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Abstract    The production of chickpea in the northern
grains region of eastern Australia has great potential
for breaking grass disease cycles, improving soil nu-
tritional status and alternating herbicides within crop
rotations. However, the susceptibility of chickpea to
weed competition has often hindered its adoption in
rotations. This paper summarises investigations into
the agronomic production of chickpea and how ma-
nipulations of sowing pattern, timing of herbicide ap-
plications and selection of varietal material can im-
prove weed management. These areas of investigation
form the foundation of an integrated weed manage-
ment package; however, further work is needed to re-
late crop and weed growth to environmental param-
eters for use in simulation models.

INTRODUCTION

Continuous cropping of grain cereals has been com-
mon practice in northern New South Wales (NSW)
(Hallsworth et al. 1954, Holland et al. 1987, Martin et
al. 1988). This form of cropping has resulted in the
depletion of soil organic carbon and nitrogen levels,
and decreased crop yields, grain protein contents and
financial returns to producers (Holland et al. 1987,
Horn et al. 1996). Pulse crops have often been incor-
porated into a rotation to benefit following cereal crops
and slow soil nitrogen losses while providing a dis-
ease and pest break (Doughton et al. 1981, Marcellos
et al. 1998).

Chickpea is grown on a wide range of soil types in
northern NSW, but is best suited to the medium to heavy
clays (Knights 1991). The use of chickpea in rotations
has been widely promoted after it was shown that their
inclusion could improve subsequent wheat yields,
(Marcellos 1984, Felton et al. 1998). However, there
are a number of difficulties associated with growing
chickpea in the grains region of north-eastern Australia.
Traditionally, lucerne has been grown in the region,
however, many of the pathogens and pests which are
associated with lucerne production have also been
found to affect chickpea (Knights 1991).

One of the major obstacles in growing chickpea suc-
cessfully is their poor ability to compete with weeds.
Crop losses of 90% are possible in weedy situations
(Knights 1991), and the lack of registered post-emer-
gence herbicides for broad-leaved weeds reduces the
options for weed management.

To address some of the problems of weed management
in the northern grains region (northern NSW, southern
Queensland), a Grains Research and Development
Corporation (GRDC) project was established. A com-
ponent of this project focused on the development of
an integrated weed management package for the pro-
duction of chickpea. In this four areas of research were,
a screening of herbicides for broad-leaved weed con-
trol in chickpea and early post emergent herbicide tol-
erance. Secondly, a survey of chickpea crops and grow-
ers to obtain information on the diversity and abun-
dance of weed species in chickpea crops, and to assess
the level of weed control following herbicide applica-
tion. The third aspect investigated the use of novel
herbicide application techniques for inter-row spray-
ing of chickpea. The fourth involved an assessment of
the competitive interactions between chickpea and
weeds, and agronomic practices that could potentially
improve the competitive ability of chickpea.

For an integrated weed management system to be suc-
cessful it must combine an understanding of weed con-
trol strategies with knowledge of crop and weed ecol-
ogy, and agronomic principles to maintain crop yields.
An integrated weed management package must also
be dynamic, to allow it to adapt to changes in farm
management, and it must contain ecological, applied
and economic components that compliment the exist-
ing farming system. The foundations of such an inte-
grated weed management system for chickpea require
a basic understanding of how weeds interact with chick-
pea. This research aimed to quantify the competitive
effects of weeds on chickpea, establish a sound basis
for the timing of weed control, and identify cultural
practices and breeding objectives for chickpea that may
increase its competitive ability. In this paper, we draw
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attention to the major findings from this work with
respect to these objectives, and discuss directions for
potential new research.

CHICKPEA/WEED COMPETITION

The relative growth rates of chickpea, turnip weed
(Rapistrum rugosum) and wild oat (Avena sterilis
subsp. ludoviciana) were examined at two sites,
Tamworth and Warialda, to investigate their competi-
tive interactions. The results from this single year ex-
periment showed that chickpea, turnip weed and wild
oat had similar growth curves. Active growth of all
plants commenced around 450 degree-days after sow-
ing and produced a classical growth curve (Fig 1).

could reduce chickpea grain yield by 50% (Fig 3). This
information would help predict potential yield losses
early in the season and enable more informed deci-
sions to be made on weed control.
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Figure 1. Relative growth rates of chickpea (▲), tur-
nip weed (●) and wild oats (■) at Tamworth in 1997.
Degree-days were calculated from sowing assuming a
base temperature of 5°C

When chickpea was grown in the presence of turnip
weed or wild oat, dry matter peaked at a lower level.
The point where the values predicted by the curves
(weedy and weed-free) diverged and differed signifi-
cantly was defined as the point of observed competi-
tion and, in the case of turnip weed, this separation
occurred at around 1100 degree-days after sowing
(Fig 2).

From these data control options for different regions
and sowing times can be calculated. This approach
would be improved by the combination of degree-days
and photoperiod such as in the crop development mod-
elling tool “DEVEL” (Holzworth and Hammer 1992).

Different densities of weeds were shown to affect the
yield of chickpea in a predictable manner. A rectangu-
lar hyperbolic curve described the effect of increasing
weed density on chickpea yield loss. Relatively low
densities of turnip weed (8 plants m-2) or wild oat (10
plants m-2) growing throughout the life of the crop
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Figure 2. Chickpea dry matter accumulation as a re-
sult of increasing degree-days under weed-free (▲)
conditions and in the presence of turnip weed (■) at
Tamworth in 1997. Broken lines show the 95% confi-
dence interval for each fitted curve. Degree-days were
calculated from sowing assuming a base temperature
of 5°C.
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Figure 3. Hyperbolic curve fitted to the turnip weed
density data for 1996 and 1997. Broken lines show the
95% confidence interval

The location of the weeds within the crop, i.e. grow-
ing in the crop row, between the crop rows or randomly
dispersed through the crop did not affect yield loss;
however, poor emergence reduced the weed density in
this trial. The results may have been different had
higher weed densities been achieved. Smaller, high-
density weed patches within the chickpea crop did not
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reduce chickpea yield to the same extent as distribut-
ing the same number of weeds more uniformly through-
out the crop area. These two results have implications
for management practices that rely on predictive mod-
els, because the weed distribution within the crop, if
not considered, can significantly bias results, and over-
estimate the need for weed control.

To assist in the management of weeds in chickpea, pre-
dictive models based on relative leaf area were inves-
tigated to help estimate the effect of specific weed in-
festations on chickpea yield early in the season. Rela-
tive leaf area was selected as a modelling parameter
because it could be measured non-destructively, and
its potential for incorporation into a practical mecha-
nised system for routine use. The 1-parameter leaf area
model (Kropff and Spitters 1991) offered the most ro-
bust predictions from the data collected. Weed density
was not used to predict yield loss due to unfavourable
reports within the literature, relating to the problem of
assigning equal damage coefficients to very small and
large weeds (Kropff and Spitters 1991). However, ex-
amination of the chickpea and weed (wild oat and tur-
nip weed) growth curves suggested that density may
be suitable for yield loss prediction, because the late
season flush of weed growth may cause early- and late-
emerging weeds to elongate together, and compete
similarly with the crop.

TIMING OF WEED CONTROL

The relative crop growth curves with and without weeds
(Fig. 2) highlight suitable times, based on accumulated
degree-days, to control weeds in chickpea. The opti-
mum time at around 500 degree-days after sowing was
the same at both the experimental sites, and was deter-
mined by maximising chickpea yields as well as mini-
mising weed seed returns to the seed bank. This tim-
ing was considerably later than expected but resulted
from slow initial growth rates of the weeds (turnip weed
and wild oat) and chickpea (Fig. 1).

CULTURAL MANAGEMENT AND BREEDING

Decreasing the distance between crop rows is often
seen as a way to improve crop competitive ability be-
cause narrow row spacing reduces the time to full
canopy closure. Conversely, producing chickpea on
wide rows has some benefits. The wider rows increase
airflow between the plants, reducing disease, and al-
low cereal stubble to remain undisturbed, which helps
prevent erosion. On the other hand, increasing row
widths may promote weed growth by delaying crop
canopy closure. This research showed that increasing
the row spacing from 32 to 64 cm had no detrimental

effect on the yield of chickpea when grown in the pres-
ence of either wild oats or turnip weed at weed densi-
ties between 2 and 32 plants m-2. The weed density
response curves in the narrow and wide rows showed
a positive effect on yield by the use of wide rows in
one case, but for the remainder there was no signifi-
cant difference between results from the two row
spacings. The positive effect of wide rows may have
resulted from better disease control. The use of wide
rows also would allow additional weed control to be
applied to the between-row space during crop devel-
opment.

A number of different chickpea varieties and breeding
lines are available in Australia. Some of these were
shown to differ in their competitive ability, but were
all considerably lower than wheat or canola. This is
unlikely to dramatically improve with breeding in the
foreseeable future. Current breeding objectives of im-
proving plant height and vigour are leading to small
improvements in the competitive ability of new chick-
pea varieties. If a variety of chickpea could be devel-
oped with radically different plant architecture, e.g.
greater height and denser canopy, this would help with
the competitive ability of the crop. For added benefits,
such a variety would also require a growth curve with
a shorter lag phase in the early stages, thus enabling it
to reach its mature height faster and shade the weeds
earlier in the season.

FUTURE RESEARCH DIRECTIONS

The main areas arising from this program that would
benefit from further investigation are the effects of time
of weed removal, the examination of different weed
species, and the effect of location, and therefore cli-
mate and photoperiod, on chickpea and weed growth.

The date of optimal weed removal obtained in this work
showed particular promise and potential for improv-
ing chickpea weed management. Only data from two
sites in one season were used to create the growth so
to improve reliability repeated experiments under dif-
ferent environmental conditions, and using a range of
weed species, are needed.

The effect of weed density is an important criterion in
understanding crop/weed interactions. This study fo-
cused on turnip weed and wild oat as the two principal
weeds of the northern grains region of Australia, but
other problem weeds in northern chickpea crops in-
clude common sowthistle (Sonchus oleraceus), bind-
weed (Convolvulus erubescens), paradoxa grass
(Phalaris paradoxa) and deadnettle (Lamium
amplexicaule). Little is known of the competitive
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effect of these weeds on chickpea, or how combina-
tions interact to reduce crop yield. An understanding
of the relative damage imposed by these secondary
weeds would help grain growers give priorities to weed
management and decide on control strategies. The re-
moval of specific weeds may be more important than
creating a weed-free crop, potentially reducing herbi-
cide use and production costs. Economic modelling,
simulation modelling, decision support systems and
precision weed management systems all require a good
understanding of weed/crop interactions, and their ef-
fectiveness in any integrated weed management sys-
tem is dependent on the quality and diversity of these
interaction data.

Environmental effects

The relationship between the environment, the crop
and the weed community are vital in understanding
how a cropping system works. While this research was
conducted at two sites, future experiments, as outlined
above, should involve the collection of detailed cli-
matic information to enable comprehensive simulation
models to be developed. Simulation models require
considerable input, but their use in predicting outcomes
(yield loss, economic returns, relative growth rates of
weeds and crops, weed seed production) and identify-
ing gaps in current knowledge are invaluable.

Other research areas such as precision weed manage-
ment and economic modelling are worthy of investi-
gation, but without a thorough understanding of the
competitive effects of different weeds on chickpea, and
the effects of the timing of weed control, these other
areas of research are likely to be less effective.

CONCLUSION

This paper identifies a number of factors that can be
combined to help improve chickpea weed management.
As part of an integrated weed management package
this work provides information on crop/weed interac-
tions and strategic times to apply weed control that
may reduce the need for repeated herbicide applica-
tion.
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