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Summary   Balance® (75% a.i. isoxafl utole) at 100 
g ha-1 is registered for the control of several trouble-
some broad-leaved weeds in chickpea. It is applied 
post-planting, pre-emergence, often with simazine. 
In 2002 we observed crop damage from Balance that 
was particularly severe with one experimental line, 
91025-3021. Pot and fi eld trials in 2003 confi rmed 
91025-3021 to be more sensitive than the currently 
recommended varieties, Amethyst, Howzat and Jim-
bour. However, under some conditions all varieties 
were damaged at the recommended rate. A soon to be 
released variety, 9113-13N-2, was found to be more 
sensitive to Balance than the current varieties.
Keywords    Herbicide tolerance,  chickpea,  isoxafl u-
tole.

INTRODUCTION
Broad-leaved weeds can be a problem in chickpea 
but Balance®1. (75% a.i. isoxafl utole) improves con-
trol and is registered for use at 100 g ha-1. Balance 
caused considerable concern in the United States after 
it was released, with widespread injury occurring in 
corn in Nebraska and Kansas (Wicks and Stahlman 
pers. comm.). Soil type affected the amount of injury. 
Deeper sowing is recommended in Queensland to in-
crease crop tolerance.

This paper reports the results of experiments done 
in 2003 in pots of nutrient solution or soil, and fi eld 
trials on two contrasting soil types, with chickpea 
treated with different rates of Balance.

MATERIALS AND METHODS
Experiment 1   Desi chickpea breeding line 91025-
3021 was grown in washed sand in 150 mm pots con-
nected by a rope wick to a nutrient solution containing 
isoxafl utole at concentrations of nil, 0.4, 1, 10 and 100 
ppm. Root and shoot development was determined 33 
days after sowing (DAS).

Experiment 2   The kabuli chickpea variety Bumper, 
and desi varieties Amethyst, Howzat, Jimbour and 
breeding line 91025-3021 were sown in 65 × 65 mm 
pots containing 500 g of sieved grey cracking-clay soil 
(0–10 cm, pH 7), that was pre-watered and allowed 
to drain to fi eld capacity. Two seeds were planted at a 
depth of 25 mm in each pot. Balance was applied at 
nil, 25, 50, 100, 200, and 400 g ha-1, with and without 

500 g ha-1 of simazine, at a water volume equivalent to 
120 L ha-1 on the same day of planting. Each pot was 
thinned to one seedling a week after sowing. There 
were fi ve replicates of the variety (5) × Balance (6) × 
simazine (2) treatment combinations. All pots received 
20 mm of simulated rain 1 and 10 DAS. Symptoms of 
herbicide damage were scored (1–9) at 35 DAS where 
1 = no leaf chlorosis, 5 = 50% of leaves chlorotic, 9 
= plant dead.

Experiment 3   Two sites, a grey cracking-clay and a 
hard-setting red-clay, were selected at Tamworth that 
represented contrasting soil types. At each site the 
experiment had three replications with main plots of 
time of herbicide application, 2 and 7 DAS, and sub-
plots of varieties × sowing depth. Fifteen desi chickpea 
genotypes were sown on 15 July 2003. These were 
91025-3021, eight other breeding lines suspected 
of being sensitive to isoxafl utole, and six current or 
prospective varieties. The varieties were randomised 
within each time of spraying and consisted of two 
rows sown at a depth of 50 mm and two at 100 mm at 
a row spacing of 500 mm, and each sub-plot was 6 m 
in length. These were sprayed with Balance at nil, 50, 
100, 150, 200, 250, 300, 400 and 500 g ha-1 applied at 
2 and 7 DAS. The herbicide treatments were applied 
using a spray-boom with eight pressurised canisters 
fi tted with solenoid nozzles and TeeJet 6502E tips at 
500 mm spacing. Each nozzle delivered the appropri-
ate herbicide rate to a 500 mm segment across each 
variety × sowing depth perpendicular to the direction 
of sowing. 

The herbicide rates were ordered from low to high 
along the plots, a pragmatic approach that allowed 
us to include more factors in the experiment because 
of the limited seed supply, or could be done with a 
randomised complete block design. The ordering 
also assisted the visual assessment of crop damage 
(Table 2). 

There was 25 mm rain 8 DAS. Visual assessments 
40 DAS were done as for experiment 2.

Seven chickpea varieties and genotypes from each 
replicate on the grey soil site, and the 7 DAS time of 
spraying were sampled for grain yield. Each sowing 
depth was hand-harvested separately by removing 500 
mm × two rows representing each rate of herbicide 
within each sub-plot. These were then threshed.
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The visual assessment data (experiments 2 and 
3) and crop yields (experiment 3) were analysed by 
analysis of variance. The yield data were transformed 
log (yield + 1) for analysis.

RESULTS
Experiment 1   In the nutrient solution study isoxafl u-
tole at >1 ppm killed the chickpea, and even 0.4 ppm 
reduced root growth (Figure 1).

Experiment 2   There were no obvious symptoms of 
phytotoxicity at 21 DAS but at 28 DAS chlorosis and 
necrosis developed. There was less herbicide injury to 
the kabuli variety Bumper than to the four desi varie-
ties but 91025-3021 was clearly the most sensitive 
(Table 1). Simazine also caused injury and increased 

Figure 1.   Effect of isoxafl utole 33 DAS on root de-
velopment for the chickpea breeding line 91025-3021 
in experiment 1.

Table 1.   Damage assessments from isoxafl utole without simazine on chickpea in experiment 2 (35 DAS) where 
1 = no visible chlorosis, 5 = chlorosis to 50% of the plant, 9 = plants dead.

Variety

Rate of Balance (g ha-1)

nil 25 50 100 200 400

Bumper 1.1 1.1 1.3 1.6 1.5 2.4

Amethyst 1.0 1.0 1.2 1.2 2.4 2.6

Howzat 1.4 1.4 1.4 1.6 2.8 3.0

Jimbour 1.4 1.8 1.8 2.4 3.2 4.0

91025-3021 1.6 2.4 3.4 4.0 5.0 5.4

LSD (P = 0.05) 0.7

Table 2.   The predicted rate of Balance (g ha-1) where signifi cant crop chlorosis was evident – 40 DAS (experi-
ment 3).

Variety

Time of herbicide application

Red clay-soil Grey clay-soil

1 DAS 7 DAS 1 DAS 7 DAS

91025-3021 250 200 150 100

9113-13N-2 200 250 150 100

93011-1021 500 500 300 200

94-012*98V4006 >500 300 200 150

98176-1041 250 300 250 150

99090-1009 500 300 400 200

99092-1001 400 400 500 200

99187-1025 >500 500 500 200

99187-1030 500 300 250 100

99188-1005 400 400 250 150

99188-1009 400 400 300 200

Amethyst 300 300 250 150

Howzat 500 400 300 150

ICCL87322 400 300 250 100

Jimbour 300 300 300 200
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Figure 2.   Yield for selected varieties on the cracking grey soil when Balance application was 7 DAS (experi-
ment 3).
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damage from isoxaflutole from a mean rating of 
2.4 to 3.3. There was no variety × isoxafl utole/simazine 
interaction.

Experiment 3   The most crop injury from isoxafl utole 
in experiment 3 was on the grey cracking clay-soil 
and for the application 7 DAS (Table 2). It showed 
91025-3021 and 9113-13N-2 to be the most sensitive 
genotypes but 99187-1030 and ICCL87322 also were 
severely damaged on the grey cracking clay-soil. Crop 
injury was strongly infl uenced by the time of applica-
tion, with spraying 7 DAS resulting in signifi cantly 
(P ≤0.01) more phytotoxicity than spraying 2 DAS. 
Sowing at 10 cm did not signifi cantly (P ≤0.05) reduce 
injury compared with sowing at a depth of 5 cm.

Because herbicide injury was more severe on the 
grey clay-soil and when spraying was delayed until 7 
DAS, some chickpea varieties/genotypes were sampled 
for crop yield. These were the three recommended va-
rieties, Amethyst, Howzat and Jimbour, two new likely 
releases 93011-1021 and 9113-13N-2, the sensitive 
line 91025-3021, and ICCL87322 which is a parent of 
all of the other breeding lines in this experiment. 

There was a linear relationship between the rate 
of isoxafl utole and the log of grain yield, (log (yield 
+ 1)) where there were highly signifi cant effects (P 
≤0.01) of variety, rate of herbicide, and variety × rate 
of herbicide interaction. There was no signifi cant effect 
of sowing depth (P >0.05). Figure 2 shows the relation-
ship between rate of isoxafl utole and yield of the seven 
selected genotypes with yield re-transformed back to 
the original scale. This demonstrated that under some 
conditions this herbicide can injure even the more 
tolerant varieties of chickpea at an application rate of 
less than 100 g ha-1.

DISCUSSION
Although Balance provides good control of some 
problem weeds in chickpea, it is important to appre-
ciate risks of crop injury. This often is transient but 
our work found that under some situations there was 
a yield penalty at less than the recommended rate of 
100 g ha-1 (Figure 2). 

There was variability in the tolerance of chickpea 
genotypes to this herbicide. Therefore, future work is 
required to further examine the effects of isoxafl utole 
in chickpea with respect to:
• genetic variation in sensitivity; 
• sowing depth;
• rate of herbicide;
• delay in application after sowing;
• rainfall after application; and
• soil factors such as temperature, water content, 

clay content, pH, exchangeable cations, and or-
ganic carbon.

It is of concern that new advanced breeding lines 
included in this study were more sensitive to isox-
afl utole than the currently recommended varieties, or 
are related to a parent that is sensitive.

We did not record a signifi cant effect of sowing 
depth so these studies do not support the recommen-
dation that deeper sowing will reduce the risk of crop 
injury from Balance. In this study we observed some 
situations where there was less injury with deeper 
sowing, but we also found that in some cases there 
was more crop damage. 

The rain 8 DAS in experiment 3 probably was an 
important factor in the results obtained. It highlights 
the diffi culty in determining how much crop injury 
will occur. 

Because chickpea tolerance to isoxafl utole is infl u-
enced by both genetic and environmental factors it is 
important that a better understanding is pursued.
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FOOTNOTE
1  Balance – registered Trade Mark for isoxafl utole, 

Bayer Australia.




