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Summary
Suspensions of Colletotrichum orb-
iculare have been applied as an experi-
mental mycoherbicide to successfully
control Bathurst burr (Xanthium
spinosum). Tween 20® and glycerol were
assessed in field trials as additives to
spore suspensions in an attempt to im-
prove plant kill by C. orbiculare. Sus-
pensions were mixed on site and applied
at dose rates of zero, 1010, 1011 and 1012

spores ha-1. High per cent (>76%) kill
was achieved in four of seven trials. Nei-
ther Tween 20® nor glycerol offered any
improvement over water as a sole liquid
carrier at any site. Higher spore dose
rates were associated with increased
plant kill.

Introduction
The potential of Colletotrichum orbiculare
(Berk. and Mont.) v. Arx, which causes an
anthracnose disease, as a mycoherbicide
for control of Bathurst burr (Xanthium
spinosum L.) has been clearly established
in controlled environment (Auld et al.
1988, Auld et al. 1990a, McRae and Auld
1988) and field trials (Auld et al. 1990b,
Klein and Auld in press) using water as a
sole liquid carrier. Addition of surfactants
improve adhesion and germination rates
of Ascochyta pteridis and Phoma aquilina on
bracken (Pteridium aquilinum) (McElwee
et al. 1990). Grant et al. (1990) suggested

that Tween 20® could have potential to
enhance development of C. gloeosporioides
(Penz.) Sacc. f.sp. malvae on plants and
reduce its dew period requirements. Like-
wise surfactant or glycerol markedly in-
creased mortality of coffee green scale
(Coccus viridis (Green)) when added to a
spore suspension of Verticillium lecanii
Zimm. (Jayaraj 1989). Hence trials to test
the effectiveness of surfactant (Tween
20®) or glycerol as an additive to spore
suspensions of C. orbiculare and applied
to X. spinosum were conducted in the
field.

Materials and methods

Tween 20®

Dried spores mixed with kaolin (hydrated
aluminium silicate) were prepared by
Sandoz Agro, Switzerland, in September
1991 and another batch in September 1992
using the procedure developed from
Auld et al. (1989). Pre-weighed spores of
C. orbiculare were added on site to water
containing zero, 0.01% (v/v) or 0.05%
(v/v) of the surfactant Tween 20®, and the
suspensions were mixed and applied to
plots containing Bathurst burr plants
within 15 minutes. Serial dilutions using
water containing the appropriate concen-
tration of Tween 20® were made from a
106 spores mL-1 suspension and were

applied in 1000 L ha-1 water at dose rates
of 1012, 1011 and 1010 spores ha-1.

Suspensions of inocula with different
concentrations of Tween 20® were applied
to Bathurst burr plants in field plots at
each of five sites in New South Wales (Ta-
ble 1).

Glycerol
Glycerol was mixed with water on site at
each of four rates: zero (control), 0.2%
(v/v), 1% (v/v) and 5% (v/v) glycerol.
Spores were added to each solution to
give spore dose rates of 1011, 1010 and 0
spores ha-1 when applied in 1000 L ha-1 at
Forbes B (a site adjacent to Forbes A). In a
second experiment 5 × 1011 spores ha-1

were applied with 0, 0.2% and 1% (v/v)
glycerol in a lower water volume of 500 L
ha-1 at Mandurama C (Table 1).

Applications were made within two
hours of sunset, commencing approxi-
mately one hour before sunset, using a
two metre hand held boom sprayer from
which the suspensions were propelled by
compressed nitrogen at 250 kPa through
flat fan spray nozzles (03-F110 Lurmark®,
Lurmark Ltd, Cambridge, England) with
100% overlap of spray pattern.

Plants were 25–45 cm high when treat-
ments were applied (Table 1). Plots were
2 × 6 or 8 m (Table 1) and assessments
were made in the central portion of each
plot. The total number of plants and those
affected by anthracnose were counted
and per cent kill calculated at weekly or
fortnightly intervals. Monitoring was ter-
minated when all plants in the most suc-
cessful treatment were dead or when
plants had set fruit. Treatments were rep-
licated four times in each experiment. A
square root (x + 0.5)0.5 transformation was
applied to per cent kill data before apply-
ing an analysis of variance and means
were separated using Fisher’s protected
least significant difference when the F test
proved significance. Back transformed
means are presented in the results.

Periods of leaf wetness (dew period)
were recorded for 24 h after application
using flat-plate electronic sensors with an
in-line potentiometer (1 × 105 Ω) con-
nected to a Maximiser® digital recorder
(Northern Rivers Industrial Electronics,
Alstonville, New South Wales, Australia).

Results

Tween 20®

There was no significant effect (P>0.05) of
Tween 20® on per cent kill in any trial (Ta-
ble 2). There were however, significant in-
creases (P<0.05) in per cent kill as spore
dose rates increased (Table 2). At Forbes
A, two dew periods were recorded, the
first for 1.25 hours and the second two
hours later for 1.05 hours (total of 2.3 hrs)
(Table 1). Overhead irrigation was ap-
plied the following day which resulted in

Research reports

Evaluation of Tween 20® and glycerol as additives to
mycoherbicide suspensions applied to Bathurst burr

T.A. Klein and B.A. Auld, NSW Agriculture, Agricultural Research and
Veterinary Centre, Orange, New South Wales 2800, Australia.

Table 1. Sites where Tween 20® or glycerol were mixed with spore
suspensions of Colletotrichum orbiculare and applied to Bathurst burr
(Xanthium spinosum).

Site Date Plant Plot Plant Growth Dew
applied height size water stage period

(cm) (m) status (hours)

a) Tween 20®

Forbes A 8/1/92 45 8 × 2 unstressed vegetative 2.3
Mandurama A 29/1/92 25 8 × 2 unstressed vegetative –
Mandurama B 30/1/92 25 8 × 2 stressed vegetative 2.5
Panuara A 10/2/92 26 6 × 2 unstressed vegetative 17.0
Panuara B 8/3/92 35 6 × 2 stressed flowering 0

b) Glycerol
Forbes B 23/12/91 40 8 × 2 stressed vegetative 5.0
Mandurama C 19/1/93 30 6 × 2 unstressed vegetative 6.0
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a further 45 minutes of leaf wetness. De-
velopment of disease was very slow and
only 12–15% of plants were dead after
twelve weeks where 1011 spores ha-1 were
applied (Table 2). Plants began dying af-
ter four weeks at Mandurama A and after
six weeks a mean of 76% kill at 1012 spores
ha-1 was recorded (Table 2). At Man-
durama B there was a mean 77% kill after
12 weeks where 1012 spores ha-1 were ap-
plied.

Rainfall shortly after application at
Panuara A resulted in 17 hours leaf wet-
ness which would favour infection
(McRae and Auld 1988). Treatments
where 1011 spores ha-1 were applied re-
sulted in a significantly higher per cent
(P<0.05) kill after four weeks than where

1010 spores were applied (data not pre-
sented). By eight weeks, 80% of plants
were dead at 1010 spores ha-1 and 96% at
1011 spores ha-1 (Table 2). All plants were
dead in inoculated plots after 10 weeks.
Although no dew was recorded during
the night following spraying at Panuara
B, 8.5 hours were recorded the following
night. However negligible disease devel-
oped, hence plant death was inconse-
quential (Table 2).

At Forbes, fruits which began forming
on plants affected by anthracnose and
which subsequently died did not mature.
However seeds were formed in fruits on
many plants which developed lesions but
which did not die by final assessment. In
contrast, anthracnose developed on the

majority of plants where 1012 spores ha-1

were applied in both fields at Man-
durama and these plants died before
fruits were formed.

Glycerol
There were no significant differences be-
tween the control (zero spores) and where
1010 spores ha-1 were applied. There was
no significant effect on per cent kill by
adding glycerol to the spore suspensions
nor was there any evidence of phyto-
toxicity from the glycerol. Plots at Forbes
B were irrigated the night of application
which resulted in five hours dew. Little
disease was observed in the first six
weeks at Forbes, following which ap-
proximately 25% of plants developed one
or two lesions toward the plant base.
Final assessment was made after 11
weeks when there was a mean of 13.5%
kill in plots treated with 1011 spores ha-1

(Table 3).
At Mandurama C where 6 hours dew

was recorded there also was no effect of
glycerol with a mean across treatments of
85% kill after eight weeks (Table 3).

Discussion
Tween 20® and glycerol did not increase
plant deaths caused by C. orbiculare across
the range of environments. These in-
cluded sites where plant death associated
with anthracnose development was low
and sites where plant death approached
100% kill. Plant death was also recorded
in uninoculated control plots. Butler
(1951) likewise reported that Bathurst
burr plants bordering inoculated areas
developed disease. Secondary spread of
C. orbiculare was also noted in field trials
by Auld et al. (1990b). Say (1990) demon-
strated the importance of free water and
water splash in the dispersal of
C. orbiculare. Our observations (unpub-
lished) indicate that anthracnose can be
initiated within a season on plants up to
2 m from a focal point where single plants
were inoculated. Hence secondary spread
of inocula during the season would ac-
count for the development of disease, and
resultant plant death, in control plots.

Addition of Tween 20® had no signifi-
cant effect on per cent kill in any environ-
ment tested. However, there was a trend
for a higher number of plants with lesions
(data not presented) where Tween 20®

was used at Forbes, which suggested
some benefit. Infection by C. orbiculare
was quite difficult in this situation be-
cause the plants were old and there was a
short dew period, both of which restrict
infection and disease development
(McRae and Auld 1988, Auld et al. 1990a).
At both Mandurama sites there was ulti-
mately a similar per cent kill but the
mycoherbicide was faster acting on the
river flats (Mandurama A) and this may
have been due to more suitable moisture

Table 3 Effect of Colletotrichum orbiculare on per cent kill of Bathurst burr
(Xanthium spinosum) when applied as spore suspensions with glycerol as
an adjuvant.

Glycerol Spore dose (ha-1)

0 1010 1011 meanA

a) Forbes B (12 weeks after treatment)
zero 7.9 7.7 15.9 10.4
0.2 % 11.9 5.4 15.2 10.8
1.0 % 4.1 5.6 14.0 7.9
5.0 % 6.4 8.8 9.3 8.2
meanB 7.5 6.9 13.5

b) Mandurama C (8 weeks after treatment)
zero – – 82
0.2 % – – 83
1.0 % – – 90
meanA 85

A There were no significant (P>0.05) differences in per cent kill between glycerol con-
centrations.
B Per cent kill where 1011 spores ha-1 were applied was significantly (P<0.05) higher than
zero or 1010 spores ha-1.

Table 2. Main effectsA of Colletotrichum orbiculare on per cent kill of
Bathurst burr (Xanthium spinosum) plants when applied as spore
suspensions in water as the sole liquid carrier or in water plus Tween 20®.

SiteB Forbes A Mandurama A Mandurama B Panuara A Panuara B
Time to assessment 12 6 12 8 8
(weeks after treatment)

Liquid carrier
water 7.3 48 32 95 1
Tween 0.01% 8.3 – 32 – –
Tween 0.05% – 47 35 96 1

Spore dose (ha-1)
  0 5.5 a 0 a 2 a 39 a 0 a
1010 4.5 a – 5.7 a 80 b 2 a
1011 13.5 b 19 b 47 b 96 b 0 a
1012 30 c 76 c 77 c – –

A There were no significant interactions (P>.05) between liquid carrier and spore dose,
main effect means (backtransformed (x+0.5)0.5) are presented. There were no signifi-
cant differences (P>.05) between water and Tween 20® treatments at any site. Spore
dose values followed by the same letter within sites were not significantly different
(P>.05).
B Dose rates of spores ha-1 (S) in water as the sole carrier (W) or in water plus Tween 20®

(WT) for each site (left to right) were, respectively: 1010 and 1011 S applied in W or WT,
1012 S applied in W; 1011 and 1012 S applied in W or WT; 1010, 1011 and 1012 S applied W or
WT; 1010 S applied in WT and 1011 S applied in W or WT; 1010 and 1011 S applied in W or
WT. Water only was applied as a control treatment at each site.

concentration
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conditions (Table 1). Auld et al. (1990a)
demonstrated that moisture stress prior to
application of spores limits anthracnose
development on Bathurst burr.

The addition of glycerol presumably
reduced the rate of water evaporation
from the suspension but no effect on dis-
ease development was seen. In prelimi-
nary glasshouse studies 0.2% glycerol ap-
plied with spores of C. orbiculare to
Bathurst burr plants proved effective in
increasing disease development (Nolte
et al. unpublished). This result was not re-
peated in these field experiments. The ef-
fect of rainfall after the first application at
Panuara probably overrode any potential
differences between treatments. On the
night of the second application there was
no dew but the formation of dew on the
night following application was expected
to promote a greater level of disease de-
velopment with subsequent plant death
than was recorded. The reasons for the
limited disease development may be the
relatively low temperatures, particularly
overnight, which were experienced from
the beginning of March. Auld et al.
(1990a) noted that lower temperatures de-
layed infection of Bathurst burr plants by
C. orbiculare.

The failure of Tween 20® to improve
mycoherbicidal activity in these field tri-
als may relate to its effect on surface ten-
sion of droplets. Increased dispersal of
spore suspensions on plant surfaces by a
surfactant such as Tween 20® may result
in a faster rate of evaporation than where
water alone is used. Water suspensions
have a higher surface tension and tend to
runoff leaf and stem surfaces and accu-
mulate at nodes in leaf axils or at the base
of the plant. This in turn may result in
longer periods of adequate moisture and
an increased spore dose in leaf axils and
at plant bases. The current data does not
substantiate this hypothesis, but the po-
tential role of increased droplet size in this
manner warrants investigation.
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