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Summary   The relative susceptibilities of two desi 
chickpea genotypes, 97039-1275 (tolerant line) and 
91025-3021 (sensitive line), to isoxaflutole were 
studied under a range of soil pH levels in a pot trial 
under glasshouse conditions. Isoxaflutole was applied 
pre-emergence at 0, 100 (recommended rate) and 400 
g ha-1. The soil pH was adjusted to approximately 5.0, 
6.8, 7.9 and 8.8. The results demonstrated the existence 
of differential tolerances among chickpea genotypes to 
isoxaflutole at different rates and soil pH. Isoxaflutole 
applied pre-emergence resulted in increased phytotox-
icity with increases in soil pH and herbicide rate. Even 
the most tolerant chickpea genotype was damaged 
when exposed to higher pH and herbicide rates, as 
indicated by increased leaf chlorosis (22–43%) and 
significant reductions in plant height (22–50%), shoot 
dry weight (32–67%) and root dry weight. The effects 
were more severe with the sensitive genotype. The 
susceptibility of chickpea to this key herbicide needs 
to be taken into account in breeding of new lines and 
in the agronomy of chickpea production.

Keywords    Soil pH,  herbicide tolerance,  chickpea 
genotype,  isoxaflutole.

INTRODUCTION
Chickpea is an important rotational crop in grain 
production systems of northern New South Wales and 
southern Queensland, but relatively few herbicide op-
tions have been available for effective broadleaf weed 
control in chickpea. Isoxaflutole at 100 g ha-1 is newly 
registered for the control of a wide range of broadleaf 
weeds including some otherwise difficult-to-control 
species. Although isoxaflutole provides satisfactory 
control of problematic weeds, under certain conditions 
crop injury can occur (Felton et al. 2004). There have 
been reports of injury to corn in the United States 
from isoxaflutole when used for selective weed control 
(Bhowmik and Prostak 1996, Sprague et al. 1999a). 
Sprague et al. (1999b) reported that corn injury was 
most common from isoxaflutole applied at high use 
rates on soils with low clay and organic matter. In ad-
dition, corn hybrids have been shown to differ in their 
response to isoxaflutole (Sprague et al. 1999c). Mitra 
and Bhowmik (2001) and Taylor-Lovell et al. (2000) 
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have reported that isoxaflutole and its herbicidally 
active metabolite diketonitrile are most labile in soils 
with low organic matter and high pH. 

Our previous polyhouse trials with different 
chickpea genotypes treated with varying rates of iso-
xaflutole showed line 97039-1275 to be amongst the 
most tolerant and 91025-3021 to be one of the most 
sensitive genotypes to the herbicide (Datta et al. 2005). 
However, limited information exists on the effect of 
soil pH on isoxaflutole injury to chickpea. Therefore, 
the objectives of this research were to (1) evaluate 
tolerance from the application of isoxaflutole across 
a range of soil pH levels, and (2) determine if these 
effects vary between the most sensitive and resistant 
desi chickpea genotypes.

MATERIALS AND METHODS
The effect of isoxaflutole was compared on the desi 
genotypes, 97039-1275 (tolerant line) and 91025-
3021 (sensitive line), grown in soil in a glasshouse 
at four pH levels. Soil (medium clay type, pH 6.8) 
was collected from a field site at the McMaster Re-
search Station, Warialda, New South Wales. The pH 
levels (1:5 soil/water) of this soil were adjusted to 5 
(4.9–5.1), 7 (6.8–6.9), 8 (7.9–8.1) and 9 (8.8–8.9). 
For increasing pH, fixed amounts of a 60% Ca(OH)2 
and 40% Mg(OH)2 mixture were added in two plastic 
bags each containing 500 g of soil. After mixing the 
soil thoroughly with the powder, water was added. To 
decrease the pH, a fixed volume of 1M H2SO4 was 
added to each soil sample. The plastic bags were then 
placed in a 14 cm diameter plastic pot and kept in a 
glasshouse at 15 to 25°C for a four week pH equili-
bration period during which the soil was watered at 
regular intervals and the pH was constantly monitored 
until it remained unchanged after three consecutive 
measurements. Five Rhizobium inoculated chickpea 
seeds were sown at a depth of 2.5–3 cm in the pH 
adjusted soil (1 kg). Isoxaflutole was applied one day 
after sowing (DAS) at 0, 100 and 400 g ha-1 equivalent 
using a gas-operated boom-sprayer. Seven DAS each 
pot was thinned to contain three chickpea seedlings. 
Pots were lightly watered every alternate day to keep 
the soil moist; pots also received 10 mm of simulated 
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rainfall at 1 and 7 DAS and after that at regular inter-
vals to avoid water stress. Chickpea crop injury was 
rated visually at 21 and 35 days after treatment (DAT) 
on a scale of 1–9 where 1 = no leaf chlorosis, 5 = 50% 
of leaves chlorotic with stunting and 9 = total loss of 
plants. Plant heights were also recorded at 21 and 35 
DAT by measuring the height from the ground level 
to the furthest extremity of the longest branch. At 35 
DAT, plants were harvested and dry weights of shoots 
and roots were measured.

The data were fitted with a linear model in R 2.3.0 
(R Development Core Team 2006) and presented with 
a linear regression and 95% confidence limits. P values 
were calculated using the ANOVA function.

RESULTS
Pre-emergence application of isoxaflutole caused 
injury and reduced plant height in both chickpea 
genotypes. Visible crop injury symptoms included 
yellowing of lower and middle branches of leaves, 
shedding of leaves, stunting, and, for the sensitive 

genotype, necrosis. There was a strong pH response, 
and injury ratings and plant height reductions were 
greater at higher rates of isoxaflutole on high pH soils. 
For plant height at 35 DAT (data not shown), the three 
way interaction (genotype × herbicide rate × pH) was 
highly significant (P <0.001). In addition, all the two 
way interactions (rate × pH, rate × genotype and pH 
× genotype) were also significant (P ≤0.03). 

Increasing isoxaflutole rate reduced plant height 
more strongly at neutral to alkaline pH (P(slope) 
≤0.012) in the case of the sensitive genotype (up to 
42% for the recommended rate and 55% for the higher 
rates with increased soil pH). The tolerant genotype 
also experienced significant reductions in plant height 
(up to 22% for the recommended rate and 50% for the 
higher rates with increased soil pH) at 35 DAT. Both 
genotypes showed injury symptoms at 21 DAT (data 
not shown) and 35 DAT (Figure 1). The three way 
interactions were highly significant (P <0.01) for the 
injury ratings recorded at 21 and 35 DAT.

Figure 1.   Effect of increasing rates of isoxaflutole on injury rating at 35 DAT of a sensitive and a tolerant 
chickpea genotype as affected by soil pH. 1 = no leaf chlorosis, 5 = 50% of leaves chlorotic with stunting and 
9 = total loss of plants. Shaded areas are 95% confidence intervals of the response curve.
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At the recommended rate of isoxaflutole (100 g 
ha-1), increasing pH did not increase leaf chlorosis 
for the tolerant line at 21 DAT but did by 35 DAT. 
For the sensitive line the effect of increasing pH was 
more pronounced at both sampling times. At the 
high rate of isoxaflutole, death of the sensitive line 
occurred at high pH, while injury was much lower at 
pH 5. In the tolerant line minimal damage occurred at 
pH 5 (at both samplings), but damage occurred with 
increasing pH. 

The three way interactions were highly signifi-
cant (P <0.01) for shoot dry matter and all the two 
way interactions were also significant (P ≤0.02). 
Significant reductions in shoot dry matter occurred in 
the tolerant genotype with increased soil pH (Figure 
2). The change of shoot dry matter of the tolerant 

genotype was not significant for the pH range up to 
pH 8 (P(slope) ≥0.335) but at pH 9 it was significant 
(P(slope) = 0.022). The damage was more severe in 
the sensitive genotype. The change of shoot dry mat-
ter of the sensitive genotype was highly significant 
(P(slope) ≤0.016) for the whole pH range except for 
pH 5 (P(slope) = 0.379).

Both genotypes behaved in a similar way for 
different herbicide rate and pH levels with respect 
to root dry matter (data not shown) as the three way 
interactions were not significant. But the root dry 
weight varied for different herbicide rates at different 
pH levels and there were also differences in root dry 
weight between genotypes at particular pH levels. 
Root dry weight decreased for both of the genotypes 
at increased herbicide rate and pH.

Figure 2.   Effect of increasing rates of isoxaflutole on the shoot dry weight of a sensitive and tolerant chickpea 
genotype as affected by soil pH. Shaded areas are 95% confidence intervals of the response curve.
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DISCUSSION
The results of this experiment show that chickpea 
genotypes differ in their sensitivity to isoxaflutole. 
Furthermore, soil pH had a major effect on the injury 
of chickpea genotypes in response to the application 
rate of isoxaflutole. This research confirms research 
that has shown differential tolerance of corn hybrids 
to isoxaflutole (Sprague et al. 1999c). 

The rate of herbicide metabolism may be a major 
factor in determining the differential tolerances of 
chickpea genotypes. Sprague et al. (1999c) reported 
that corn hybrids more tolerant to isoxaflutole were 
able to metabolise it more rapidly than the more 
sensitive hybrids. Previous research by Pallett et al. 
(1998) has identified isoxaflutole metabolism as the 
primary basis for differential selectivity between the 
tolerant species corn and a susceptible species Abutilon 
theophrasti Medik. (velvetleaf). 

It has been reported that the low basicity of the 
isoxazole ring should enable proton addition of isox-
aflutole at low soil pH and in turn increase isoxaflutole 
adsorption by cation exchange and reduce the rate 
of isoxaflutole soil dissipation (Goetz et al. 1986, 
Rouchaud et al. 1998). In laboratory studies, it has 
been reported that isoxaflutole is more stable under 
acidic conditions than in neutral or alkaline media 
regardless of the prevailing temperature (Beltran et 
al. 2000). Injury symptoms generally increased and 
plant dry weight decreased as herbicide rate and pH 
increased irrespective of the genotype. The most toler-
ant genotype showed symptoms of injury at high pH 
levels at the recommended rate of isoxaflutole (100 
g ha-1) and the symptoms translated into reductions 
in plant height (35 DAT) and dry matter of shoots 
and roots. The effects of high soil pH on the sensitive 
genotype were more severe. 

In order to achieve effective weed control in chick-
pea using the herbicide isoxaflutole without sustaining 
significant crop injury, care will be needed in select-
ing tolerant genotypes and in avoiding high pH soils. 
Future research is also required to further examine 
the effects of isoxaflutole in chickpea with respect to 
combined effects of soil organic matter and pH.
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