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EARLY DESICCATION AS A TOOL FOR ARROWHEAD CONTROL
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Abstract   Arrowhead (Sagittaria montevidensis Cham.
et Schlecht.) is an aquatic broad-leafed plant that was
first identified as a weed in rice in the 1960s.  Since
that time, it has become a more prevalent problem and
in recent years some populations have developed re-
sistance to Londax®, the major herbicide used for its
control.

To counteract the problem of herbicide resistance, one
approach is to develop cultural control methods.  These
methods require research into the triggers and inhibi-
tors of arrowhead growth.  One such inhibitor may be
early desiccation.

Arrowhead seeds were allowed to germinate in sub-
merged soil.  Following germination, some of the ex-
perimental pots were taken out of water and allowed
to desiccate for varying periods.  They were then re-
submerged for a set period, after which survival and
growth were measured.  Results showed that early des-
iccation significantly inhibited the numbers and size
of arrowhead plants that grew.

Mature arrowhead plants from later in the rice grow-
ing season were exposed to similar desiccation treat-
ments.  Results showed no significant effect of short
desiccation periods on the continued growth of these
plants.

Results suggest rice growers may be able to use an
early short period of desiccation to inhibit arrowhead
survival and growth through a rice crop. While not
completely eliminating arrowhead, inhibition of growth
may give rice a competitive advantage over the weed.
Desiccation may be combined with herbicide in an in-
tegrated program for increased control, and the sea-
sonal contribution to the arrowhead seed bank may also
be reduced.

INTRODUCTION

Belonging to the family Alismataceae, arrowhead
(Sagittaria montevidensis Cham. et Schlecht.) is an
emergent, broad-leafed aquatic plant, native to North
and South America. It is a weed of rice in both Cali-
fornia and Australia (McIntyre and Barrett 1985), as
well as Brazil and Uruguay (Gonzalez et al. 1981).

First seen in Australia in Sydney in 1926, Sagittaria
montevidensis Cham. et Schlecht. subspecies calycina
(Engelm.) Bogin, an annual, was discovered in rice in
the Murrumbidgee Irrigation Area (MIA) in 1962
(Aston 1973), and since then has spread south to the
Coleambally Irrigation Area, and to the Murray Val-
ley.

Aquatic species have become more of a problem in
NSW since the widespread adoption of aerial sowing.
While inundation is a traditional method of control-
ling terrestrial weeds in rice fields, aquatic and semi-
aquatic species are able to grow and reproduce in in-
undated conditions. With the adoption of aerial sow-
ing, rice establishment occurs entirely under flooded
conditions. The field is inundated from just before sow-
ing to just before harvest, longer than other sowing
methods, which are flooded after sowing and may be
drawn down again for short periods throughout the
season.

This extended inundation allows aquatic weeds greater
opportunity for establishment and reproduction. The
high nitrogen input in rice crops also encourages weed
growth and competition (Hill et al. 1994), while the
large seed production and persistent seed banks char-
acteristic of aquatic species (McIntyre 1985) allow
them to perpetuate and spread.

Control of aquatic weeds in rice is almost entirely de-
pendant on herbicides. Industry estimates show that
$6 million is spent annually on herbicide for the con-
trol of weeds in rice (Pollock 1992). Such dependence
on herbicides inevitably leads to development of her-
bicide resistance in plants (Powles and Holtum 1994).

Control of arrowhead has been almost exclusively with
the use of bensulfuron methyl, a broad spectrum her-
bicide effective for controlling broad-leafed weeds at
very low rates in rice fields (Yim and Bayer 1996),
sold commercially as Londax®. MCPA may be used,
but the danger of spray drift damaging nearby horti-
cultural crops limits its applicability in the MIA, and a
suitable ground based spraying system is yet to be de-
veloped (see Taylor 1996).  Like California, where
bensulfuron was introduced in 1989 and was soon in
use on 90% of crops (Hill et al. 1994), there has been
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a dependence in NSW on Londax® to control arrow-
head and resistance was soon discovered (Graham et
al. 1996).

To develop integrated weed management systems, we
need to look at alternatives to herbicidal control of
weeds.  In integrated systems, cultural control prac-
tices would play a role alongside herbicides and pos-
sibly biological controls.  In this paper desiccation at
various times in the rice growing season is investigated
as a possible control measure for the aquatic weed ar-
rowhead.

MATERIALS AND METHODS

a) early desiccation   Twenty-five arrowhead seeds
were sown onto a wet soil surface in plastic pots.  The
soil surface was then allowed to dry. The purpose of
this was to adhere the arrowhead seed to the soil sur-
face so, when the pots were inundated, the seeds would
not float off.  The pots were then immersed in water,
each pot in its own plastic tub.  Four treatments were
then undertaken on the pots, each with four replicates:

• upon germination of arrowhead seeds, water
was removed for one week before being re-
stored for another 5 weeks.

• upon germination of arrowhead seeds, water
was removed for two weeks before being re-
stored for another 4 weeks.

• one week after germination of arrowhead seeds,
water was removed for one week before being
restored for another 4 weeks (one late week).

• control - water remained for full 6 weeks of
trial.

The time of arrowhead germination was determined as
the time at which seeds in solution in a vial floating in
one of the tubs were seen to germinate.  In the case of
this trial, that time was five days.  All treatments ran
for 6 weeks following that initial germination.  At the
end of that six weeks, the number of plants grown were
counted and expressed as percentage germination and
the average shoot length of emerged plants was meas-
ured.

Data were analysed using analysis of variance.  The
percentage germination data were transformed using
degrees arcsin square root transformation to meet the
assumptions of an analysis of variance.

b) mid season desiccation   Plants that had been grown
in pots for 10 weeks were placed in individual tubs
and inundated with water.  Before the trial, the number
of plants in each pot was recorded, as were the number
of lanceolate leaves and the length of the longest shoot
per plant.  Three treatments replicated three times were
then imposed:

• water was removed from tubs for one week,
then restored for a further 4 weeks.

• water was removed from tubs for two weeks,
then restored for a further 3 weeks.

• control - pots remained inundated for the 5
week period of the experiment.

At the end of the five week period, number of lanceo-
late leaves and the length of the longest shoot per plant
were again recorded and the differences between the
numbers before and after the trial compared.

c) late desiccation   Plants that had been grown in the
field for four months were planted in individual tubs
and inundated with water.  Before the trial, the number
of sagittate (arrow shaped) leaves and the length of
the longest shoot were recorded.  Three treatments were
then undertaken with three replicates for each treat-
ment:

• water was removed from tubs for one week,
then restored for a further 4 weeks.

• water was removed from tubs for two weeks,
then restored for a further 3 weeks.

• control - pots remained inundated for the 5
week period of the experiment.

At the end of the five week period, number of sagittate
leaves and the length of the longest shoot were again
recorded and the differences between the numbers be-
fore and after the trial compared.
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RESULTS

a) early desiccation   Analyses of variance showed
that in both the percentage germination and the aver-
age shoot length, there was no significant difference
between the one week of desiccation and two weeks of
desiccation treatments, but that these were both sig-
nificantly different from the control treatment and the
“one late week” of desiccation treatment.  Germina-
tion in the “one late week” treatment did not differ
significantly from the control, but shoot length was
significantly less than the control.
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Figure 2.  Effect of desiccation on average shoot length

Figure 3.  Change in number of lanceolate or sagittate
leaves per pot after treatment

Figure 1. Effect of desiccation on (transformed per-
centage germination

b) mid season desiccation   Analyses of variance
showed no differences between the three treatments in
change in number of lanceolate leaves over the five
weeks of the trial, but a significant reduction in shoot
length in the 2 weeks dry treatment from the control.
There was no significant difference between the one
week dry treatment and the control.

c) late desiccation   Analyses of variance showed no
differences between the three treatments in change in
number of sagittate leaves over the five weeks of the
trial, but there was a significant reduction in shoot
length in the 2 weeks dry treatment from the control.
There was no significant difference between the one
week dry treatment and the control.

Figure 4. Change in length of longest shoot (mm) af-
ter treatment
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DISCUSSION

This simple trial illustrates the potential of a period of
desiccation in the control of arrowhead.  The results
suggest that the most effective time to undertake this
desiccation is early in the rice growing season.  Desic-
cation was more effective against young arrowhead
plants, reducing emergence by around 75 percent and
seedling growth by between 35 and 75 percent.  Des-
iccation of older plants led to no significant decrease
in the number of plant leaves and in both the mid sea-
son and late season plants, only led to a significantly
greater loss in shoot length after two weeks of desic-
cation.  In practice, such a long desiccation could not
be undertaken due to the possibility of damage to rice
in the latter part of the season.

The early desiccation of rice bays in order to partially
control arrowhead has potential in an integrated weed
management system along with herbicide mixes and
possibly biological control to improve control of ar-
rowhead.  This integrated approach may help to avoid
the issue of herbicide resistance in the future.
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