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Quinclorac and bensulfuron
direct-seeded rice
(Quinklorak dan bensulfuron -

padi tabur terus)

M .  A z m i "  a n d  A .  I .  A n u a r "

- potential herbicides for

racun herba yang berpotensi untuk tanaman

Kev words :  d i rec t  seed ing ,  qu inc lo rac ,  bensu l fu ron ,  mo l ina te  +  2 ,4 -D IBE.

Ec hin0ch loa crus- gall i

Abstrak

Dua jcn is  racun hcrba  yang baru .  qu ink lo rak  a tau  nama kod BAS 514. .H

dan bcnsulfuron atau nama kod DPX-F53|,1 tclah diuj i .  Sepert i  molinat pada

kadar  3 .0  kg  a . i . /ha  +  2 .1 -D Isobut i l  es te r  ( lBE)  pad i i  kadar  1 .0  kg  a . i . /ha ,

quinklorak pada kadar 0.25 kg a. i . /ha digunakan l0 hari  selcpas tabur (Hl-T)

didapati  bcrkesan mcngawal Echinctchloa cnts-gul l i  ( l - .)  Bcauv; manakala

be nsulfuron pada kadar 0.03 kg a. i . /ha t idak berkesan. Walaupun quinklorak

dan bcnsulfuron menvcbabkan kesan l ' i totoksik yang scdikit  tcrhadap anak

benih padi buat semcntara waktu. kawalan rumpai vang meluas telah dicapai

dengan kombinasi pcnggunaan kedua-duanva. Sungguhpun quinklorak

bolch di jadikan altcrnati f  selepas molinat + 2..1-D IBE. kombinasinya

dengan bcnsulfuron bole h di jadikan pi l ihan yang baik bi la kawalan terhadap

rusiga juga dipcrlukan. Hasi l  padi didapati  lcbih bergantung terhadap

kcberkesanan pcngawalan E. t ' rus-gal l i  dcngan racun-racun herba yang diuj i .

Abstract

Two new herb ic ides .  qu inc lo rac  or  known as  BAS -51 ;1 . .H and bensu l fu ron  or

known as DPX-F-53U,1 were evaluatcd. Quinclorac at 0.25 kg a. i . /ha. appl icd

10 days after sowing (DAS) complctcly control lcd Echinochloa r:rus-gal l i

whose eff icacy was comparable to that of molinate at 3.0 kg a. i . /ha + 2.4-D

Isobuty l  es te r  ( lBE)  a t  1 .0  kg  a . i . /ha  wh i ls t  bcnsu l fu ron  a t  0 .03  kg  a . i . /ha  d id

not providc anv control.  Both quinclorac and bensulfuron caused sl ight, but

tcmporary phytotoxic cffcct on r ice secdl ings, control of a broadcr spectrum

of wccd specics was achievcd whcn i ippl ied as mixturcs. Although quinclorac

could wcl l  be an altcrnativc choicc ovcr that of mtt l inatc + 2,4-D IBE. i ts

application in combination with bensulfuron would be a bcttcr substi tute i f

thc control for scdgcs was also nccded. Grain yicld was largely dependcnt on

the eff icacv of control ctf  E. crus-gal l l  with the tested hcrbicides.
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Introduction
A change of  r ice cul ture to d i rect  seeding
from t ransplant ing has brought  about  a
shi f t  in  r ice weed communi ty .  Grassy
wceds. espcciallv Echinochlou crus-gall i
(L . )  Beauv. ,  has become increasinglv
important .  Y ie ld reduct ion of  as much as
414/r, has bcen reported to be caused by
E. crus-gall l competit ion alonc ancl when
present  together  wi th other  weed species a
greater  y ie ld loss is  exper icnced (Azmi
198-5) .  Mol inate at  3.3 kg/ha whe n appl iec l
7 davs before seeding (DBS) or  1.1 davs
af ter  sowing (DAS) has been shown to be
cf fect ive (L im and Azmi 198-5) .  However.
the current  recommended pract ice is  to
cc lmbine mol inate wi th a phcnoxv
herbic idc.  such as 2. ,1-D IBE for  a
broader spectrum of  contrc l l  (Anwar
1  986 ) .

Quinc lorac (3.7-d ichloro-8-
quinol inecarboxyl ic  ac id) .  a  new herbic ide
of  BASF Akt iengesel lschaf t .  commonlv
known  as  BAS 514 . .H .  has  been  repc l r t ed
to bc effective against Echinochlou spp.
when appl ied at  germinat ion to t i l ler ing
stage.  The ratc suggestcd ranges between
0 .15  and  1 .0  kg /ha  depcnc l i ng  on  the
cl imat ic  envi ronment .  r ice cul ture and thc
growth stage of  Echinochloa spp.  ( iV{cnck
e t  a l .  1985 ) .  Hadcn  e t  a l .  (  l t )S . i )  anc i
Clarro l  and Crawford ( l9E-s)  a lso found
quinc lorac to be an outstandinglv e l ' lcct ive
hcrb ic ide against  Echinochlou spp.  at  2-3
leaf  s tage when appl ied a lone at  0. -5-  1.0
kg/ha.  The chemical  acts main lv  r . ' ia  the
soi l  on germinat inu and emcrgine
E,< 'h i rutchloa p lants.  Whcn i r  rvas appl icd
()nto satura led or  c l rv  soi l .  hcrb ic ic ia l
c i f ic iency was improved bv ra is inu thc
water  lcvel  f 'or  a shor l  per ioc l  at ter
apl icat ion.  Quinc lorac can u lso bc appr l icd
in  con rb ina t i on  w i th  manv  o the r
herbic ides such as bcnsul furon to prov ic lc
a broader spcctrum of r. ' , 'eed cctntrol.

Bensul furon (methyl -2- [ [ ( .1 .6-
d i m e th o xpvri m i cl i n -2-."- I ) a m i n o -ca rbon v I l
aminosul fonl , l  methyl ]  benzgate)  or
commonlv known in coded form as DPX-
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F-5384.  is  used as pre-cmergence and car lv
post-emergence herbic ide i r r  r ice.  I t  gave
good contro l  on broadleaves and sedges
when uscd at  0.03 or  0.04 kg/ha
(Peudpaichi t  e t  a l .  198-5) .

The objective of this studv was tcr
evaluate quinc lorac and bensul furon.
a lone and as tank-mixture.  to  contro l
wecds in d i rect -seeded r ice.

Materials and methods
- l -h is  

s tuc[  was carr icc l  out  at  the
cxpc r imcn ta l  l i e l d  i n  MARDI  R i cc
Rcsea rch  S ta t i on .  Bumbong  l - ima .
Seberang Perai  dur ing the of f -season
1986.  Mol inatc + l . - l -D IBE,  was inc luc led
as stanclard t reatment  beside the wecclv
(unwceded) check.  

- fhe 
deta i ls  of  the

herhic idc t reatments and thei r  rates r . rsecl
i r re grvcn rn Tuble | .

Table t. Herbicicle trcatnre nts

He rh i c i dc R a t c  ( k g  a .  i .  h a  )

Qu inc l o rac  +  Bcnsu l f u ron

Quinclorac t -  Bcnsul furon

Quinckrrac + I lcnsul furon

Quinclorac + I lcnsul t i r ron
Qu inc l o r r r e  I  Be r r s r r l f u ron
( ) u i n c k x i r c '  I l c t r s u i l L r r o r r

l J t nsu l l u ron  a l onc
(J t r r r t c i o r l r t ' , r l onc

\ l o l i n u t c  r  1 . l - D  I I I F .
[ .  nu  ec t i c t l  ( chcck  t

I  he crper intcnl  was arrangecl  in  a
randomised contp letc  b lock c les ien
rcpl icatcc i  thrce t i rne s.  Lrach t reatnrcnt
p l t t t  t t tc i tsur ing " i  n l  I  j  r r t  * l rs  sur t ; i i - r l r
l t t t l t i r . ' t i  r r  i l h  r t r t l .  P rc - t ] e  l n t i t t l r l e  d  . . . .  t i .  , , 1
ncc cul t ivar  \ {R 8-+ \ \ 'c rc  s() \ \ .n  on Mav l ( ) .
l 9So  a t  t hc  ra l c  o l  60  ks ,ha .  l - hc  l i c l r i  u l s
rnun r l l r t cc l  l r t  7 l )AS  and  n t l i n ta inc r - l
t hc rc l i t c r .  r r t  - l  c rn  t o  l 0  c rn  l cve  l .
I  {cr t r ic idcs n 'ere i rppl iec l  a t  l t )  I )AS

Fert i l izer  was appl ied at  the rate of  -1( l
kg i.r-. :1() ke K:O and .10 ku P.05 per
hectare i rs  top c l rcss ins at  1-5 DAS.
Further  appl icat ion of  N at  60 kg N/ha * 'as
cqual lv  sp l i t  a t  50 DAS and 80 DAS. Crop

0.10  +  0 .01
1 i .1 .5  r  ( ) .01
0. -10  +  0 .01
0 . 1 ( )  |  { , 0 1
i ) . 1 ;  r  ( ! . r J i

r ) . - i ( )  '  r )  i ; . i

i  | ( l. l

r  r . l i

. l  { ,  -  I  i }
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Table 2. Visual assessment of phytotoxicity of herbicides and

seedling density of MR 84 cult ivar

Treatmenl
Rate 

Crop Crop
,  dcns i t r  t ox i c i t v

t K g  a . r .  n a ,'  ( n o .  m ' ) *  r a l i n g + *

Quinclorac *  Bensul furon

Quinclorac f  Bensul furon

Quinclorac t Bensulfuron

Quinclorac * Bensulfuron

Quinclorac + Bensulfuron

Quinclorac f  Bensul furon

Bensul furon alone

Quinclorac alone

Mol inate + 2, .1-D IBE

Unweeded (chcck)

l 52 .8abc  3 .0
l 1 3 . 0 b c d  3 . 3
8 1 . 7 d  3 . 5

l04 .5cd  3 .0
I l 5 . 7 b c d  3 . 3
99.7cd 3.8

178.7 a 1 .7
I  13 .7bcd 3 .0

83.3d  3 .8
l60 .7ab 0

0.20 + 0.02
0.2-5 + 0.02
0.30 + 0.02

0.20 + 0.03
0.25 + 0.03
0.30 + 0.03
0.03
0.25

3 . 0  +  1 . 0

*Taken 10 days after herbicides application from I m x I m quadrat

sampl ing.
**Ratcd 7-14 days af ter  herbic ides appl icat ion on a scale of0-  10 where

0 = no toxic i ty  and 10 :  complete k i l l .  Means fo l lowed by a common
let ter  wi th in a column arc not  s igni f icant ly  d i f ferent  at  the 5% Ievel  of
probabi l i ty  according to DMR test .

protection measures were carried out as
and when necessary.

The effect of the herbicides o'n rice
plants was evaluated. Visual assessments
of phytotoxicity was carried out between 7
days and 14 days after application of the
herbicides. A crop injury rating from 0 to
10 was used in which 0 indicated no injury
and 10 represented extensive damage
leading to death of plants. Plant density
was assessed by 1 m x 1 m quadrat
randomly placed at three locations in each
plot at 20 DAS, and plant height and ti l ler
numbers were measured at vanous stages
during the growth period and at maturity
of the crop.

The effect of the herbicides on weeds
was assessed at 60 DAS'by random
sampling. Weed distribution in the field
was considered as random and that
species distribution was normal. Three
1 m x 1 m quadrats were placed in each
plot and weeds collected were separated
into broadleaves, sedges , E. crus-gall i and
other grasses. The weed samples were
then oven dried at 70 "C for 60 h to
determine thei r  dry weights.

All assessments on crop performance
during the growing stages and weed
sampl ing were made wi th in the l -m wide
border rows in each plot. whilst the
remaining area of 4 m x 4 m was allocated
for grain yield determination at harvest.
This was done to min imise unnecessary
disturbance to the cron.

Results
Phytotoxicity to ice plants
Rice seedlings from all the herbicide-
treated plots showed varying degrees of
injury 7 days after application (Table 2).
There was no marked difference in the
extent of damage for the six herbicide
mixtures of quinclorac * bensulfuron.

Quinclorac was relatively more toxic than
bensulfuron when applied singly at the
rates tested. Increasing the dosage of
quinclorac in the mixture with
bensulfuron from 0.2 or 0.3 kg/ha caused
a corresponding increase in the phytotoxic
effect on the rice plants. The herbicide
mixture with the highest rates caused the
most damage similar to that shown by
mol inate + 2.4-D IBE.

2 1 0
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Table -5. Wecd control sDectnrm of dif fcrcnt herbicide treatments

Hcrbic ide
Group Weed species

Be nsul furon Ouinclorac
Bcnsul furon Mol inale +

*  Ou inc l o rac  2 .  4 -D  IBE

Grasses

Broad-
I  eaves

Sedges

Ec h in oc h loa c r us - galli

Echinochloa cok;4a
Leersiu hexandra
Paspalum v0gindtun

Panicum amplericaule

Sn gittaria gult anensis
Monochoria vaginalis

Limnocharis flavu

Scirpus juncoides

Scirpus hteriflorus
Cyperus iria
Fitnhristy lis miliaceae

* *  *Good: 7 5 -  l0( l% contro l .
**Moderate:  50-75cl t  contro l .

*Poor:  below 507c contro l

Seedling densitY
The effects of the two herbicides on
seedl ing densi ty  of  r ice p iants \ t 'ere
apparent; quinclorac reduced significantlv
the seedl ing number per  meter  square
when compared to bensulfuron (Table 2).
Higher rates of quinclorac in the mixture,
to some extent, tended to reduce seedling
density, although the differences were not
significant.

Plant height and tiller number
All the herbicides applied caused a
significant increase in plant height of
MR 84 rice cultivar over those of the
unweeded check only at the 120 DAS
stage (Table J.). At earlier stages the
differences were not at ail distinct. There
was no inhibit ion of t i l ler production, nor
was there a significant increase from the
application of both the herbicides either
a lone or  in  mixture even as la te as 120
DAS when compared to that of molinate
+ 2,4-D IBE. However, both bensulfuron
at  0.03 kgiha and quinc lorac at  0.25 kg/ha
increased trl lering over the untreated plot,
whilst the commonly used mixture did
not .

Biomass and spectrum of weed species
control
Bensul furon appl ied at  10 DAS at  the rate
of 0.03 kg/ha accorded no control over
E. crus-gall i, although its effect on other
grasses, sedges and broadleaves was
significantly evident (Table 1). A
complete control was achieved ou the
grass species with quinclorac. This
herbic ide was a iso more than moderate ly
ef fect ive against  other  grasses and
broadleaves but  not  against  sedges which
remain largely unaf fected.  In  general ,  the
mixtures of the two herbicides gave an
almost cornplete control of E. crus-gall i
with a fairly wide spectrum of control on
the other weed species (Table 5).
However, the efficacy of quinclorac and
bensulfuron was not comparable to that of
mol inate + 2,4-D IBE par t icu lar ly  against
sedges which was found in more than
double their populations (Figure 1).

Grain yield
The grain yield of all the herbicide-treated
plants was significantly higher than the
untreated except for plants which received
straight application of bensulfuron where
the yield increases from 47 .3Vo to 655%
(Table 6/. Although the highest yield was

2t2



Herbic ides for  d i rect-sccded r ice

Weed dry weight  1g/mr1

90

80

70

60

5U

.+0

30

20

B L S  G E C

Mixture +
B L S G E C

Quinclorac

B L S  G E C  B L S  G E C  B L S  G E C

Bensulfuron Molinate Unweedcd
+ 2 .4-D IBE (check)

BL -  Broadleaves.  S -  Sedges.  G -  Othcr grasses,

EC E. crus-galli

Figure l. Effect of herbicides on four categories of weeds at 60 DAS in the off season 1986 direct-
seeded rice crop. (* For mixture ol quinclorac * bensulfuron pooled averages of six teatments are
included)
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Tablc 6. Effect of herbicides on grain yield of direct-seeded
MR 84 r ice cult ivar cropped during off season 1986,
at Bumbong Lima, Seberang Perai

Herbic ide

5 949a -50.2
6 242a 57.6
6 363a 60.6

-5 835a 17.3
6  l78a 56 .0
5  9 8 2 a  5 1 . 6

.1 253b 8.6
-5 936a 49.9

6 570a 6.5.6
3  9 l 5 b  0

*Means fo l lowcd by a common let ter  are not  s igni f icant ly  d i f fcrent  at  thc
57o level of probability according to DMR test

obta ined wi th mol inate + 2,4-D IBE,  the
value was not significantly more than
those which received quinclorac or its
mixtures with bensulfuron.

Discussion
In direct-seeded rice early application of
herbicides either as pre-emergence or
early post-emergence is usually sought for
so as to allow an early control of weeds. In
many instances, early applications of
herbicides can cause some degree of
injury to the rice crop even though timing
of application is strictly followed. In this
study, phytotoxicity was all too apparent
on plants treated with herbicides
(Table 2). The usual symptoms such as
yellowing and drying of leaf t ips observed
did not exceed 4 on a scale of 0 to 10
according to severity of the symptom.
This could be considered as tolerable and
transient effect since most of the affected
plants were recovered within 7 to 14 days.

Quinclorac applied as early post-
emergence at 10 DAS was comparatively
more injurious than bensulfuron; t ite
effect of which rs reflected in the
reduction of seedling number. The
phytotoxicity of these herbicides was

slightly dose dependent. Even this may be
so, the crop density was relatively higher
than plants that were treated with the
commonly used mixture of molinate *
2,4-D IBE.  The fact  that  nei ther
quinclorac nor bensulfuron had anv
de leter ious in f luence on the vegetat ive
growth of  r ice p lants when compared wi th
those t reated wi th mol inate + 2.4-D IBE
further indicated the low phvtotoxicitv
effect of the former herbicides.

In terms of efficacy, both quinclorac
and bensulfuron showed some degree of
selectivity in the control of weed species.
While quinclorac was most effective
against E. crus-gall i and not sedges,
bensulfuron displayed quite the opposite
role, although both herbicides on their
own were, to a large extent. effective in
suppressing other grass species and
broadleaf weeds (Figure 1/. It would
appear then, that for a broadleaf weed
control spectrum a mixture formulation of
the two herbic ides is  needed i f  an
alternative choice to molinate + 2.4-D
IBE is  sought  for .  In  th is  srudy,  i t  was
found that the mixture of bensulfuron *
quinclorac performed as efficientlv as in
weed species control and the grain yield

Ratc
( kg  a . i . / ha )

7o increase
Yie ld *  over
(kg/ha) unweeded

plots

Quinclorac *  Bensul furon

Quinclorac t  Bensul furon

Quinclorac *  Bcnsul furon

Quinclorac + Bensul furon

Quinclorac + Bensul furon

Quinclorac + Bensul furon

Bensul furon alone

Quinclorac alone

Mol inate + 2.  .+-D IBE
Unweeded (check)

().20 + 0.02
0.25  +  0 .02
0.30  +  0 .02

0.20  +  0 .03
0.25  +  0 .03
0.30  +  0 .03

0.03
0.25

3.0  +  l  t )

) 1 1



Hcrbic ides for  d i rcct-seeded r icc

obtained was comparable (Figure 2).
It is obvious that the grass species,

E. crus-gall l played a dominant role in
grain yield reduction which could be
clear ly  seen in the unweeded check p lots
and when bensulfuron failed to suppress it
and consequcnt ly  could not  enhance y ie ld
to those levels achieved bv other  herb ic ide

Grain v ie ld of  MR U.{  cul t ivar  ( t /ha)

Mol ina tc  Qu inc lo rac
+ 2 . .1 -D IBE +  Bcnsu l fu ron

rrrTrrrrn
l l l l l l l l l l  C r r i n  v i r - l dru

t reatments.  Al though the tota l  weed
biomass in the untreated p lot ,  wi th near ly
half of population comprising E. crus-
gall i, was about 38% more than the
bensulfuron treated plot, the proportion
of this grass species increased to about
85c/c of the total weed under this herbicide
regime which even at  t l re  expense of  other

Total wccd dr1' weight

1g/mr) at 60 DAS

160

Bcnsul f  uron Untrctr tcd

llillllw""a hi.nrass

Figure 2. The inl'luence ol weed control treotments on
total weed biomass ut 60 dat's aJ'ter sowing (DAS)

l l 5

Qu inc lo rac

the relationship of grain yield and



weed species was not sufficient to allow
s ign i f i can t  g ra in  y i e l d  i nc rease .

Although quinclorac was most
effective in controll ing E. crus-gall i and
was able to ensure comparable yield
increase.  the herbic ide on i ts  own cannot
be'considered for  use as i t  lacked the
needed spectrum of contrcll particularlv
against  sedges.  I t  has been shown that  i t
could be used in combinat ion wi th
bensulfuron to achieve the desired control
spectrurn as those of  mol inate + 2.4-D
IBE wi thout  anv detr imenta l  ef fect  on
grain production. The usefulness and
efficacy of quinclorac and bensulfuron
could be fur ther  explored in  combinat ion
wi th some othcr  a l rcady establ ished and
cheaper herb ic ides.

To be ef fect ive.  herb ic ides must  bc
phvtotox ic  to the target  wecd species.  The
safest  t ime to apply the herbic ide may not
be the opt imum t ime for  weed contro l
appl icat ion.  I t  merely  ind icates the t ime of
appl icat ion least  l ike ly  to damage the crop
at a given rate. For efficient weed control
and min imal  crop damage the
phytotox ic i tv  i  n format ic ' rn should
therefore.  be used in coniunct ion rv i th
weed contro l  data before a herb ic idc mav
be recommended for  use.

Conclusion
The herbic ides quinc lorac and
bensulfuron caused less tc'r moderatc
seedl ing in jury to r ice p lants rvhen appl ied
at  ear ly  post-emergence l0 davs af ter
seeding.  

' I 'he i r  
mixtures,  at  h igher  rate

(0.30 + 0.03 kg/ha)  showed a greater
cxtent  of  in jury but  were less tox ic  to that
observed by mol inate + 2,4-D IBE.  In
gra in y ie ld.  no opt imal  combinat ion for
the two mixtures can be suggested as
cf f icacv in  weecl  contro l  was readi l l ,
apparent .  The mixtures consist ing of  0.20
and 0.03 kg/ha quinc lorac and
bensul furon respect ive ly  appeared to be
thc bcst  combinat ion amongst  the s ix
mixtures tested in  terms of  thei r
suppression on wecd growth from even up

M.  Azm i  and  A .  I .  Anwar

to 60 days after sowing with minimal
phytotoxicity effect on rice seedling.

The advantages of  us ing herbic ide
mixtures of  quinc lorac and bensul furon
are ev ident ly  g lar ing in  terms of  thei r
broader spectrum of  contro l  i r rcspect ive
of  the rates used.  Al though quinc lorac on
i ts  own gave an a lmost  complete contro l
of E. crus-gcl/i i t was. however, not
effective against sedges. while the reverse
was true for bensulfuron. None of the
mixtures could be said to be super ior  to
i he  mo l i na te  +  2 .4 -D  IBE .  bu t  t hey
cer ta in ly  of fer  another  a l ternat ive in
chemical  weed contro l  for  d i rect -seeded
r icc.
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