
'EH 1330' (PBI/Gordon)

2,4-D-ethyl
‘Weedknll‘ (BEC)

2 4-‘0-2~ethythexyl -
‘Barrage” (Helena).‘Brush Fthap |
‘Sav (Plane) ‘Weed Rhap LV

enalin’ (:

(Cénada) (BAS . |
dsword' (+ ca bas 1nclopyr‘hutotyl)
i (BASF), ‘Shotgun’ (+

atrazine) (UA
" CropScience); ‘Weedone 638 So!ven

Lé '6‘&’ (Rhone{:’ou enc) res:
(AgrEvo)

2,4-D-isopropyl
‘Alphaset’ (Nufarm Ltd). 'HIVO|' (Amvac)

2.4- D-sodlum

"Dikonirl {Nitrokémia) mixtures: “Trik' (+ amitrole+ diuron) (Nutarm UK)

titration, by.glc {CIPAC
pp. 6-21), by plc (AGAC. M
: andbook 9 B85, 1(2 21

5¢ "d mixed combmatton producu; by acid-base
/ y ; Hemmdes 1977,

f denvatwes (Pestic. Anal. Man,, 1979, }
1972, 6, 630) or by hple (M Meier 6t al.;
g water, by conversion 10 methyl ester. with diz
-Methods, 17" Ed., 992.32).

- . ‘ ) 5
iethane, then gi¢ wiith ECD (AOAC

F!eviews FAO/WHO 77,79, 80 82, 92\(see part 2 6f
to man, domestic animals and wildlife have t
26, 37). IARC ref. 15, 41: Suppl. 7 ciass chioro
on epidemiology of production. More recent ev
145(1 2), 1061 (1997)) felates this to d:oxm contaming

- bhography) Toxicity and‘hazards
M. Way, Aesidue Rev., 1969,
icides classified as 2| based
inas et al, Am.J. Ep:demzol
early production. Not relevant to
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24-D

LDso for rats >1600, rabbits >2400 mg/kg Skin and eye irritant (rabbits). A skin sensitiser
{guinea plgs) Inhalation LCso (24 h) for rats >1.79 mg/l. NOEL (2 y) for rats and mice 5
mg/kg b.w.; {1 y) for dogs 1 mg/kg bw. ADI (JMPR) 0.01 mg/kg b.w. [2001, 1997]; 001
mg/kg b.w, {1 996] (sum of 2 4-0 and us satts and esters, as 2, 4-0) [EEC] 0 05 ngkg b. w

EC classlfication Xn; R22| Xi; 37, R41lR43| R52, R53: (for salts Xn; R22| Xi; R41| R43| N:
R51, R53; for esters Xn; R22| R43| N; R50, R53)

Oral Acute oral LD so for rats 949 mg/kg. Skin and eye LDso for rais >2000 mg/kg: not a skin
irritant (rabbits); severe irritant 1o eyes (rabbits). Inhalation LCso {4 h) for rats >3.6 mg/l air.

2,4 D-2-ethylhe'xyl

Shght eye nrv v

AD} Due to toxlcblogical equwalence 10 2,4-D, ADI is assumed to be equuvaiem to that for
2,4:D. . _ o L

2,4- D-lSOCtyl

: ,.>3ooo mg/kg NOEL for rats 1250, dogs 500 mg/kg diet.

.. 2,4-D-isopropyi
- ‘Oral Acute oral LDso for rats 700 mg/kg

2,4-D-sodium

Oral Acute oral LDso for rats 666-805 mig/kg.

ECOTOXICOLOGY

2,4:D

Birds Acute oral LDso for Wild dU'Cks >'1 000, Japanese quail 668, pxgeons 668 pheasants 472
toxic to fish, wh'x'lét' others are not. LCso (96 h) for rambow trout >100 mg/l. Daphma LCso (21
d) 235 mg/l. Algae ECso (5 d) for Selenastrum capricornutum 33,2 mg/l. Other aquatic spp.
ECso (14 d) for Lemna g:bba 0.58 mg/l Bees Not toxic to bees; LDso (oral) 104.5 ug/bee.
Worms L.Cso (7 d) 860 mg/kg, NOEC (14 d) 100 g/kg. Other beneficial spp; Harmless to
Tnchogramma cacoec:ae Poec:/us cupreus, Aleochara bilineata.

2,A-D-dlmethy!ammonium
Blrds Awte oral LD so for bobwmte qu’aui 500 mg/kg Oral LCso for bobwhite quail >5620

costatum 0, 23, Navicula pelllculosa a. 1 Selenastrum capr:cornuium and Anabaena
flos-aquae >30 mg/l. Other.aguatic spp. ECso (14 d) for Lemna gibba 0.5 mg/l. Bees LDso
{contact) >100 pg/bee; (oral) >100 yig/bee.

2,4-D-isoctyl _
Fish LCso (96 h) for cut-throat trout-0.5-1.2 mgft.

Copyright © 2003 BCPC (British Crop Protection Council)
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2,4-D-sodium
Birds Acute oral LDso for wild ducks 52025 mg/kg.

ENVIRONMENTAL FATE

24D , }

‘EHC 28 (WHO, 1984), 84 (WHO, 1989). EHC 84 concludes that, when used as
recommended, 2,4-D does not appear to produce direct toxic effects on any animal species.
Animals In rats; following oral administration, elimination is rapid, and mainly as the

after 24 hours, although, with higher doses, complete elimination takes longer. The maximum
concentration in organs is reached after ¢. 12 hours. Plants In plants, metabalism involves
hydroxylation, decarboxylation, cleavage of the acid side-chain, and ring opening. v
Soll/Environment In soil, microbial degradation involves hydroxylation, decarboxylation,
cleavage of the acid side-chain, and ring opening. Hall-life in soil <7 d. Kec €.760. For a review

of environmental aspects of 2,4-D, see Environmental Health Criteria 84 (WHO, 1989). Rapid

degradation in the soil prevents significant downward movement under normal conditions.

2,4-D-2-ethylhexyl v
Soil/Environment Rapidly hydrolysed in soil and water to the patent acid; DTso <1 d.

Capyright © 2003 BCPC (British Crop Protection Council)

Database Right 2003 BCPC (British Crop Protection Council)
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ABSTRACT _

regrow for two, four, or six weeks to S‘i'vaia_(_e‘ treatment at
different stages of regrowth. Herbicide damage and over-
all effects on growth were significanitly greater in the slen-

derstem than in the broadstem biotype, probably reflecting

w7";t\.sazi‘xs'laini Prolessor, Crgp_:Scicncc Department, North Carolina State
University, Raleigh, NC 27695. Received for publication March 11, 1991
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INTRODUCTION

ium or: puuss:um
hiloriite veporied vop |
romunderwaier stems

3
lmt mpscl regrowth 02
found 1940, -z Bmg
bicides developed sine
etfective because of limiited ; ’
ground and underwater bioy (W(_Idfm 1960, Anuny—
mous 1968, Julien and Bro nt 1980). Poor herbicide
translocation in alligatorweed has been attributed to sev-
eral factors, Zar Bu:gcr al; (19()1) mdlmted that abm)rmal
growth of ragt cell pri ' ’
‘tissiies and pre
buds'seem partially resi
-cause.of the Iz ck-of
vascular system
reported tt di
carnbd '(2-mcthmx
herbicidal activily
when thé vasealay
the: ey were well difl
‘mdmlabclled 24-D (24-d
{Earle ‘et al. 3951) qand glypi
thyl)glycme] (’1 ucker et al.
'he

y
a)'axendy €n
16-thie parent plam s

dichloroben; OIC ac:rl) pmduccd
illary bui il o
Hissuég betw

P oz

in’ allngatorwce Aua subsequgm study. 17 pe
applied ‘imazpyr JB-dihydroz4-methyl-
ethyl)-5- oxo-Jqumdazo]-Q yl}-3-phyridi
was recoveréd.in theroot system eight day

incontrast.io only one percentof glyphosate €
1987). .

Evidence exists that at leds two ""‘orphologl lly
tinét tforms of alligatorweed ai
States (Qmmby eval, 1976,.K

in 1esponsc to 2 plant gx owth egulat

80, 29a-tetrahydioxy-24a- yI-B-he
lestan: B-on¢) (2 rs Ainpu
these “miorpholagically distinct
physiologically '
phy mlog

en:conducted 1o coms
pare. Lhe response of morpl1olog1cally distinct alligator-
weed biotypes to herbicides.
Qumclorac reccmly Was mti oduccci by BASF Corpora-
.............. 1 d s indicated by the man--
ufacturer to have; y-on dlhgdnm weed. The objective
of .this study was 16 ‘deterimine Whéther or not two mor-
phologically distinct alligatorweed blotypes would respond
similarly to quinclorac application.
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MATERIALS AND METHODS

Two greenhouse studies (spring and summier) were

conducted in 1989 to evaluate the responses of two mor-

phologically distinct -alligatorweed ‘biotypes to quinclorac,

A broadstem biotype (ter mmology afler Kay and Haller
1982) originally collected from Tangipahoa, Louisiana
(designated BSA), and 4 slenderstem biotype originally col-
p near Bladenboro, North

 were grown hydropomcal]y in

Carolina (designiated SSA), we
small pno]s in@a gre_cnho_u_se during the fall and winter of
1988 using a-full:st englh modified Hoaglands nutrient
(Quimby and Kay 1977),
Foliar j each ies,
five 10-cm steiri cmmxgs o g:nhcr BSA or SSA were pliced
info 1‘3 ¢m scontaining Metromix 22002 potting
wére pldced into hydropomc culture in
above 1g allow the plant-cuttings 1o es:
em pno to trédtment. Durmg h
:]unc 3, i989),‘_
: e 4

er 401 8 weeks plior o
\|egtow This wai dorié (o Simu-
rowth (4 and 8 wieks)
ich occuts in' the f” e]d
: 1 each growing e
stige wasadded during the ccond .eesl
{ o Sépiember 19, 1989) 1o simulate very ealy
se. Towth, Plinis Werg nied at 30 % 8 Cunder
a natural photopcrmd throughout the rooting permd and
for the duraton of both studies.
~ When the plants had reached ‘the proper growth stage
(ie. 2,4, or 8 wks. regrowth), they were plated into a
spraying cabinet at the BASF 'labomtmy At Research

Triangle Park, North Carolina, and treated with

-quinclorac at ratesof 0.3 or 0.6 kg a.i/ha. -BAS 009 0025

rfactant (1.25% v/v) was ised with the quiriclorac(this i is
the surfactant containied i the commercial quinclo '
solution -of Rodeo®: {glypho-

thpyresponsc of the plants 1o that
1 herbicide. Treated plants and controls’ were
placed in the greenhouse for dhservation. Five poLs of un=
ticate s hpp at the surlace of the sub-
} or 48 hr, and w ‘ghe

the outset of thc tc L

4 ¢.th weiiient of the herbxdde jiito
the root zone and facxhtate evaluation of basipetal transio-

cation, Weekly, 100 ml of nutrient solution was added to

eachi pot by subirrigation.

Plant injuiy was rated: v:sually (0 o 5 scale, where 0 = -

no damage and 5 = compléte. kill) one, two, and four
weeks after treatment. Injury rating is defined as zero for
controls. Above-ground biornass was harvested four weeks

’Melromlx 2%0isa registered trademark of Grace Horticuitural Prod-

ucts Co,
*Facet is a régistared tradéitiark 6f BASF Corp.
‘Rodeo is & tegisiered trademark of Monsanto, Inc.
*Induce is a registered trademark of Helena Chemical Co.

J- Aquat. Plant Manage. 30: 1992.

actant was used as & positive.
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aher treatment. lenmm.xlcutungs (10-cm) from her bicide-
damaged stems were placed into test: tubes containing tap
w.uu ‘lnd mdmtamcd in giowth chamber for 10 days
and 80/25 C day/night temper-
_ hbnluy The remaining above-
gmund biomass was ccpamtcd mto live and dead tissues,
dried, and wc1ghecl as described prevmusly Stem cuttings
used for the stem viability test were dried and weighed
after thie evaluation period, and dry welghts were added
to the total biomass: Thie pols containing the root systems
were leftin the gréenhouse and watered via subirrigation
for four additional weeks to observe regrowth. All re-
growth was harvested, dried, and weighed as described
above,

[ lu.se tésm were established in a comp’letely ran-

growth slagcs, And ihree herbicide rates thh five

per tréatment. Growth data and visual ratings wer
jected to an analysis of variance using a’ yhree-wa nter ac-
tive:model, The controls were not included in the dnaiysls

ul wsual herbmde injury symptoms, as Lonqul ratings until b

Com})ar ison of leaf and stem chmacterzsacs ‘An additional
10" stems of cach biotype were -collected {rom the
greenhouse stock cultures to determine: possible differ-
encés in feaf areas per unit weight of shoots. Stenis for this
proceduie were clipped at the base of the internode below
the sixth fuIly expanded leaf pair. This: position was cho-
sen hecause it ‘represents the limit -of ‘nonsenescent leaf
tissue (leaves below this pmnt frequently have abscised in
: Lca_vcs_ were removed,
. Lamnbda® leaf area
meter, Lengths of stems and mternodes also were meas-
ured. Tissuies were dried ard- wslghed as described above.
Differences between the means were separated using a T-
test

"n_ng uf 1990 Lo address quesnons concernmg
-qumclorar. uptake and translocation in these
hnotypes Stem cumngs (as descnbcd above) were rooted
for two we | the:

uon) J? he
snu darly ; ,
ce.of an uppi
AL /ha had bee

bl‘.f‘lC‘I of ten smaii dmplets five along cach side of the

“anbda ita regi:tered trademark ol Li-Cor, Inc,

7 Aquat Pl(ml Manage. 30: 1992,
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- symptoms are qune snmxiar to those induced by apphcanon

apphed with a_syring a
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miclvein in the center of the leaf Jamina of o single leaf
from the third fully expanded leat pair. The treated leal

:dlw.lys was on the hmgu of the two shoots arising, hom.

will be dcslgnatcd a5 the prmmr) shoot. The shorter of the

two shoots ammg from thc aplcdl nodc of the stem cuttmgs

was replicated ﬁvc times, The: dlame{ets ol lhe nodes im-

medialely above (designated node 4 1) and below (node

- 1) and adjacent o (node 0) this leaf pair was me.isured

A rubber band was lopped over the leaf to mdrk the loz:a-
tion of the third fully-expanded leat pair at time 0 for both
foliar ‘and root-absorbed herbicide tests to Facilitate the re-
]o(.auon of thns posmon for bUbSBqUCIIl observations. An

______ '_gqvg growth rates (RGR) using the fmmuh (W,
W(,)l'(W(; XTI ) whae W,, g dry weight at time 0, W,
= the number of days

gathh detel minations. Data were sub}ected to an ana]ysxs

of varmnce, and treatment means were separated using

the Duncan’s Multiple Range procedure (Steele and Torrie
1960).

RESULTS AND DISCUSSION

Foliar application tests, The two biotypes used in this
study (BSA and SSA) differ substantially morphologically
when grown under identical conditions in either the field
or greenhouse, Internodal diameter, length, and cavity size
are larger on the broadstem (BSA) than on the slenden stem
and acuteiy pomted in contrast o the broader and _more
roundcd leaves of SSA

of phenoxy herbicides such as 2,4-D on alligatorweed (Sol-

. 'ymosy 1967) and other plants (Ashton and Crafts 1973,

Klingman and Ashton 1982, Ross and Lembi 1985). Leaf
mialformation has been noted previously in studies evaluat-
ing quinclorac for broadleaf weed control in broccoli

{(Herbst and Derr 1988). Damage symptoms were distinctly
more pronounced on SSA than BSA in both tests. These

symptoms also appeared to be slightly greater on both

biotypes following treatment in August.

Exposure to quinclorac reduced total shoot hiomass
and percent new growth, and increased percent dead tissue
in both biotypes (Tables 1 and 2). There were no signifi-
cant three-way interactions in these tests. Interaction be-

‘tween biotype and herbicide rate was highly significant (P

> I = 0.001). Differences between biotypes were more
pronounced on plants treated at the later stages of growth
in both tests (P > F. = 0.05). This pattern probably is a
function of greater leaf surface area for absorptnon of the

37

14



XP008086947

I3
[

CEARE L VISUAL INJURY AND GROW LU OF BROADSTEM (USA] ANIY SLENDERSTEM (§S4) ALLIGATORWEED HI OTYPES N THEGREENITOUSE FOLLOW. ©

INGACRHNCLORAT APPLICATION, DATA SHOWN ARE FOR'THE TTST CONDUCTED [N THE SIRING OF 1989,

37(‘;_10‘\_;}_!1 4wk Visunl
raatnint Biotype Stage Raings Biomass A % New Growth Q%Dcml ~ Regrowth
Conieul BSA 4k ot 95.3 (4.4) 71.8 (4.9) 1708 12 0%
0.3 kyrha 2.2 (0.3) 15.2-(4.1) 511 (18.5) 88 B 06 (v4)
0.4 kgfha 2.2 (0:3) 153 (2,6) 53.2 (7.6) 8.9 3.0 03 (o
Controf 8SA 4 ks W 14,7 (3.9 68.9 (11.6) 0.1 (0.3) 14 (0.9)
0.3 kgfha o 8140 68 (1.1) 36.5 (9.8) 2.1 (60) L1 @D
0.6 kgfia 8.6 (0.1 5.4 (14) 18.1 (18.8) 467 (108) 08 (0)
Contro! I3SA 8wk #i 327 (14.9) 56.3 (20.5) 1.8 (1.7) L7 (0.5)
0.3 kgfha 2.4 (0.8) 23.3 (6.8) 46.3 (114) 71Q26) 06 (0.9)
1.6 kgfha 2.4 (0.4) 261 (10.9) 45.0 (29.4) 12180 03 (09
Contral SSA Hivks w 214 (2.9) 60.2 (5.5) 07 0.9 14 09
0.3 kpfha 3.1 40.2) 8.1 (1.4) 6.1 (184) 30.3 (5.3) 1.0 (09)
0.6 kgfhia 84 (.5 78 (1.9) 9.5 (178) 92.1 (89) 06 (0.9)

* Al data are the nicaiis OF § veplicitions; vaties in parentheses are one standard: devigti
damage and 5 = compleie. kill. All b
cansistently killed by the treatnient,

*Controls not inctuded in thie analysis o0 visudl dati 45 ratings ave arbitrarily set as zero (variance = 0),

plant growth as observed in the plants clipped for the ini-
tial biomass at the:outset of the tests. Glyphosate gave es-
sentally complete kil of both the shoots and the root/
rhizome systems-at-all stages of growth in both tests (data
not shown). Regrowth following quinclorac treatment was
significantly reduced in the 8-week-old plants of hoth
biotypes in.the. fitst test but not in the second test. Re-
growth (rom glyphosate-treated plants was negligible in

§

both tests {data not shown). These data suggest that
tion of quinclorac was poor an lif-

th probably were nothiologically signif-
teh ih the soute of dbsor por
through the roots
86; Stovicek and |
¢ ‘absorption

dt

vi Penner 1986)
may occur:through other
(Reeyes el al. 1986; Wegener 4rid

on. Visual ratings aic on the scale of 0 to 5, wlvléfc ¢ = a0
foniss aied growth data are reported as i dry weight, Data for glyphosate are not shown, s planis were

f-

m
),

TABLE 2, VISUAL INJURY AND GROWT11 OF BROADSTEM (BSA) AND SLENDERSTEM {S5A) ALLIGATORWEED BIOTYLES IN THEGREENHOUSE FOLLOW-

ING QUINGLORAG APPLIGATION, DATA SHOWN ARE FOR THE TEST CONDUGTED IN THE SUMMER OF 1989,

' CGrowih  wk Visual ’ -
Treatment Biotype : Ratings Biomass % New Growth % Dead ~ Regrovwith
Coritrol BSA w0006 8@ 31(4) 0203

0.3 kgfha 9.5 (0.6) 47 (1)) 718 (7.6) 1.0 (15)  0500)

0.6 kg/ha 2.3 (0.9) 446 (1.0) 717 (58) H2.(34 0.4 {0.9)
Coittral S5A 2 wks i 4.3(0.8) 88,5 (2.1) 9.8 (4.1) 04 (0.1

0.8 kgrha 9.9 {0.4) 1.4 (0.3) 61.0 37.1) 40.8 (25.4) 05 (0.2

0.6 kgtha 5.8 ¢0.9) 1.5 (0.9) 676 (5.9) 487 (12.8) 04 {01}
Caiitrol BSA 4wks e 26.6 (3.5) 66.1 (0.4) 2.8 {1.0) 0.1 (0.1)

0.8 kghi 3.1 (0.5) 17.0{3.0) 465 (8.9) 22,0 (10.8) 0.2 (0.3)

0.6 kg/hia 2.7 (0.4) 20.7°(4.5) 564 (6.8) 148 (32)  0.1-{0.0
Control $SA 4 wks L 14.9 (14.1) 67.7 (10.5) AT QR0 0.2 (0.0

. 0.3 kgtha 8.7 {0.4) 107 (4.7 313 (24.9) 536 (18.6)  -0.1:(0.1)

0.6 kg/ha 3.8 (0.4) 18,0 (3.2) 47.6 (12.6) 416 (7.3) 0100
Control . BSA 8wks v 54,1 (6.9) 59.9 (5.0) 1.3 {0.5) 0.2 (0.1)

0.3 kgtha 3.2 (0.4) 27.3 (6.6 16.7 (25.5) 160 (68) 0.1 {0.))

0.6 kgha 2.9 (0.2) 28,7 (6.4) 22.1 (18.1) 9.3 (2.6) 0.1 (0.0)
Control " S§SA 8wks e 34.9 {7.6) 495 {14.7) 3.3 (0.9) 0.2 (0.1)

0.3 kgfha 3.6 (0.5) 17.3 {8.5) ~18.7 (45.8) 38.2 (15.7) 0.1 (0.)

06 kgﬂla ] 3.1 {0.2) 23.2 “.n 255 (14.9) 23.9 (6.0) Q.l [

'All datz are the means of § replications; values in parenthescs are one siandard deviation. Visual ratings are on the scale of 0 to 5, where 0 = no

damage and 5 = complete kill. All weight data are reported as g dry weight. Data for glyphosatc ar

all plants,

*Controls not included in the analysis of visual daia as ratings are arbitravily set as zero (varisnce = 0).
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Tamed, (umu\msrm QF- lm LEAY ,\Nusrm CHARAC rmrsrl(sm BROADSTEM uw\s ANI)\HNI)I RETEM (SSA) ALLIGATORWE uumu yois!

I.imtypg

( ‘lnzu'.'u"lvris‘[ic _ BSA Signilicance,
Slmm i)mm.m ;‘ 29 " ‘().4‘2‘ kil
!m.sl k‘nl area, cm ok 1018 +:94.4 *
F 5.3 4 1.3 : NS
cal wesigh * 040 = 0,13 »
‘spu th.k‘d[ wugln m;,n‘cm & 88 = 0 w2
Stem length; o -4 321 & 6. *
Stesi weight - 0890 = 043 hic
Spudlr stent weight, mglem 87 = 1, 275 2 7.6 i
ciniterbade length, cm 33+ 06 3.7 % 6.6 NS
Leal areashizot hiomass ratio & 24.0 83.0 = 2010 i
Leal areaistein length ratio 0.5 38 04 ‘NS
I,cufurcu'ﬁmln weighl mu’n 3 7540 126.0 .2 51,0 e

Significantly greater reduction occurred in total shoot
bmxmss and pelcent new gmwth of SSAat the later gnowth ‘

at-all growth stages
nees in Tesponse were
; 1ch effectively integrate
quantitative effeus on biomass. wnh plant appearance.
Comparisor of leaf and stem characleristics, It is uncertain
whether or not differences in the responses of these two
alligatorweed biotypes 10 foliar applications of quinclorac
are the results of morphologit_al variation or ‘innate
: A comparison of shoot cuttings
rc'nhouse-grown plants of both

growth, as. substannal varition in- pl
wnthm each biotype at the outsel of both téi.u;

ol uptake. There were no significant dif-
ferences between the two biotypes with respect to the time
interval untif the appearance of epinasty and nodal swel-

lmg following either leaf or root treatment with quinclorac

whel eas therc

-of “leaf “dpplication of quinclorac,

in this experiment (data not shown). Both nodal sweliing
and epinasty appeared more-slowly in secondary shoots
than in primary shoots following leaf treatment, in contrast
to the: apid and uniform appearance of symptoms
in hoth shaat following root treatment. The appearance
of ep following quinclorac treatment was slower than
! reviausly (several hours) for a]hgawrweed
ications: (Solyiosy 1967). The two-

forithe devciopmcn of the-timorois growths and callous
fissuies obseived in'the two previous tests.

Dry biomass production was consistently greater in
BSA than in SSA regardless of route of treatment (Table

4), Leaf application of quinclorac resulted in sighificantly
.greater reduction of ncw growth in SSA than BSA,
e nu significant differences in néw

between the two biotypes

o Significant

ypes alter eithier root
“The differences in re-
sponse between the two biotypes are quite dear, if the data
are expressed as percerit reduction in RGR. The reduc-
tions in RGR followmg leaf and root treatment were 15
and 44 percent, respectively, in BSA; RGR reductions for

ences in RGR hetween ;

“SSA were 33 and 57 percent, respectively. This clearly sup-

ports the evidence from the first two tests which indicated

Vardable

‘B.SPA'I"Leal'

SSA/Cantrol SSA/Leal SSA/Root BSA/Control
Stémwi., g 071 (031)b 047 (0.20)¢ 0.22 (0.07)d 166 (0228 071 (028 b
Leafwt,g 0.36 0.04)bc - 028 (0.08)cd  0.17 (0:04)d 052 (0.12)ab- 047 (0.24)ab
Root wt..g 1.24 (0.8) a 104 (0.8%ab 051007 d 079 (0.09bc - 0.64 (0.14)ed
Biomass, g 232 (064)b 178 (0.45)¢ 000 0.42)d. 2.97 (0.3%)a 1.82 (0.33) ¢
New growth (g) 1,59 (0.44) a 099 (0834)b  044°(010)¢ 140 (018) a - 0.67 (0.96) be
% new growth 6840 (3.80)a  54.90 (7.80)h  48.30°(5.00)b 47.40 (460b  56.10 (10.40)c
RGR(g/g day) 0.15 002)a 008 002b 006 (0.0 be - 0.06- (Oﬂl)bc 0.04 (0.02) ¢
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1 of thig ‘xpenment wasol sufﬁuendy long

v owmg__joot i atmenL;
The RGR of SSA controls was sxgmﬁcandy greater than
that'of BSA contédls; but thcrc we K

S|



‘BNSDOCID: <XP,

-explain thednconsistent patterns of respons

-quinclorac and-other herbicides at locatian's h:
-ent alligatorweed biotypes and experimeritation

‘under project NCO5671 .of th

EELTN

resihs of this experiment suggest that root absorption and

Xylem inspor: are: nwore impoviant i foliar uptake

and phlocin teanspart of quinélorac in alligatorweed anj:'l
explain thic-lack of herbicide symptoms on-the regrowth in
the initial tests, These observations dve consisient with
those of previous studies with quinclorac on other plants,
which indicate that the primary route-of uptake would be
through the root system (Peirson and Carter 1986). Earlier

research also has suggested that herbicide uptake by.al-

ligatorweed occurs more readily via the voots than foliar

in both qualitative and quantitative growth characteristics
[ollowing root treatment as compared with foliar treatment
also support the earlier suggestion that bioty pic differences

in response o foliar applications of quinclorac may have
been the result of morphological differences (leal surfac
characteristics such as waxes or epidermal hairs) between
the biotypes. This conclusion must be accepted with cau-
tion, as the actual amount of herbicide entering the plants

following root treatment may have been substantially dif-

ferent than that entering the “plant via application to a
single leaf. Uptake through the roots also may occur more
readily than that through the léaves because of the lack of
harriers to absorption (ciiticular waxes, etc.), which are ab-
sent in the roots. ‘

The results of this stiidy siiggest that broadstem al
ligatorweed may be more tolerant to herbicides such as
quinclorac than slenderstem-alligatorweed:and may

reported previously for alligatorwee

|
wider range of environmental conditions are needed ‘to

clearly substantiate differences in herbicide tolerance

~among alligatorweed biotypes. Micromorphological difTer-
-enices among biotypes which may affect foliar herbicide
-absorption_ (cuticle thickness, leaf pubescence, etc.) also

should be investigated.
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