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MT:.101 is a selective herbicide (Anonymous 2000) that

conrrols annual and perennial broadleaf weeds, such as mon-

ochoria lMonochorii uaginatis (Burm. f) Kunfl ,r."t- plan-

uginea Sths-Laub. *"4 Sagittgria py.gmfu!-Mig', .in 
trans-

pr?"..a rice in Japan (Qr"1tl4" et-il. 1986a). It is usually

lpp[ed ro fooi.i p"4dl.fields as a granular formulation

(iiitas. and Kishi ligz). The recommended applicariglrate

is 2 to 3 kg ai ha- 1 and is effective both P.It:T::g:1:t (PRE)

(Hirase er-al. 1999) and posremergenc_e_(fosr) (Hirase and

igshi lg97). It has auxin-like activiry (Thkasawa et al. 1975)

and reportedly affects ruberization and RNA tyi!!:sis (Ko-

b"y"rftl and ichinose 1985; Kobalashi et al. 1933) of Cy-

ptrut serotinzs Rottb. and Eleocharis kryroguwai Ohwi.
' 

MT:101 has no herbicidal activiry, bui one of its metab-

olires, NoB is highly phytotoxic (Thkasawa et al. 1982) (see

Figure 1 for cheirical rtt,r.ture of MT-101 and NOP). In

f^Zr, MT- 101 is hydr o\lrzed to NoP by soil_ microorganisms

(Hirase et al. L999; oy"-ada and Kuwatsuka 1990; Ta"naka

er al. 1991) and se,r.ral plants (Oyamada and Kuwatsuka

l9B2; oyamada er a[. 1985, L9B6a, 1986c). The formation

of NoP'from MT-101 by leaf disks of .s. Uyaea was con-

sidered to be an enzymatic reaction because heat treatment

and trichloroacetic acid inhibited NOP formation (Oy"-

mad.a et al. 19s6b). MT-101 is also hydrolyzed to NoP in

aqueous solution in sunlight (Oyam ada and Kuwatsuka

rqgo. MT-101 apptied into paddy warer as a granular for-
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The effects of MT- 101 and its herbicidally active form, NOB on the germinatton

and seedling growrh of hemp sesbania and rice were investig"l.9. MT:101 decreased

the ger*ir,"'tiZn of hemp sesb"ni" bI 57 and90o/o at 0.05 and 0.5 mM' resPectively,

1 d after rrearment (DAT) in petri dirh.r. The germination, however, recovered such

that there was no significant diff.t.nce berweet tteatments 4 rc 6 DAT- NOP com-

Of.*ft inhibited th! germination of hemp sesbania at both 0.05 and 0.5 mM 1

bAf.' However, g.r*ilarion also similarly recovered, and _there 
was no difference

berween rreatme"'tr 4 to 6 DAT Neirher'MT-l0l nor NOP decreased the ger*i-

nation of rice 3 to 6 DAT. In greenhouse trids preemergence JPRE) 
application of

MT-101 ar Z.iS kg ai ha-l d."creased the densiqy (num-ber of plants P.",,l),_plattt

h.,gh., and dry *.lght "l !:pp 
sgbania by 

lli.el , and 9|o/o, r€sPectively. 
'!7'hen

"pp"ti.a porr.-.rg.#. (poST), I'lr-101 at 2.25 kg hl-ldecreased the densiry plant

lr'.'igt,, l"d dry #.ight by " maximum of 58,61, and 82o/o, relr.ectwely, indicating

th"I MT-l6l may hl.'e gr."r., activiry when applied PRE. NOP had greater activiry

than MT-101 "" h.-p"'sesbania. Nbp ar Z.ZS kg ai h".t decreased the densiry

pl"r6 height, and dry *.igh, of 
.hemp 

sesbania 99,-78, and 97o/o, resPectively, with

irng "ppTi.*ion. A posf *pplication of NoP "l 2.?5 UgI"-l decreased ,h.. dry

*.-gh,'ir n.*p sesbania 91 r; 94o/o. AlRE applicarion "r NoP at 2.25.!s 
!"-t

d..i..r.d the dry *.ight of rice by 58o/o. Rice ** not affected by POST applications

of MT- 101 b.rt *", i'ff..red slightly by NOP. These results suggest that MT:101 is

a possible weed control agent in rice'

Nomenclature: MT:-101, (naproanilide-common narne fPprgved 
by the Jap1lt:'

Mi;i*ry f"r ngticulture, ForeJtry and Fisherie s), 2-(2-""phthylo>qy)prop,ionanilide;

NOB 2-(Z-napithyloryj propiorric acid; hemp sesbanial Sesbania exaltata (Raf.)

Rydb. ex A. \r. rtitt Sgggx; rice, ory* satiua L. 
'Lemont'; 

cotton' Gossypium

hirsutum L. 
'Deltap\ne 

54L5'-

K.y words: Herbicidal effrcacy, crop injury dry weight, densiry plant height'

mulation may be transformed to NoP in soil, flooded water,

or plants to exhibit auxin activiry.

Rice is tolerant to MT:101 (Oyamada et al. 1985). The

tolerance may be caused by differendal uptake of MT:101

and NOP. Siginaria pygmaea absorbed rwice as much MT:-

101 and irs m"erabolitesls did rice seedlings, and S. pyPdea

accumulated larger amounts of MT-101 and NoP than did

rice seedlings (bya*ada er al. 1985). There was a close

correlation 5.*..n susceptibiliry to the herbicide and con-

cenrrations of MT:101 ""d NOP in tissues of rice and sus-

ceptible weeds (Oyamada et al. 1986a)'

Hemp sesbania is an annual legume that. g{ows

It is found throughout the southern [Jnited States (Lorenzi

and Jeffery L9B7l and is considered ro be one of the mosr

common and troublesome weeds in two of the 13 southern

srares (.webster 2000). Hemp sesbania reduced rice grain

yield more than did the other broadl eaf weeds in densiry

L"p.ri*enrs (smith 1988). In rice this weed can be con-

,ri[.d by several herbicides, such as acifluorfen, quinclorac'

propanil, triclopyr, and 2,4-D (Akkari et al. L9B2; Anony-

mous 1999; Smith L982; Street and Mueller 1993). Phe-

noxy herbicides control hemp sesbania but may cause 
1"j"qy

in ,ig if applied after the-late tillering. ro early jointing

srages (smith et al. L977). Moreover, neithe r 2,4-D nor tri-

.i;?tr off.rr residual weed conrrol in rice (Street and Muell-

er 
.l'993). 

Aerial application of 2,4-D has been used for
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Frcuns 1. Chemical structure of MT:l01 (naproanilide) and NOP'

broadl eafweed conrrol in rice but has been severely restrict-

ed because of drift *a-frrytotoxiciry on coffon (Street and

Mueller 1993).
.we explored the possibiliry. of using Mf:l01 as a herbi-

cide ro conrror hemp s.sb"'i" in diiect-seeded rice. This

srudy .*"*ir,.d the effects of MT:101 and NoP on ger-

mination and seedlinf gto*th of hemp sesbania and rice'

and their oin.roxiciry on corron because of the potential

for injury from drift'

rwo leaves). Plants of hemP. t-.:bania were thinned to 1 8

plants por-t f"; POST-I "tta 12 plants, ?o'-1 
for POST-2'

i d before "ppti."tion. Rice *T 
^"ot 

thinned' The reason

for the variouJ d.rrrities was to insure ProPer herbicide cov-

eragewith ,h;. POST treatments- Th;-application rates of

both compounds were 0.25, 0.75, 2.25, 
^"r,d 

6]5 kg ha-l

for each of the three "pp1i."riort timings. In e.ach application

comporrrrd, *ere disrol r.d in a solution consisting of water-

acerone (20:g0, v/v) containirg 0.1olo Triton x-foo.3 Seed-

lings .r."r.i-*irn ini, solutioi without MT-l01 or NOP

served as controls fo, .".h "qpri.ation time. No appreciable

effecr of this sorution was obr.*.d on the parameters ob-

tained ir, ,hi, ,i"dy. The solutionf we-re applied with a man-

uary pressu r\zed n"r,i'iP.t*;i fi.,.d *i,h an 9004 nozzle

an4 pressuiir.d ro 30 pli "" the boom; sPray volume was

500 L ha- I . The gr..thouse temPerature varied berwee n 25

and 33 C, and ""t"'i rifrt' y;- supplemented by sodium

""p"; i"-Fio pto,rid. a"l|-h PhgrgPeriod' 
Pots were wa-

tered on tir. soil ,,rrf".. ", n..i.d- Two weeks after appli-

carion, the densiti.t 6;-u.t of p.lants pot- l) and heighrc

of the ,**i"i"f pl"rrts were ,..ord.d' For the plant height

evaluatiorr, 10 ?i"n.r-1n ."+ P9t were selected at random

and measured, and if the d.roiqr was less than 10 plants

pot- t, .n. fr.igh" "f ;ll 1ft p.lants were measured' Then'

plants were hirresr.i [y clipping at the 
,soil 

surface' dried

in the ,"rri.;;ho,rr. for'i *f, and the dry weight Per

pot determined.

To .*"*irr. the phytotoxiciry of MT-101 and NoP on

coffon, seeds were sown in 1O-cm .plastic.P:" 
containing a

Bosket ,*r,fr i;;; ,"ir--"J tiny-t"i* 
plus5^(t:1, v/v). At the

rwo-le"f ,rfi.,-pl*r, *.t. ir.*.d with MT-101 and NOP

and maintained in ,h. Ir.."rtouse as described earlier. The

dosage of these compo,r"nd, was 0, 0.02 5, 0'075' 0'225' and

0.67,kg rta-1. Plani injullyas estimated visually 3'7' end

14 DAT .rrirrg a 0 to l OboZo scale with 0 rePresenting no

injury and 100 representing complete .kill' 
Injury was.de-

fined as symproms srmilar t[ thos! attributed ro auxin her-

bicides, ,rr.hl* -"lformation and growth reduction'

Data Analysis

The experimental design for the. germination test and

greenhoT; trials was a i"rrdo- ized 
-'complete 

block with

rhree to to,rl. ,.pti.arions. Each experim:tt'Y"t t:ryj::l' No

interaction ** observed in the germination exPerlments

and gr..nho.rr. trial runs, th.r.6r. data were Lombined

over 'me. There was an interaction for herbicide treatment

and rate for the germination test and cofton tolerance ex-

periment, and "rr-irr..r".tion for herbicide treatment' appli-

carlon ,r*i"g,-;J rare for the greenhouse- experimenrs.

Therefor.,--rii.r. data are pr.r.nt.d separarely. Data were

subjected ro regregion "rrfyris ro obtain linear and nonlin-

ear equations (Table 1) '

Results and Discussion

Germination Test

Germination of untreated hemp sesbania began 1 
DAT

and reached a maximum that *"r-grearer than 7h'/o 3 DAT.

MT-101 decreased germination of"h.*p sesbania by 57 and

90a/o at 0.05 and 0.5 mM,-,espectively' 1 DAf (Figure 2)'

However, there *.r. no differ.rr.., in germination berween

Materials and Methods

Germination Test

MT_r01 and Nopl were dissolved in dimethylsulfoxide

(DMso) "J "aa.a ro deionized warer to obtain final con-

centradons of 0'05 and 0'5 mM herbicide and 0'5o/o

DMso (v/v). seeds "f-i,;d sesbania and rice werg.placed

on one l^y* of \il{/h"*"" 5lr., pape? in ^ petri dish (60

mm in diameter and it-;* d...ipi: Two.millilirers of MT:

r0r or Nop solutiorr-*", "dded'to each dish' Deionized

warer containing 0.5a/o DMSO (v/v) served as a control'

Twenry-five hemp sesbania and 15 rice seeds were placed in

each dish. Different numbers of rice and hemp sesbania

seeds were *.d based on weig\r. This allowed It approx-

imately the *. w-9ighi of ,.Edt Per qetri dish for the two

species. The- petri.disies were *t"PP-t151 aluminum foil

ro keep ,..a, in the dark and werl placed in a thermostat-

ically controlled irr.,rl"*r at 24 C'^ Seeds that germinated

were counted and ,.*o,red from the dishes 1' t 3' 4' and

6 d after rreatmenr (DAT). The germination criterion was

2-mm radicle emergence lor hemfr t.tb*nia (Johnston--et al'

|979) and l-mm coleoptile .-.,g.''.: for rice. Different

radicle "r,l ;"l."ptile i.igrhr-*."-ttsed for the two species'

ro insure that the radicle"and coleoptile had fully emerged

from the seeds.

Greenhouse F,:rP eriments

Twenry-five seeds of hemp. sesbania or rice were planted

in 10-cm plasdc Pots containi1g soil' Th9 -soil 
was a Bosket

sandy to"ri, (firr.lto"-y, *tT.O,"th.t*ic Mollic Hapludalfs:

43o/o sand, 48a/o rilr, i% clay, 1.51 o/:. olganic maffer' PT

,.4). No comm.r.ii fertiliz., *", added'-The comPounds

were applied PRE, pbir-r (hemp sesbania, coryledon; rice'

one leaf), and POST-2 (hemp ,.rb"nia, two ffue leaves; rice'

Hirase and Molin: Effects of MT-l01 387



T,q.srs 1. Regression equations and correlation coefficients (l) for naproanilide and NOP.

Figure Compound Plant species

Concentration
(mM)/application

dming/DAT" Regression equationb

Naproanilide

Naproanilide

Naproanilide

Naproanilide

NOP

NOP
NOP

NOP

Naproanilide
Naproanilide

Naproanilide

Naproanilide

Naproanilide

Naproanilide

NOP

NOP

NOP

NOP
NOP
NOP

Naproanilide

Naproanilide

Naproanilide

Naproanilide

Naproanilide

Naproanilide

NOP

NOP

NOP
NOP

NOP

NOP

Naproanilide

Naproanilide

Naproanilide

Naproanilide

Naproanilide

Naproanilide

NOP

NOP

NOP
NOP

NOP

NOP

Naproanilide

Naproanilide

Naproanilide

NOP

NOP
NOP

sesbania

sesbania

sesbania

sesbania

0.05
0.5
0.05
0.5
0.05
0.5
0.05
0.5

PRE
POST-1
POST-2
PRE
POST:1
POST:2
PRE
POST:1
POST:2
PRE
POST:1
POST2

PRE
POST:I
POST-2
PRE
POST:1
POST:.2
PRE
POST-1
POST:2
PRE
POST-1
POST-2

PRE
POST:1
POST:2
PRE
POST:1
POST:2
PRE
POST-1
POST-2
PRE
POST:1
POST:2

Hemp

Hemp

Rice

Rice

Hemp

Hemp

Rice

Rice

+
+

! :

v :
t :
! :

t :
t :
v :
v :

-3.45* + 35.3x
-6.09* + 59.0x
1.76x + 92.6
- 1.05x + 101.4
-8.39* + 73.9x
-5.23* + 56.2x
-4.56* + 42.9x
-4.63* + 43.8x

+ 12.5
+ 37.8

53.r
57.2
3.95
r.46

r) + 35.2
x) + 66.1

n + 65.0
x) + 99.7
x) + 107.4
x) + 96.7
t) + M.6

n + 52.1
x) + 55.4
x) + 78.8
x) + tol.z

n + 95.2
x) + 35.6
x) + 47.6
x) + 61.6
x) + 86.6
x)  + 101.4
x) + 99.9
x)  + 2I .4
x) + 36.3
n + 52.6
x) + 62.2
x) + 88.3
x) + 94.9

x) + 12.1
x) + 38.8
") + 34.2
x) + 92.3
x) + 103.0
x) + 107.8
x) + 4.96
x) + 33.5
x) + 26.8
x) + 50.5
n  +  88 .5
x) + 94.5

4.42x + 0.16
9.99x - 0.09

+ 33.8x -  1.09
+ 20.8x * 0.31
+ 24.5x + 0.09
+ 48.4x - 0.BB

0.99
0.96
4.92
0 .  1g
0.86
0.96
0 .81
0 .91

0.94
0.95
1 . 0
0.78
0 .2 r
0 .82
0.83
0.93
0.98
0.95
0.38
0.62

0 .  16
0.87
0.97
0.98
0.0003
0.63
0 .31
0.99
0 .91
0.94
0.7 L
0.27

0.86
0.97
1 . 0
0.65
0.02
0.74
0.73
4.93
0.95
0.97
0 .5  1
0.09

1 . 0
1 . 0
1 . 0
0 .95
0.98
1 . 0

Hemp sesbania
Hemp sesbania

Hemp sesbania

Rice

Rice

Rice

Hemp sesbania

Hemp sesbania

Hemp sesbania

Rice
Rice

fuce

Hemp sesbania

Hemp sesbania

Hemp sesbania

Rice

Rice

Rice

Hemp sesbania

Hemp sesbania

Hemp sesbania
Rice

Rice
Rice

Hemp sesbania

Hemp sesbania

Hemp sesbania

Rice

Rice

Rice

Hemp sesbania

Hemp sesbania

Hemp sesbania
Rice
Rice

Rice

Cotton

Cotton

Comon

Comon

Cotton

Cotton

! :  
- 1 5 . 9  l n

! :  -22-7 ln

! :  -22.6 In

! : -4.48 In

! :  
- 1 . 9 3  l n

! : -4.69 Ln

! :  
- 1 0 . 5  l n

y :  -28.3 ln

! :  -32.2 ln

! :  
- 1 0 . 6  l n

y :  - r . 27  l n

! : r-82 ln

I
T
v
v
v
v
v
T
v
T
T
T

- -  1.35 ln

- L.73 ln
_ -3.43 ln
- -0.06 ln
:  -3.31 ln
_ -4.69 ln
_  - 1 1 . 9  l n
:: -6.91 ln
_  - 1 1 . 3  l n
_ 3.90 ln
:: -1.29 ln

y :  -4.88 ln
y :  - 1 8 . 1  l n

! :  
- 1 0 . 1  l n

y : -5.64 ln
y : -0.75 ln

! : -7.66 In

!  :  - 3 - 1 1  l n

! : -20.5 ln

!  :  -16 .4  ln

! :  
- 1 0 . 5  l n

! : 5.40 ln

!  :  - 3 .19  l n

! : 19.4* +

! : r8.3* +
y : -12.5*

y :  - 1 1 . 8 *

! : -9-50./

!  :  -36.9*

'Abbreviadons: DAI, days after treatment; POST, postemergence; PRE, preemergence.
b l nF igu re2x i sDA landy i s t hege rm ina t i on (o /oo f con t ro l ) .  I nF igu re3 r i s t he ra te ( kg1 t " - t ) , andy i s t hedens i cy (o /oo f con t ro l ) . [ nF igu re4x

is the rate (kg ta-t1, and7is the plant height (o/o oFconrrol). In Figure 5 xis the rate (kg ha-l), andyis the dryweight (7o ofconcol). In Figure 6 xis

the rate (kg ha-t), and.7 is o/o injury.

3
7

T4
3
7

I4

samples receivi.g MT- 101 and the controls by 4 DAT. Ger-

mination of untreated rice began 2 DAT and increased until

4 DAT, when at least B9o/o germination of the control was

achieved. MT- 101 had no effect on the germination of rice

through the experiment.

NOP completely inhibited hemp sesbania germination at

388 ' 'S7'eed 
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both 0.05 and 0.5 mM 1 DAT, but as with MT:101, oo

difference occurred bennreen NOP and the control by 4

DAL NOP reduced rice germination by 32o/o 2 DAT at

both 0.05 and 0.5 mM. However, germination recovered,

and there was no significant difference berween the treat-

ments and control 3 DAL Hemp sesbania seeds can ger-
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F r cun r3 .E f f ec to fMT :101 (nap roan i l i d -e )andNOPonh . . - p . sesban ia

and rice densiry. Compou"dr qpplied POST-I to hemp tt+T11,1'^'h'

coryledon stage and to ,i.. "t ,h. otttjeaf growth smge' and POST:-2 to

hemp sesbania and rice ", ,lr. r*o-l."lgtoi.h ttzrg1-$t*p sesbania: O'

pRE; I, PoiT-l; A, posiz. Rice: O] pnn; tr' Posr:l; A' Posr-2'

pos[ posremergence; PRE, Preemergence. verdcd bars rePresent standard

errors. Regr.rsioi .q.r.tions are ptesented in Table 1'

reduced yields in rice, a1{^fi:l.dt decreased as the duration

"f fot"petition increased (Smit\ 1968) '

Plani h;Ghrr of untreated hemp sesbania after PRE'

posr:l, "rf, posT-2 applications were 13.5 t 0.6, 19.1

t 0.4, and l7-l t 0'4;;, resPectify'^:td those of un-

reated rice for PRE, POST:I, and PosT-2 were 18'1 t

0.6, 23.5 t 0.6, and 26.3 t 0.7 cffi,. resP,:.1Tlly. Plant

il;;hr-reducriorr'of h.*p sesbania with Mr-101 applied

pRE or posr ranged fro* 35 rc 690/o at 0-25 to 6.75 kg

ha-l (Figure 4). CE*r"lly,.rh: reductions were larger with

pRE than *irn posT "ppii."rions. Berween the rwo Posr

ffearmenrs, MT:l0l was more efficacious when applied at

posT:l than ar posT:2. Similar results were obtained in

Nop uearmenrs. The decrease in height of surviving hemp

sesbania seedlings was 36 to 860/o, de-pending on thTPlll

cation rare. PRE applications were g.."_.i4l more effecttve

than POST rrearments. MT:101 "ia NoP had no effect

on the height of surviving rice with posT uearmenrs. on

rhe other 
"hil; 

Mr-101" reduced height by as much as

Days After Treatment

Frcunr 2. Effect of MT:101 (naproanilide) and NoP on hemp. sesbania

and rice g.r*ir,*riot. O, hemp sesbania.0'05 mM; O' hemp sesbania 0'5

mM; A, rice 0.05 mM; A, rice 0.5 mM' Vertical bars represent standard

.rrorr. Regression equations are Presented in Table l '

minate over a broad temperature range' under a low osmotic

pot.rrti*l (lA bars) *rrd'at soil deptLs up to 12 cm (John-

i;^;;. 6lgl. These ProPerties may confer comPetitive

advantages to the weed 9,r.t .topt. In ihis experimtl' MT-

101 and Nop retard.ed hemp rob*nia germinariolby only

Z ro 3 d. fltir delay in g.t*ittation miy be insufficient to

orovide rice with " .o*letitive advantage over hemp ses-

il"ti" at the earlY stages of growth'

Effect on Growth of Hemp Sesbania and Rice

MT:101 and NOP reduced hemp sesbania dentiry (num-

b., oi pt""rr 
-p*-i1 

.gpplred wiih the untreated conrrol,

a.p."alrrg ol'th. application rate gtgy:J)' The densiry

of untreated hemp t.ib"ttia for PRE, POST-I, and POST-

2 was 21.3 t 1.7, 19.3 t 3-3, and 12'3 t O'2 glgts Pot-r'

;;i;;.iy MT:I01 lpplied 
PRE at 2-25 and 6]5 kg ha-'

d.ir."sed it. densiry by "t least 8ia/o. 
'when 

MT-101 was

ildJ 
pOSf the i..i."te in densiry was. ottry T 

t:-78o/o

,f,'6.7j kg ha-r. These results indicate that MT-101 was

*or. .m.?.io,r, on hemp sesbania when applied PRE'
--- 

The efFect of Nop on hemp sesbania densiry.was greater

than that of MT-101. Applied pRE, NoP reduced plant

densiry 99 and 100%o ^t ii1 and 6:75 tg.hi- 1, respectively'

Densiry reductions were 79 to 86o/a and 95 to 100o/o at

2.25 and 67; Uj ft"-t, resPectively, applied POST' This

resurt was .*p..,Ja i" that NoP is ihe alti re form of MT-

101 (TakaJ#;;;;. D82). MT-101 must be transformed

to Nbp b.for. exhibitirg herbicidal activiry on hemp ses-

bania.
pRE and posr applications of MT-l0l affected the den-

siry J ,i.. consid.i"Uty less ̂than 
that of hemp s.esbania'

The densiry of ,-,rrrr.",.i rice for PRE, POST- 1 , and POST-

2 was 22.0 -{- 1.4, 21.7 t 1.2, and 22J I 0'5 plattlt.Pot- 1'

respectively. D.nsiry reduction was less than 10o/o with most

MT:l0l rrearmenrs. Nop did nor decrease rice densiry after

pOST rp;[*;i;; but decreased it 23 rc 4la/o when applied

pRE ar i.ZS ro 6.75 kg ha-r. \rith regard ro densiry re-

duction, rice is appar.rrriy more tolerant ihatt-h'-p sesbania

ro MT-l01 and NOp, particularly with PosT3pplication'

Densiry ir-rl"r;;ght ,o b. an importanr factor for competi-

tion berween weeds and crops (vanDevender et al- 1997)'

competition from l.3i ro s.q' hemp sesbania plants o'-2

0 2 4 6 8 2 4 6 8
Rate (kg ha-t;

Frcun' 4.Effect of MT:r0l (naproaniride) and Nop on height of surviving

hemp sesbania and rice. C.;dund; applied POST-I to hemp sesbania at

rhe coryledon srage and to ,i.e "t th. tn.-leaf growth stage' "ttq POST-2

to hemp sesbaniai"a ,i.. "t-th.-.*o-1.{ glgl.ii"*:aTemP sesbania: O'

PRE; I, POST-I; A, POSf-Z' Rice: O'"pnE; D' pOSf-l; A' POST-2'

POST, posremergence; PRE, Preemergence. 
vertical bars rePresent standard

errors. Regressioi .qt'*tions "" pttttnted in Table l '
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FrcunE 5. Effect of MT:101 (naproanilide) and NoP on hemp sesbania

;"a ,ic. dry werght. Compounds^applied POST-1 to hemP tttflia-at the

coryledor, ,,*g. La to riie at the 
-one-teaf 

growth srage, and Posr-2 to

heit ,esb"nil and rice at rhe rwo-leaF gtgyq t3gl.I:lp s.esb111: O,

PRE; l,  POST:I; A, POST-2. Rice: O, png; n,-POST-I; A' POST:2'

posT, porr.*.rg.tr".t PRE, preemergen:e. verticd bars rePresent standard

errors. Regressioi .qtt"tions *te ptesented in Thble 1'

20o/o, dependi.g on the PRE 1Pe_!i119" 
rate. Height re-

d,r.tio' tf r*r*Inirg rice by NOP PRE applicatio.n ,to*
015 rc 6.75 kg ha-T *"r 46 rc 57o/o. These results indicate

that MT:101 irra Nop were more efficacious for height

reduction in hemp sesbania than in rice'

Plant height rnay be an important factor in the comPe-

dtion berweln hemp sesbania and rice. MT- 101 treatment

increased the difference in height berween the rwo species.

For example, in the POST:I ti.*ttt ent the ^v:r?ge \eig!t1
of untreaied hemp sesbania and rice were 19.1 and 23-8

crrr, respectively. The height of surviltlg \.ry 
sesbant3y*

12.1, 8:5 ,7.4, 'and 6.7 cln at 0-25, 0.75, 2-25, and 6'75 \g
h"-1, respectively. The height-of rice was 25.0, 22'5, 25'0,

and 24.1'cfil, t.ip..tively, it the same rates. Thus, MT- 101

rrearmenr might^ benefit rice reladve to hemp sesbania in

their mutual io-p.tition for light. Hemp- sesbania, which

grew much taller-than northern .loinwetch \aeschynomene"uirginica 
L.), was mgrg co.*p:titive ro rice than northern

joiiwetch because of !h. shadin' of rice (Smith 1968).
' 

The dry weight of unrreat.d hemp sesbania for PRE,

posT:l, and pbsr-2 was 0.44 J 0.03 , 0.74 + 0.09, and

0.58 + 0.08 g Pot-l and that of untreated rice for PRE,

POST:I,  and iosr-2 was 0.18 t  0.03, 0.4I t  0.03, and

0,46 t 0.03 g pot-I. The effect of MT-101 and NOP on

dqf weight *ir examined, and a similar tend.?.y.to that of

densiry 
"'*"t 

observed. Generally, h.TP sesbani" lil-weight
was dlpendent on application- rate_Qt^g:t: 5) PRE Tpli-
cations were more .fhL.ious than Posr MT-101 reduced

dry weight of hemp sesbania more than 90o/o at 6.25-\9

ha-r "p[[ed PRE and from 75 ro 93o/o at 2.25 and 6-75

kg ha-^l^wirh POST applicatio_n, NoP decreased hemp ses-

binia dqf weight 97oh-at 0.75 kg ha-r and 100o/o at 6.75

kg ha-t *ith Fnn and 9l and 1b0% at 2.25 and 6.75 !g
#- 1, respectively, with POST "pplication- The difference in

efficacy b.tr..tt PRE and POST applicattons might be

partly the result of the higher sensitiyiqf of hemp sesbania

io NOp during emergenci thln at the coryledon or rwo-

leaf srage. Ut'tOf dld not affect -th_e_{ty 
we.ight of rice

berweei O.Z; and 2.25 kg ha-l with PRE application. The

reduction in rice dty weight with NOP PRE treatment

ranged from 32 ro 68Vo. PoST applications of MT-101 did

390 ' \7eed Science 50, MaYJune 2002

o'2 
Rate ,11 n*', 

0'6 o'8

Frcune, 6. Injury from MT-101 (na-proanilide) and NoP in coffon. com-

pounds *...'"ppti.a "._, ,q" rw-o-teaf stage. MT:101 meatments:''' 3 DAT;

f,7 DAT; t, ' t4 DAT. NOP tre"tments: O,3 DAT; J'7 DAT; A' T4

DAT. DAT, d"ys after ffearment. Vertical bars represent standard errors.

Regressiott .q,ritions are Presented in Thble 1'

nor affect rice dqr weight significantly. r!:r: results indicate

that rice injury from ilar-101 applied PosT is slight. How-

ever, NOP'^ppr rs to be phpoio*i. to rice, and injury from

PRE application is high.

Effect on Cotton

Injury by MT-101 and NoP in cotton was examined

becaus.'",r*in-cype herbicides applied aerially to. rice injure

coffon by drift (Srr.., and Muelier l99il. Knowledge of the

potentij injury by these cgmPounds in coffon is an im-

portan, *"ik i .on.ern in the United States. In this exqer-

i.rr..,. the rare of both compounds was 1/ 10 of that used in

rhe rests described previousiy in order to aPPIo-ryT"l..phy:

totoxiciry from drift. Neither MT:101 nor Ngq injured

conon ar 0.025 kg ha-l POST 3 ro L4 DAT, but th.er

caused 1 to L6o/o Injuqf at 0.07 5 to 0.67 5 -L<g ha- 1, de-

pending on the rate-_(Figure 6].S.nerally, there were no

iiff.t.ri..t in injury betiveen MT:101 and NOP' and we

conclude that boih compounds are potentially phpotoxic to

- cofton.
In conclusion, MT:101 and NOP reduced the growth of

hemp sesbania whe n 0.25 rc 6.75 kg h"-1 yr "p!li:d PRE

or post and herbicide efficacy was higher PRE than

posT. MT-101 had no effect on rice with PosT applica-

tions but had a slight influence on rice growth PRE. NOP

applied PRE had a-signi9.ryl.Fcr on rite growth,and ottry

"'Jlight effect when lppfied POST. MT-101 may be an ef-

fe.tiie weed. conrrol *[.nt for hemp sesbania in rice. The

potential for drift injr-riy on neighboring cofton is low but

Present.

Sources of Materials

1 MT-101 and NOB Mitsui Chemicals, Inc., 1144Togo' Mo-

bara-shi, Chib a 297 -00L7 , JaPan.
2 tVhatman #1, Fish.r S.i.ntific, 7Ll Forbes Avenue, Pimsburgh,

PA r57r9.
3 Triton X-100, Sigma Chemical co., P.o. Box 952968, St- Lou-

is, MO 63195.
a Hand sprayer, H. D.

Michigan Avenue, Chicago,

Hudson Manufacturing Co-, 500 N'

rL 60611-3748.



s 
Jiffy-mix Plus, Canadian Sphagnum Peat and Vermiculite, Jtffy

Producis of America, Inc., I119 Lyon Road, Batavia, IL 60510-

4303.

Literature Cited

Akkari, K. H., R. E. Thlbert, J. A. Ferguson, and J. T. Gilmour. 1982.
lWeed control sysrems in sprinkler-irrigated rice. Proc. South. \feed

Sci. Soc. 35:67 .

Anonymous. 1999. Delta Agriculrural Digest. Clarksdale, MS: Intertec

Publ ishing.  pp.  149-176.

Anonymous. Z-OOO. Pesticide Dictionary. Farm Chemicals Handbook 2000.

\Willoughby, OH: Meister Publishing- 403 p.

Hirase, K. a"d D. Kishi. 1997. Diffusion of naproanilide from 1 kg gran-

ules containing a floating carrier and its herbicidal efficacy. J.'\?'eed

Sci. Tech. 42:250-255.

Hirase, K., D. Kishi, and S. Koda. 1999. Naproanilide disappearance under

flooded conditions in some granule rypes and their herbicidal efficacy.

J. \feed Sci. Tech. 44:29-36.

Johniton, S.K., R. H. \falker, and D. S. Murray. 1979. Germinadon and

emergence of hemp sesbania (Sesbania exaltata). \feed Sci- 27:290-

293.

Kobayashi, K. and K. Ichinose. 1985. Effects of naproanilide, gibberellin

and BAP on tuberization of Cyperus serotinus arnd Eleocharis kuroguutai,

perennial paddy weeds. Pages 49-54 in Proceedings of the l0th Asian-

Facific \X/eed Science Sociery Congress. Chiangmai, Thailand.

Kobayashi, K., K. Ichinose, H. Hyakutake, and K. Ishizuka. 1983. Effect

of naproanilide on tuberization and RNA synthesis of Cyperus serotinus

Romb. 
'Weed 

Res. Japan 28:43-5A.

Lorenzi, H. J. and L. S. Jeffery. 1987. \(eeds of the United States and their

Control. New York: Van Nostrand Reinhold. 180 p.

Oyamada, M. and S. Kuwatsuka. 1982. Absorption, translocadon and me-

rabolism of the herbicide naproanilide, 2- (2-naphthory)propionanilide

in rice plant. J. Pestic. Sci. 7:9-14-

Oyamadu, M. and S. Kuwatsuka. 1986. Photodegradation of the herbicide

naproanilide in aqueous solution and in surface water of fooded soil.

J .  Pest ic .  Sci .  I  l : I79-187.

Oyamada, M. and S. Kuwatsuka. 1990. Degradation of the herbicide na-

proanilide and its hydro]ry.{ product in pgrfused soil and by a bac-

renum rsolated from soil.  J. Pestic. Sci. l5:8l-87 .

Oyamada, M., T. Tanaka, Y. Thkasawa, and T. Takematsu. 1985. Selectiviry
' 

and absorption of the herbicide naProanilide in rice_ plT.t 
.!9'y*

satiua L.) and Saginaria Pygmaea Miq. J. Pestic. Sci. 10:469-474.

Oyamada, M., T. Thnika, Y. G-k"s"r"a, and T. Thkematsu. 1986a. Absorp-

rion of naproanilide by several plants and effects of other herbicides

on its absorption. 
'Weed 

Res. Japan 31:124-129-

Oyamada, M., T. Tanaka, Y. Takasawa, and T Takematsu- 1986-b.-Enzyme
' 

hydrolysis of naproanilide in leaf discs of _rice 
plants and Sagittaria

plgmaea Miq. 
'Weed 

Res. J"P"" 3l : I 30-135.

Oy"-"ia, M., T. Tanaka, Y. Takasawa, and T. tkematsu. 1986c. Meta-
' 

bolic fare of the herbicide naproanilide in rice plants (Oryza satiua L-)

and sagittaria pygmaeaMiq. J. Pestic. Sci. l1:197-203.

Smirh, R. J - lr. 1968. 
'Sfeed 

competition in rice. 
'Weed 

Sci. 16:252-255.

Smirh, R. i., it 1982. Effect of aiifuorfen and mixtures with propanil on

rice. Proc. Rice Tech. \Working Group I 9:80-81 '

Smith, R. J., Jr. 1988. \feed thresholds in southern U.S. rice, Ory* satiua-

\feed Technol . 2:232-241.

Smith, R. J., J., \7.T. Flinchum, and D. E. Seaman. 1977- lWeed Control

in U.S. Ri.. Production. U.S. Department of Agriculture Handbook

497. 78 p.

Streer, l. E. ""d t C. Mueller. 1993. Rice (Ory"n satiua) weed control with

soil applicadons of quinclorac. \feed Technol . 7:600-604.

Takasawz, f., K. Igarashi, and T Ta.kematsu. 1975. MT-101, a selective

herbicide for t'i... Pages 96-95 in Proceedings of the 5th Asian-Pacific
'Weed 

Science Sociery Conference- Toyko, Japan.

Thkasawa, Y, T. Tanaka, M. Oyamada, K. Igarashi, and T. Yoshimoto'

L982. Selective activiry of 2-(2-naphthoV)propionanilide (naproani-

lide). Pages IVd-t 0 in Proceedings of the Fifth International Congress

of Pesticide Chemistry. Kyoto, Japan.

Thnaka, T., M. Oyamada, K. Igarashi, and Y Thkasawa- 1991. Plant

growrh-regulating activiry, and photgly{: and microbial dec,omposi-

Iion of oplical isomers of naproanilide. 'Weed Res. J"pan 36:5A--57.

VanDevender, K. 
'$(/'., 

T. A. Costillo, and R. J. Smith, Jr. 1997 - Model of

rice ( Ory* satiua) yield reduction as a function of weed interference.
'Weed 

Sci. 45:218-224.
'Webster, 

T. M. 2000. \fleed survey-southern states. Proc. South. \7eed

Sci. Soc. 53:247-274.

Receiued December 5, 2000, and approued Nouember 17, 2001-

Hirase and Molin: Effects of MT-101 39r


