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Summary

A paraquat-resistant broadleaf weed,
Crassocephalum crepidioides infesting
tomato and cabbage fields in Tanah Rata,
Cameron Highlands, Malaysia was iden-
tified in a greenhouse study. Paraquat
dichloride at 1 kg ha! had been applied
twice a year to the affected fields for 10
years. Dose-response tests were con-
ducted, using 6- and 9-week-old plants
that had received repeated exposure to
paraquat and those that had no history of
paraquat application. The estimated ED,
(paraquat dose required to reduce shoot
fresh weight by 50%) of both biotypes
was lower for the 6-week-old as com-
pared to the 9-week-old plants. Further-
more, the ED,, of resistant (R) biotypes
was approximately three times higher
than that of the susceptible (S) biotype
for both the growth stages studied.

Introduction

Shortly after the introduction of herbicides
for weed control, Harper (1956) predicted
that repeated use of the same herbicide
would almost inevitably be followed by
the development of a resistant biotype of
the weed. In 1979, the first case of a
paraquat-resistant weed (Conyza bon-
ariensis) was reported in Egypt (Summer
1980). About 16 years later, 18 dicotyl-
edonous and seven monocotyledonous
weed biotypes had developed resistance
to paraquat due to frequent application of
the herbicide in 12 countries (Heap 1994,
1997). Paraquat-resistant biotypes have
been reported to withstand from five to
250 times higher dosage of paraquat than
susceptible biotypes (Purba et al. 1993).
Paraquat has a single target and a specific
mode of action: characteristics which con-
tribute to the high probability for evolu-
tion of herbicide resistance (Holt and
LeBaron 1990).

A paraquat-resistant biotype of the an-
nual broadleaf weed Crassocephalum
crepidioides was first reported in 1990 in
the tomato fields near Tanah Rata,
Cameron Highlands, Malaysia (Itoh et al.
1990). C. crepidioides, also known as
redflower ragleaf, is a common weed in
tomato and potato fields in the Cameron
Highlands. Paraquat had been applied
twice a year at a concentration of 1 kg ha?
to these fields for ten years. Preliminary

studies had shown that the level of resist-
ance in the R biotype of C. crepidioides was
100-fold higher than that of the S biotype
through leaf disc tests involving various
concentrations of paraquat (Itoh et al.
1990). The objective of this preliminary
study was to determine the degree of re-
sistance in C. crepidioides by conducting
whole plant dose response tests on the R
and S populations under greenhouse con-
ditions.

Materials and methods

Plant materials

Crassocephalum crepidioides seeds and
leaves were collected from two popula-
tions in the Cameron Highlands, Pahang.
One population was derived from five
patches (M1, M2, M3, M4 and M5) in to-
mato and cabbage fields in the research
station of the Malaysian Agricultural
Research and Development Institute
(MARDI), at Tanah Rata where paraquat
had been applied twice a year for ten
years. Another population came from five
patches (B1, B2, B3, B4 and B5) along the
roadsides in Brinchang and was pre-
sumed not to have been previously ex-
posed to paraquat. The weed populations
from Brinchang were located 15 km from
the MARDI research station.

Leaves of plants from the five patches,
at the MARDI Research Station and
Brinchang were collected and screened for
resistance to paraquat by punching 5 mm
leaf discs and floating them on various
concentrations of paraquat: 0, 0.1, 1.0, 10,
100, 1000 ppm under light at 25°C for 48
hours (Itoh et al. 1990). Five discs from
each leaf and ten leaves from each patch
were used for testing each concentration
of paraquat. Each treatment was repli-
cated three times. Paraquat was applied as
a formulated product of Gramoxone®
(CCM).

Seeds from each patch were germi-
nated in the 36 x 26 x 5 cm plastic trays
containing moist sand. After two weeks,
seedlings of each patch were transplanted
into 7 cm diameter cups containing sand
and grown in the greenhouse at 29 + 4°C,
a 12 hour photoperiod and a light inten-
sity of 800 HE m?2 sec? PPFD. Plants were
watered twice daily and fertilized with 5
mL of half strength Hoagland’s nutrient

solution three times weekly. Three weeks
after transplanting, seedlings were
screened for resistance to paraquat by
spraying with paraquat at the rate of 0.5
kg ha! in order to confirm resistance or
susceptibility.

Dose-response experiments

The seeds were selected from the identi-
fied R and S populations as confirmed by
the two tests and then germinated sepa-
rately as described above. After two
weeks, seedlings of the R and S biotypes
were transplanted into 7 cm diameter cups
containing sand and grown in the green-
house at 29 + 4°C, a 12 hour photoperiod
and a light intensity of 800 phE m2 sec™
PPFD. The plants were watered twice
daily and fertilized with 5 mL of half
strength Hoagland’s nutrient solution
three times weekly. Plants from both
biotypes were sprayed with paraquat at 6
and 9 weeks after germination.

Plants from each biotype were ran-
domly divided into six herbicide treat-
ment groups, with nine plants per treat-
ment. Paraquat doses used were 0, 0.25,
0.50, 1.00, 2.00 and 4.00 kg ha. The herbi-
cide was applied to the plants with a
knapsack sprayer positioned 60 cm above
the plants, delivering 450 L ha at one bar
pressure . After spraying, the plants from
each biotype were placed in the dark for
12 hours, and then returned to the green-
house. The plants were arranged in a com-
pletely randomized design in each experi-
ment. Three days after spraying, the
above-ground living tissue remaining on
each plant was harvested and weighed.

Statistical analysis

The shoot fresh weight was plotted
against the paraquat rate in order to deter-
mine the paraquat dose that caused a 50%
reduction in shoot fresh weight (ED.).
The dose was expressed in kg ha?. Data
from each biotype was fitted to the expo-
nential decay function: Y = a+ e*** where
a, b and c are coefficients, and x is the
paraquat rate. All data was subjected to
analysis of variance and means were com-
pared using the Duncan test and t-test at
the 5% level of significance. The Duncan
test was used to compare the means ob-
tained from using different paraquat rates
on each biotype while the t-test was used
to compare ED,, between R and S biotypes
at both growth stages for the dose-
response experiments

Results and discussion

Leaf disc tests and whole plant assays
Leaf disc test on leaf samples from
Brinchang showed that plants from three
patches (B1, B2 and B3) were susceptible
to paraquat while leaf samples from all
five patches in MARDI were resistant to
paraquat. The results of the whole plant
test showed that plants grown from seeds



collected from four patches, with the ex-
ception of M5 were resistant to paraquat,
while all plants grown from seeds col-
lected from Brinchang were susceptible to
paraquat.

Results from the resistance screening of
the whole plant were different from that
involving the leaf disc technique, prob-
ably due to environmental factors such as
soil nutrients and the degree of shading
which were not homogeneous under field
conditions. An earlier study had shown
that plants grown under a high nitrogen
regime manifested significantly less
paraquat damage than plants grown in
soil with low nitrogen levels (Lutman et al.
1975). This could probably be the reason
when using the leaf disc test, the leaves
from patch M5 maintained their green col-
our even at higher concentrations of
paraquat.

The leaves collected from patches B4
and B5 were exposed in the sunlight while
the leaves from patches B1, B2 and B3
were collected from shady places. Ex-
posed conditions may be the cause of the
leaves from patches B4 and B5 having
thicker cuticle and higher trichome den-
sity than leaves from the three other
patches, resulting in lower uptake of
paraquat. Hence, the result of the leaf disc
assay showed that leaf discs from patches
B1, B2 and B3 had completely lost their
green colour at 10 ppm while leaf discs
from patches B4 and B5 only showed com-
plete green discoloration at 1000 ppm.

However, the seeds collected from the
five patches at the MARDI Research Sta-
tion and Brinchang were germinated and
grown under the same environmental
conditions in the greenhouse, the differ-
ence in leaf characteristics and other envi-
ronmental factors were reduced. There-
fore, the whole plant screening showed
that patches M1, M2, M3 and M4 are the R
biotype while the patch M5 from MARDI
and plants from all five pathes at
Brinchang are the S biotype.

However, there are several methods
that can be used to detect and monitor her-
bicide-resistant weeds, some of which in-
clude bioassay techniques and biochemi-
cal tests. Biochemical methods are not
only able to detect resistance at lower fre-
qguencies than those obtained from
bioassays, but they are more convenient
and permit the level of resistance to be
quantified without the need to test several
samples at different doses (Brent 1986).
However, biochemical methods should be
used with caution, since resistance de-
pends on alternative mechanisms to the
method under test and could be missed
(Truelove and Hensley 1982).

Response of 6-week-old seedlings of C.
crepidioides to paraquat

Figure 1 shows the dose-response curves
of R and S biotypes at 6 weeks. The
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relationship between C. crepidioides shoot
fresh weight and paraquat rate can be de-
scribed by an exponential decay function.
Shoot fresh weight of both biotypes de-
creased as the paraquat dose increased,
but the S biotype appeared to have more
rapid decline in shoot fresh weight com-
pared to the R biotype. However, at higher
doses of paraquat (>2 kg ha?), both R and
S biotypes had more than 85% reduction
in shoot growth. Furthermore, the de-
creased shoot fresh weight of both
biotypes with the application of paraquat
at the rate of 2 kg ha* did not differ signifi-
cantly (P>0.05) from the rate of 4 kg ha?,
suggesting no apparent difference in phy-
totoxicity of paraquat at the rate of 2 kg
ha! and 4 kg ha?! towards C. crepidioides.
Both biotypes were susceptible at the rec-
ommended rate to paraquat at 6 weeks,
but the S biotype was more susceptible
than the R biotype. The estimated ED;, of
the S biotype was only 1/10 the recom-
mended application rate of 1 kg ha*while
the estimated EDs, of the R was approxi-
mately 1/3 the recommended rate, giving
a 2.9-fold difference in ED,, between R and
S biotypes (Table 1).

16

14¢

Shoot fresh weight (g)

Response of 9-week-old seedlings of

C. crepidioides to paraquat

Figure 2 presents the dose-response
curves of the R and S biotypes at 9 weeks.
The shoot fresh weight of both biotypes
decreased exponentially as the paraquat
rate increased. There was no significant
difference in the decreased shoot fresh
weight for both biotypes between the rate
of 0.25 kg ha' and the control (0 kg ha?),
suggesting that paraquat at the rate of
0.25 kg ha' was not significantly phyto-
toxic to C. crepidioides as compared to the
control plants. However, significant dif-
ferences were shown in decreased shoot
fresh weight between the R and S biotypes
at all higher rates of paraquat (0.25-4 kg
ha). At the highest dose of paraquat (4 kg
ha?), the R biotype showed reduction in
shoot growth of 72% while the S biotype
had 93% reduction in fresh weight. Gener-
ally, the plants were more tolerant to
paraquat treatment at 9 weeks as com-
pared to 6 weeks. Relatively, the S biotype
was more susceptible, with the ED,
slightly lower than the recommended ap-
plication rate. In contrast, the ED, of the R
biotype was approximately 2.4 times the
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Figure 1. Effects of paraquat concentrations on the shoot fresh weight of
6-week-old seedlings of C. crepidioides. ® R biotype, O S biotype.

Table 1. ED., estimates from dose response curves” for C. crepidioides shoot
fresh weight of 6- and 9-week-old plants.

Growth stage

EDy? (kg a.i. ha?)

S

R
6 weeks 0.2922 (0.0089) a
9 weeks 2.3902 (0.1470) a

0.1004 (0.0085) b
0.9176 (0.0507) b

AData from R and S populations were fitted to exponential function.

BED.,: paraquat dose that causes a 50% reduction in shoot fresh weight.

Means within rows with similar letters of each growth stage are not significantly at the
5% level by t-test. SE of means are given in parentheses.
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Figure 2. Effects of paraquat concentrations on the shoot fresh weight of 9-
week-old seedlings of C. crepidioides. ® R biotype, O S biotype.

recommended rate, giving a 2.6-fold dif-
ference in resistance between the R and S
biotypes (Table 1).

Both biotypes of C. crepidioides showed
lower ED;, at 6 weeks as compared to 9
weeks, suggesting that paraquat was
more effective on 6-week-old plants. This
may be due to their younger developmen-
tal stage (Alida et al. 1998, Ewert 1964).
Generally, a young plant has less epi-
cuticular wax as well as cuticle compared
to the mature plant. Hence, more paraquat
may be absorbed into young plants of C.
crepidioides because of less epicuticular
wax and cause rapid death. Furthermore,
unpublished data from the Universiti
Kebangsaan Malaysia (UKM) laboratory
demonstrated that the plant had lower
superoxide dismutase (SOD) and peroxi-
dase (POD) levels at 6 weeks in compari-
son to 9 weeks. These antioxidant en-
zymes play an important role in eliminat-
ing toxic oxygen generated by the
paraquat treatment (Babbs et al. 1989,
Shaaltiel et al. 1988). A lower level of SOD
and POD in the plant at the younger age
may have caused them to fail in removing
superoxide and hydrogen peroxide rap-
idly enough, thereby resulting in death.

It was reported earlier that the level of
the resistance in resistant biotypes of C.
crepidioides was 100-fold higher than that
of the susceptible biotypes (Itoh et al.
1990). This study was based on leaf discs
that were dipped into various concentra-
tions of paraquat. This method involved
lateral as well as vertical uptake of
paraquat in leaf discs while absorption of
paraquat into leaves through bioassay
tests was rather limited. Therefore, the
lower resistance ratios (approximately
three) found in the present study may be
due to difference in the type of assay used
(Alida et al. 1998).
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