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Summary 
Field studies were conducted to deter~ 

mine the relative efficacy of imazaquin 
and bentazon applied post emergence on 
Bathurst burr (Xanthium spinosum L) in 
irrigated soybeans (Glycine max (L.) 
Men.) in southern New South Wales. 
Bathurst burr biomass was significantly 
reduced by imazaquin at 400 8 a.i. ha-1 at 
all sites, at 300 8 a.i. ha·1 and 200 8 a.i. ha·1 

at three sites and by bentazon at 960 g 
a.i. ha·1 at three of the four sites. Imaza­
quin gave significantly more control of 
Bathurst burr than bentazon in the 19871 
88 season when there were many late 
season burr germinations compared to 
1988189 when fewer late season gennin­
alians occurred. Imazaquin did not con­
trol Bathurst burr when applied after the 
formation of the three pronged spines. 
The greater season-long control pro­
vided by imazaquin make it the 
preferred herbicide. 

Introduction 
Bathurst burr is the third most trouble­
some weed of soybeans in southern New 
South Wales. It is common on all soil 
types throughout the Riverine Plain being 
especially plentiful on old cultivated pad· 
docks and irrigated pastures (Leigh and 
Mulham 1965). Seed in the soil is long 
lived, farmers frequently report viability 
of up to 20 years where the soil has not 
been disturbed . Martin and Carnahan 
(1983) report that although seeds of 
Bathurst burr germinate rapidly, a la rge 
proportion of seeds remain dormant: o f 
the two seeds contained in each burr, usu­
ally only one germinates, the other seed 
remaining do rmant. Cunningham et al. 
(1981) report that prolific stands may oc­
cur after summer rains or flooding. They 
found that seed is able to survive under 
waterlogged conditions. Merrin (personal 
communication) reports that after de­
silting a dam into which mature Bathurst 
burr plants had been thrown nine years 
preViously, burr seed germinated in the 
silt removed from the dam . Martin and 
Carnahan (1983) found that in over 15 
months field storage, few seeds had ger­
minated or decayed. They repo rt that 
X. spinosilm is associated with disturbed 
soils of heavy texture and high fertility . 
Cunningham et al . (1981) state that soi l 
disturbance brings buried seed to the sur­
face . Andrews (unpublished data) re­
corded burr populations of 120 plants m-' 
in recently cultivated ground. Cermina-

tion is seldom synchronous, plants con­
tinuing to emerge over the summer 
period. Flowering and seeding continue 
from mid summer until the plants die in 
autumn or winter. Late season burr 
germinations are able to survive under the 
soybean canopy. Rapid growth of these 
plants from the beginning of soybean se­
nescence can result in large burr numbers 
being present at harvest. Milvain (1983) 
reports that plants emerging later in the 
summer will produce seed when only a 
few weeks old. Considerable contamina­
tion of harvested grain can result from 
these late season burr germinations. 

Besides depressing yield, contamina­
tion of the grain with more than one burr 
per litre results in dockage. Grain may be 
rejected when contaminated with more 
than 1% of burr seed (Australian Oilseed 
Federation 1989). Burrs are similar in size 
to soybean seed therefore grading is diffi­
cult and has to be done over a gravity 
table which can cost up to $60 rl. 

Contamination also precludes sales to 
the premium human consumption mar­
ket. In addition contaminated seed may 
not be suitable for feed grain. McBarron 
(1977) cites reports of loss of egg produc­
tion and early moult in poultry where 
feed was contaminated with Bathurst 
burr. Thus grain from badly contami­
nated crops could be unmarketable. 

Bentazon is registered fo r use in 
soybeans for the control of Bathurst burr 
at 960 g a.i. ha·l , however due to its con­
tact mode of action it is unable to give ad­
equate season-long control especially 
where there are many late season 
germinations. Variations in the degree of 
control with bentazon had been experi­
enced by users. Hogue et al. (1986) reports 
inconsistent control of Xallthium sp. at the 
five to eight leaf growth stage. Prelimi­
nary resea rch showed that the time of 
application was critica l, viz. at or before 
the four leaf burr growth stage for maxi­
mum control i.e. before the formation of 
the three pronged spines (Andrews 1988). 
The efficacy of bentazon was enhanced by 
the addition of a crop oil tha t contained a 
surfactant (Spencer personal communica­
tion). 

Imazaquin is repo rted to control 
cocklebur (X. italicum, X. pmsylvnnicllm) 
in the USA. Paxman et nl. (1985) report 
that imazaquin, a broad spectrum herbi­
cide with residual activity belonging to 
the imidazolinone family, inhibits the 
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acetohydroxyacid synthase which is nec­
essary fo r the biosynthesis of the amino 
acids, valine, leucine and isoleucine. 
[mazaquin is absorbed through both the 
foliage and roots and translocated 
through the xylem and phloem to the 
meristematic regions. With foliar applica­
tion, susceptible plants stop growing soon 
after treatment and die within two to four 
weeks depending on species and size. 
With soil application some susceptible 
plants may emerge and persist as stunted 
plants before they die. 

The objective of this study was to deter­
mine whether the systemiC mode of action 
and residual activity of imazaquin would 
control more late germinating Bathurst 
burr p lants than bentazo n and provide 
greater season-long control. 

Materials and methods 
Trials were conducted in southern New 
South Wales a t Leeton Field Station in 
1987/88 and 1988/89, and with farmer 
co·operators at Coleambally in 1987/88 
and Tabbita in 1988/89. Leeton trials were 
conducted on a Birganbigil clay loam (van 
Dijk 1961) at pH 6. Plots consisted of four 
hills 75 em apart. Soybeans cv Chaffey 
were sown by precision planter at the rate 
of 80 kg ha·lon 19.11.87 and 2.12.88. Plots 
were furrow irrigated to 65 mm allowable 
depletion and end trimmed to between 
nine and ten metres at soybean maturity. 
Grass weeds were controlled by trifluralin 
at 804 g a.i . ha·I. Each year Bathurst burr 
seed was broadcast by hand and incorpo­
rated by machine to five centimetres 
depth with the trifluralin. 

The Colearnbally trial was conducted in 
a Wunnamurra clay (Stannard 1970) at 
pH 6.7. Plots consisted of two 150cm beds 
sown with cv Bowyer, two rows on each 
bed, by precision planter at the rate of 80 
kg ha·1 on 3.12.87. Plots were furrow irri­
gated to 50 mm allowable depletion and 
end trimmed to between nine and ten 
metres at soybean maturity. Crass weeds 
were controlled by trifluralin at 804 g a.i. 
ha"1 Bathurst burr seed was hand broad­
cast and incorporated by rake to supple­
ment the naturally occurring population. 

The Tabbita tria l was conducted in a 
Riverine clay pH 8. Plots were sown with 
cv Chaffey by combine, with 18 em row 
spacing, at the rate of 80 kg ha·1 on 
25.1] .88. Plots three meters wide were ir­
rigated by border check to a 65 mm allow· 
able depletion and end trimmed to be­
tween nine and ten metres at soybean 
maturity. C rass weeds were control led by 
aerial application of sethoxydim at 186.8 
g a.i. ha·1 to which 1% Ampol D-C·Trate 
was added . 

The experimental design used for all 
trials was a Latin square with six replica­
tions. Imazaquin was applied as the 
sodium salt at 200 g aj . ha-I , 300 g aj. ha-I 

and 400 g aj . ha·1 on 17.12.87 and 22.12.88 
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at Leeton, 21.12.87 at Coleambally and 
14.12.88 at Tabbita. Bentazan as the so­
dium salt was applied at 960 g a.i. ha" 
mixed with the adjuvant Ampol D-C­
Trate at 1526 g a.i. ha ·l . Applications were 
made at the same time as imazaquin. Also 
included were two additional treatments 
which did not receive herbicide. Bathurst 
burr was allowed to grow in one of the 
treatments while the other was hand­
weeded until soybean canopy closure. All 
weeds other than Bathurst burr were 
hand weeded from all plots until canopy 
closure. Final handweedings were 18.1.88 
and 26.1.89 at Leeton, 12.1.88 at 
Coleamba lly and 13.1.89 at Tabbita. All 
herbicides were applied with an LP gas 
sprayer from a boom using 8001 and 8002 
Teejettil nozzles, the equipment being 
mounted on a handcart. The volumes of 
aqueous carrier used were 110 L ha '\ for 
imazaquin and 220 L ha '\ fo r bentazon 
mixture. All treatments were applied post 
emergence when p lants were actively 
growing. Applications were made when 
burr plants had reached the four leaf 
growth stage, before the formation of the 
three pronged spines. At the Tabbita site 
some p lants had formed spines. This co­
incided w ith the thi rd triJoliate leaf stage 
of the soybeans. 

A visual assessment was made of crop 
injury and recorded on a five point scale: 
o = no injury, 5 = death. Soybean plant 
height was recorded in 1987/88. As no 
height differences were observed, no 
measurements were made in 1988/89. 
Permanent 1 m2 quadra ts were marked 
out in each plot except the handweeded 
control p lots in 1987/88. Plant counts of 
Bathurst burr were taken before treat­
ment, 7 days and 14 days post treatment 
and at soybean harvest maturity. Soybean 
harvest maturity was 12.4.88 at both 
Leeton and Coleambally, 8.5.89 at Tabbita 
and 17.5.89 at Leeton. 

Bathurst burr biomass was determined 
by hand harvesting the above ground por­
tions of aU Bathurst burr plants over the 
whole plot in aU trials, except Leeton in 
1988/89 when the two centre rows only 
were cut, immediately before soybean 

harvest. This method gave a more accu­
rate assessment of the season-long effi­
cacy of imazaquin than plant numbers as 
imazaquin often fails to completely ki ll 
Bathurst burr p lants. Ha rvest commenced 
on 12.4.88and 17.5.89 at Leeton, 19.4.88at 
Coleambally and 8.5.89 at Tabbita. 

Soybean yields were determined by 
harvesting each plot with a small plot har­
vester, except Co leambally where the 
early onset of w inter rains prevented crop 
harvest. Soybean yields were adjusted to 
12% moisture. 

Preliminary examination of Bathurst 
bu rr data showed that the variance of 
high yielding plots was greater than the 
variance of low yielding plots. To ensu re 
valid tests of significance, data were con­
verted by calculating log(yield+1). Analy­
sis of variance was calculated for the 
transformed data and treatments com­
pared using a LSD test at the 5% signifi­
cancelevel. 

R esults 

Bathurst burr control 
Biomass was significantly reduced at all 
sites and by a ll herbicide rates except 
imazaquin at 200 g a.i. ha-I and 300 g a.i. 
ha-I at Tabbita and bentazon at Colearn­
baUy (Table 3). 

In 1987/88 imazaquin reduced Bathurst 
burr biomass by >85% at all rates on both 
sites. Imazaquin at 300 g a.i. ha-l and 400 g 
a.i. ha- I at Leeton and 200 g a.i. ha- I and 
400 g a.i. ha-I at Coleambally gave signifi­
cantly better control than ben tazon. 

Imazaquin at 300 g aj. ha- I and 400 g aj. 
ha-' at Leeton gave significantly greater 
control than the handweeded control 
(Table 4). 

In 1988/89 imazaquin controUed 
Bathurst burr at a ll rates at the Leeton site 
but only the 400 g a.i. ha-l rate gave con­
trol at the Tabbita site. Tempera ture and 
relative humidity differed between the 
sites at the time of herbicide application 
being3rC, 70.6%RH atTabbita and 2(fC, 
37% RH at Leeton. Bentazon controlled 
Bathurst burr at both sites (Table 4). 

In itia l control of Bathurst burr by 
bentazon was good on a ll sites for both 
seasons. Reduced efficacy of bentazon 
on Bathurst burr in 1987/88 compared 
to the 1988/89 season was due to the 
greater burr seed germinations later in 
the season (Table 3). 

Soybea/l yield 
No herbicide treatments in any year re­
sulted in significant soybean yield loss. 
Yield loss occurred at Leeton in 1987/88 
in the weedy plot (Table 1). Burr num ­
bers were greater in this tria l. 
Coleambally, Tabbita and Leeton 1988/ 
89 being 55.9%, 28.6% and 21.8% respec­
tively of the Leeton 1987/88 burr num­
bers (Table 2). 

Soybean injury 
Crop injury occurred although none of 
the treatments applied in any year 
caused either soybean stand or heigh t re­
duction. All cultivars in all trials showed 
both chlorosis and necrosis with 

T able 1. Yield of Soyb ean s treated w ith im azaquin or b entazon . 

Treatment Rate Leeton Leeton Tabbita 
ha-l a.i. 1987/88 1988/89 1988/89 

kgha-I kgha" kgha-I 

Control weedy 1520 2121 2603 
Imazaquin 200 2353 2121 2952 
Imazaquin 300 2517 2043 2896 
Imazaquin 400 2421 2165 2923 
Bentazon + D--C-Trate 960 + 1560 2353 2195 3434 
Control (handweeded) 2410 2199 3187 

LSD (0.05) 290 251.8 807 

Table 2. Average Bathurs t burr p lant counts from 1 m ' p erman ent quadrants. 

Treatment Rate Leeton Coleambally Leeton Tabbita 
ha-1a.i . 1987/88 1987/88 1988/89 1988/89 

a b c d a b c d a b c d a b c d 

Control weedy 20.0 29.7 22.3 22.0 16.8 17.0 15.2 12.3 12.0 11.3 10.8 4.8 10.5 11.0 10.0 8.5 
lmazaquin 200 29.8 20.2 6.0 6.0 22.7 19.2 15.2 12.3 12.0 8.6 4.8 1.0 6.4 6.0 5.7 3.8 
Imazaquin 300 31.5 17.2 0.7 0.7 12.5 11.2 8.0 1.0 9.4 6.5 3.2 0.5 8.7 7.5 5.7 1.8 
Imazaquin 400 29.0 14.2 0.3 0.4 13.8 11.2 7.7 1.5 10.0 8.0 4.3 0.4 13.2 11.7 7.5 0.3 
Bentazon 
+D-C-Trate 960+1526 29.0 12.0 5.0 12.0 15.2 10.3 7.4 0.5 9.8 2.8 3.0 0.7 13.4 3.0 2.0 1.5 
Control 
(hand weeded)' 9.0 0.0 0.5 0.0 12.2 2.0 3.5 1.0 

.. handweeded to canopy closure a - at herbicide application b - 7 days post herbicide application 
c - 14 days post herbicide appl ication d - at soybean maturity 



Table 3. Total biomass production of Bathurst burr when imazaquin and 
bentazon were applied at various rates. 

Treatment Rate Average Dry Matter Production (g) 
ha-1 a.i. Leeton Coleambally Tabbita 

1987/88 1988/89 1987/88 1988/89 

Control Weedy 10956 4553 12280 3797 
Scepter 200 1204 318 804 1572 
Scepter 300 65 184 1056 1256 
Scepter 400 17 151 823 581 
Basagran + D-C-Trate 960+1526 1927 112 4323 333 
Control (handweeded)* 196 3 111 54 

Table 4. Control of Bathurst burr in irrigated soybeans with imazaquin 
and bentazon. 

Treatment Rate DMW Bathurst burr (log kg ha-I) 

ha-i a.i. Leeton ColeambaUy Tabbita 

1987/88 

Control Weedy 7.88 
Scepter 200 5.29 
Scepter 300 1.93 
Scepter 400 1.35 
Basagran+D-C-Trate 960+1560 6.16 
Control (handweeded)' 3.82 
LSD (0.05) 1.34 

bentazon treatments, scoring three on the 
visual scale. Recovery was rapid, plants 
outgrowing injury within fourteen days. 
Imazaquin treatments resulted. in a mild 
chlorosis, visual score of one, which 
plants outgrew in seven days. 

Discussion 
lmazaquin was more efficacious than 
bentazon where there were many late sea­
son Bathurst burr germinations. This was 
most apparent at the Leeton site in 1987/ 
88 where irnazaquin at 300 g a.i. ha-I and 
400 g a.i. ha·1 gave Significantly greater 
control of Bathurst burr than the 
hand weeded control (Table 4) . The 
greater season-long control of Bathurst 
burr by imazaquin is probably due to the 
reported residual activity of this herbi­
cide. Bentazon, haVing a contact mode of 
action, is not able to control these later 
germinating plants. 

Imazaquin gave significantly greater 
season-long control of Bathurst burr in the 
1987/88 season than in the 1988/89 sea­
son. Several factors could have influenced 
this result. Application of herbicide after 
the most highly sensitive growth stage of 
Bathurst burr, particularly at the Tabbita 
site, probably contributed most to the re­
duced control. Bathurst burr growth in 
1988/89 was unusually rapid, the three 
pronged spines being formed at the two 
leaf growth stage rather than the more 
usual four leaf growth stage. Various au­
thors, Andrews (1988), Martin and Witt 
(1983), Price and Lang (1982), Trammell et 
.1. (1986), Hogue et .1. (1986), report that 
better control is obtained in Xanthiurtl sp. 

1988/89 1987/88 1988/89 

7.95 7.89 7.32 
3.82 4.34 6.25 
3.31 5.30 6.05 
4.37 4.32 5.52 
2.67 6.57 4.30 
0.72 3.10 2.81 

2.15 1.51 1.34 

at early growth stages. Barrentine (1989) 
and Barrentine and McWhorter (1989) 
found that higher rates of imazaquin were 
required to control X. stnwlarill'" at later 
growth stages. 

McWhorter et .1. (1990) report that it is 
generally agreed that the epicuticular 
waxes of plants constitu te a major barrier 
to the absorp tion and subsequent 
translocation of foliar applied pesticides. 
The increased efficacy of bentazon on 
Bathurst burr with the addition of 
Agridex~ (Andrews 1988) suggests that 
the waxy cuticle of Bathurst burr is a ma­
jor barrier to the uptake of foliar applied 
herbicides. 

The composition of the epicuticular 
wax on the burr plants at the formation of 
the spines may differ from the younger 
plants as cuticu lar wax is known to 
change quantitatively and qualitatively 
with age making plants harder to kill. 
Baker et .1. (1983) found that in aqueous 
formulations the droplets dried quickly 
after impaction after which there was no 
further spread. In contrast oil formula­
tions spread to various degrees after im­
paction. Temperatures and humidity at 
the time of application in 1988 differed 
between the Tabbita and Leeton site. It is 
possible that imazaquin droplets dried 
much faster than bentazon droplets and 
were thus not so readily ava ilable for up­
ta ke by the leaves. McWhorter and 
Barrentine (1988) found that reduced rates 
of diphenylether herbicides were able to 
control Johnsongrass when using paraf­
finic oil as the carrier. They suggest the 
paraffinic oil dissolved the leaf surface 
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wax and that this might be a mode of en­
try of the herbicide. Ampol state that the 
adjuvant D-C-Trate gives greater cover­
age and contact with the leaf surface com­
pared to a water based formulation. It also 
partially dissolves the waxy cuticle result­
ing in an increased uptake of herbicide. 
The action of D-C-Irate on the epi­
cuticular wax may account for some of 
the differences in efficacy between 
benta zon and imazaquin at the Tabbita 
site viz. the adjuvant allowed a greater 
uptake of bentazon. 

As the soybeans had not produced a 
com plete ground cover when the 
imazaquin was applied, herbicide falling 
on bare ground could act as a pre-emer­
sent application. Renner et .1. (1988) re­
ports that imazaquin should be available 
for plant uptake within the range pH 5.5 
to pH 8. Soils on all sites were within this 
range so soil pH should not have been re­
sponsible for reduced availability of 
imazaquin in the soil. However watering 
regimes differed between sites. Leeton 
and Coleambally si tes were furrow irri­
gated. Soil was moist in the root zone at 
all times, the soil surface seldom being at 
field capacity. The Tabbita site, in can· 
trast, was irrigated by border check, 
where the ground dried down to a 65 mm 
allowable depletion before it was flood ir­
rigated. Consequently this soil was sub­
jected to alternating periods of field ca­
pacity and temporary drying. Goetz et .1. 
(1986) report that temporary drying and 
returning to field capacity generally in­
creases irnazaquin adsorption. Thus that 
portion of the imazaquin that was re­
tained in the soil under flood irrigation 
may have been less available to the plants 
than in the furrow irrigated trials. 

Andrews (1990) found that burr 
populations exceeding sixteen plants in a 
10 metre row significantly reduced soy­
bean yield. This study found that burr 
popu lations of 22.3 plants m" can signifi­
cantly reduce yield. The burr population 
was not uniform at the Coleambally site. 
An isolated area affecting one of the 
imazaquin 300 g a.i. ha-' treatments had 
many burr germinations after the herbi­
cide application. This may have contrib­
uted to the lack of a rate response at this 
si te. 

Whilst initial control of Bathurst burr 
was good with benta zon, later burr 
germinations were not controlled . There­
fore to provide season-long control sev­
eral applications of bentazon wou ld be 
required thus reducing the profitability of 
the crop. The increase in season-long con­
trol provided by imazaquin at 300 g a.i. 
ha-I, where there are many late season 
germinations, make it the preferred herbi­
cide. [mazaquin needs to be applied be­
fore the formation of the three pronged 
spines for effective Bathurst burr control. 
The addition of a crop oil containing a 
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surfactant, such as D-C-Trate, would 
probably improve the efficacy of 
imazaquin for Bathurst burr controL 
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