
693

Combination of a mycoherbicide with  
selected chemical herbicides for control  

of Euphorbia heterophylla

K.L. Nechet,1 B.S. Vieira,1 R.W. Barreto,1 E.S.G. Mizubuti1 and A.A. Silva2

Summary

The leaf-spot fungus Lewia chlamidosporiformans is being developed as a mycoherbicide for wild 
poinsettia (Euphorbia heterophylla), a serious weed of many crops, and particularly of soybeans, in 
Brazil. A comparative study of the levels of control of wild poinsettia obtained for the fungus alone, 
the fungus plus selected herbicides and these herbicides alone was undertaken. The levels of control 
obtained with application of the fungus alone was equivalent to the chemical herbicides fomesafen, 
carfentrazone and atrazine for plants with up to five leaves, and equivalent to the herbicide glyphosate 
for plants with five to ten leaves for one of the weed populations being tested. The fungus alone had 
a better performance than both imazethaphyr and fomesafen. The combination of fomesafen with 
the fungus produced complete control for the three weed populations, whereas its combination with 
imazethaphyr significantly improved the control levels as compared with those obtained with ima-
zethaphyr alone. Another experiment performed in microplots in the field, explored the combination 
of L. chlamidosporiformans with fomesafen and clorimuron-ethyl for the control of an imazethaphyr-
resistant biotype of the weed. The best control levels were achieved with the application of an equiva-
lent of 300 l/ha of a suspension of conidia (2.5 × 105 conidia/ml) in a solution of fomesafen (25% of 
recommended dose). Death of all plants resulted from such application after 10 days.
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Introduction
Euphorbia heterophylla L. (wild poinsettia, local name 
in Brazil amendoim-bravo or leiteiro) is a plant native 
to the Neotropics that became an aggressive invader of 
important crops such as corn, sugarcane, common bean 
and soybean in Brazil. It was recognized as a potential 
biocontrol target with the pioneering development of 
a mycoherbicide aimed at controlling wild poinsettia 
in Brazil (Yorinori, 1985, 1987; Yorinori and Gazziero,  
1989). This was based on Bipolaris euphorbiae (Hans-
ford) Muchovej. Although interest in this fungus 
still remains (Marchiori et al., 2001; Nechet et al., 

2006), this research never resulted in a commercially 
viable product. Chemical control through application 
of acetolactate synthase (ALS)-inhibiting herbicide 
remains the method of choice for control of E. hetero-
phylla in soybeans. Herbicides with this action mecha-
nism are efficient in low doses, have a low toxicity for 
mammals and are selective for several important crops 
(Saari et al., 1994). Unfortunately, the continuous use 
of this group of herbicides led to the widespread emer-
gence of wild poinsettia populations that are resistant 
to these products, rendering them ineffective in many 
situations (Gazziero et al., 1997; Melhorança and 
Pereira, 1999).

Problems with herbicide resistance represent win-
dows of opportunity for the development and use of 
mycoherbicides, either separately or in mixture with 
chemical herbicides (Charudattan, 2001). Surveys of 
the mycobiota of E. heterophylla in Brazil yielded ad-
ditional fungi that might be of interest for use as my-
coherbicides (Barreto and Evans, 1998). An isolate 
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of Lewia chlamidosporiformans Vieira and Barreto,  
a fungus recently described (Vieira and Barreto, 2005), 
was selected as a potential mycoherbicide. It was  
capable of causing high mortality in nine populations 
of E. heterophylla, including one resistant to ALS- 
inhibiting herbicides.

Combining a biocontrol agent with a chemical 
herbicide may result in the reduction of the dose of 
the chemical herbicide needed to control a specific 
weed. It may also serve to increase the spectrum 
of weeds controlled by the chemical product or in-
crease its efficiency of control of a problem weed 
species (Hoagland, 1996). It was hypothesized that 
in the case of E. heterophylla, L. chlamidosporifor-
mans might have such an effect when combined with 
ALS-inhibiting herbicides, as well as other groups 
of herbicides.

Materials and methods
Isolate of L. chlamidosporiformans and 
biotypes of E. heterophylla

An isolate of L. chlamidosporiformans (KLN06) 
was previously selected, among six other isolates, 
because it was capable of causing high disease sever-
ity when tested against nine different populations of  
E. heterophylla (including one known to be resistant to 
ALS-inhibiting herbicides and one resistant to B. eu-
phorbiae). KLN06 was the isolate used in the experi-
ments described here.

Three different populations of E. heterophylla were 
selected to be used in the first experiment: EKLN19, 
previously selected as susceptible to L. chlamidospo-
riformans, B. euphorbiae (Hansford) Muchovej and 
Sphaceloma poinsettiae Jenkins and Ruehle; ETRB 
– resistant to B. euphorbiae, collected in experimen-
tal fields of Paraná; and ERH – resistant to ALS-in-
hibiting herbicides. In the second experiment, only 
EKLN19 was used. Seeds to be used in the experi-
ments were harvested from greenhouse-grown pot-
ted plants and kept at 5°C until use. Plants used in 
the experiments were produced from pregerminated 
seeds that were then transferred to 500 ml pots con-
taining sterile soil and the plants were maintained in 
a greenhouse (26 ± 2ºC) and watered daily in the first 
experiment.

Inoculum production
Spores of L. chlamidosporiformans to be used as 

inoculum in the experiments were produced with a 
biphasic technique modified from Walker (1980) as 
follows: ten culture disks obtained from the margin of 
7-day-old cultures grown in VBA (Pereira et al., 2003) 
were transferred to each of a series of Erlenmeyer flasks 
containing 100 ml of VB (the same medium described 
by Pereira et al., 2003, but without agar). The Erlen-

meyers were left on a shaker at 140 rpm for 7 days 
at room temperature. After this period, the mycelial 
mass was blended together with the remaining liq-
uid medium in each flask and poured and spread onto  
20 × 28 cm aluminium trays, each already containing 
100 ml of solidified VBA. Trays were kept in a con-
trolled temperature room at 26 ± 2ºC under a 12-h 
photoperiod (light from two 40-W daylight fluorescent 
lamps and two 40-W fluorescent, near ultraviolet light 
lamps). After 2 days, spores were collected by pouring 
50 ml of sterile water on the culture surface and scrap-
ing it with a rubber spatula. The resulting suspension 
was then filtered through two layers of cheesecloth and 
the final concentration of the suspension was evaluated 
and adjusted for the experiments.

Wild poinsettia control with  
mycoherbicide, selected herbicides  
and their combination – greenhouse

Only herbicides that did not inhibit spore germina-
tion in a previous experiment were used in this experi-
ment. These were atrazine, carfentrazone, fomesafen, 
glyphosate and imazethaphyr. Plants belonging to the 
three populations above were sprayed with (1) the 
herbicides alone; (2) the fungus alone at a concentra-
tion of 2 × 105 conidia/ml supplemented with Assist 
– 3% (mineral oil) and Break thru® – 320 µl/100 ml 
(an organosilicone surfactant); and (3) with mixtures 
of the fungus inoculum on the concentration men-
tioned above with each of the herbicides diluted in  
water supplemented with Assist – 3% and Break thru®  
– 320 µl/100 ml. Plants were sprayed at the end of the 
afternoon, left outside to be exposed to natural dew for-
mation and moved next morning to a greenhouse (26 ± 
2ºC). The experiment was carried out in a completely 
randomized design with a factorial of 12 treatments, 
three plant populations and five replications per treat-
ment. Each replication consisted of one pot containing 
one plant. Plants were treated at an age of 4 weeks (four 
leaf stage).

The evaluations were made 5 and 10 days after the 
application of the treatments using a scale from 0 to 
10 (Table 1). The nonparametric Kruskal–Wallis (KW) 
test was done on the rating values for each isolate and 
time after inoculation combination. When KW tests 
were significant, multiple comparisons of the means 
were conducted to assess differences among treatments 
at α = 0.05. All nonparametric analyses were conducted 
using the R package® ver 2.3.1 (R Development Core 
Team, 2006).

Wild poinsettia control with  
mycoherbicide, selected herbicides  
and their combination – field

The experimental unit consisted of an area of 1.5 m2 
(1.5 × 1.0 m), where three parallel 0.5-cm-deep rows set 
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0.5 m apart were prepared for planting. An amount of 
fertilizer equivalent to 20 kg/ha of N, 100 kg/ha of P2O5 
and 100 kg/ha of K2O was added and a row equivalent 
to 25–30 soybean seeds/m was sown. Additional paral-
lel rows, 25 cm to each side of the soybean rows, were 
prepared where ETRB E. heterophylla seeds (equiva-
lent to 30 seeds/m) were planted. Treatments consisted 
of spraying with the following:

suspension of 2.5 × 105 conidia/ml of L. chlamido-
sporiformans;
herbicide clorimuron-ethyl (Classic – 80 g/ha);
herbicide clorimuron-ethyl (Classic – 80 g/ha) +  
2.5 × 105 conidia/ml of L. chlamidosporiformans 
suspended in the herbicide solution;
herbicide fomesafen (Flex, 1.0 l/ha – recommended 
dose);
herbicide fomesafen (Flex, ¼ of recommended 
dose);
herbicide fomesafen (Flex, ¼ of recommended  
dose) + 2.5 × 105 conidia/ml of L. chlamidosporifor-
mans suspended in the herbicide solution;

1.

2.
3.

4.

5.

6.

herbicide fomesafen (Flex, ¼ of recommended dose) 
+ 2.5 × 106 conidia/ml of L. chlamidosporiformans 
suspended in the herbicide solution;
control 1: soybean challenged with wild poinsettia 
sprayed with water;
control 2: soybean growing free of wild poinsettia 
competition sprayed with water.

The volume of solution/suspension sprayed on each 
treatment was equivalent to an application of 300 l/ha. 
Water used to suspend or dilute the active ingredient or 
inoculum was always supplemented with Assist – 3% 
(mineral oil) and Break thru® – 320 µl/100 ml. Plants 
were inoculated at the age of 2 weeks (three to four 
leaf stage) at the end of the afternoon. Evaluations were 
made 5 and 10 days after the application of the treat-
ments using the criteria adopted by SBCPD (legend, 
Table 2). The experiment was carried out in a com-
pletely randomized design with five repetitions; each 
repetition was as described above. Data obtained were 
graphed with the aid of Microsoft Excel 2000 (Micro-
soft Corporation, Redmond, WA).

7.

8.

9.

Table 1. Scale of notes for evaluation of the control of populations of Euphorbia heterophylla.

Rank Description of ranking Control percentage

0 No symptom 0
1 Yellowing 10
2 Terminal buds not damaged, less than 20% of the leaves showing injuries 20
3 Terminal buds not damaged, 20–50% of the leaves showing injuries 30
4 Terminal buds not damaged, more than 50% of the leaves showing injuries 40
5 Terminal buds not damaged, all leaves with injuries 50
6 Terminal buds necrosed, leaves healthy 60
7 Terminal buds necrosed, less than two leaves with injury 70
8 Terminal buds necrosed, more than two leaves injured 80
9 Terminal buds necrosed, stems green, complete defoliation 90
10 Dead plants 100

Table 2.  Percentage of control of Euphorbia heterophylla in the field after spraying with Lewia chlamidosporiformans, 
selected herbicides and fungus–herbicide combinations.

Treatment Control percentage

Five days Ten days

Percentage 
control

Control  
description

Percentage 
control

Control  
description

Clorimuron-ethyl 80 B 70 C
Clorimuron-ethyl + fungus (105 conidia/ml) 98 A 99 A
Fomesafen standard dose 100 A 100 A
Fomesafen ¼ dose 94 A 86 B
Fomesafen ¼ dose + fungus (105 conidia/ml) 98 A 100 A
Fomesafen ¼ dose + fungus (106 conidia/ml) 92 A 98 A
Fungus (105 conidia/ml) 97 A 99 A
Control 0 E 0 E

Capital letters represent the control description according to SBCPD (1995). A = Excellent control or total control of the target species 
(86–100%); B = Good control of the target-species, acceptable for an infested area (66–85%); C = Moderate control of the target-species, 
insufficient for the infested area (41–65%); D = Control of the target-species deficient or irrelevant (0– 40%); E = No control (0%).
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Results
Wild poinsettia control with  
mycoherbicide, selected herbicides and 
their combination – greenhouse

There were differences among treatments at both 5 
and 10 days. The P values were less than 0.0001 for all 
tests and the chi-square values for populations TRB, 
KLN19 and RH at 5 days were 58.9, 59.0 and 58.8, re-
spectively. At 10 days, the chi-square values were 58.8, 
55.8 and 56.3, respectively.
Five days: When assessing plants of the TRB popula-
tion, the control differed from the treatments: Atrazine +  
L. chlamidosporiformans, Carf + L. chlamidospori-
formans, Flex + L. chlamidosporiformans and Pivot +  
L. chlamidosporiformans. All other pairwise compari-
sons involving the control were not significant. The 
only mixture of herbicide plus L. chlamidosporiformans 
that did not differ from the control was Glyphosate + 
L. chlamidosporiformans. The pairwise comparisons 
involving L. chlamidosporiformans vs Atrazine + L.  
chlamidosporiformans and Atrazine vs L. chlamido-
sporiformans + Imazethaphyr were significant.

When assessing plants of the KLN19 population, 
the control differed from the treatments: L. chlamido-
sporiformans; Atrazine; Atrazine + L. chlamidospori-
formans; Carfentrazone; Carfentrazone + L. chlamido-
sporiformans; Fomesafen + L. chlamidosporiformans; 
and Glyphosate + L. chlamidosporiformans. All other 
pairwise comparisons involving the control were not 
significant. Fomesafen, Glyphosate, Imazethaphyr and 
Imazethaphyr + L. chlamidosporiformans treatments 
did not differ from the control. The pairwise compari-
sons involving Atrazine vs Atrazine + L. chlamidospo-
riformans and Atrazine + L. chlamidosporiformans vs 
Imazethaphyr were significantly different.

When assessing plants of the RH population, the 
control differed from the treatments: Atrazine + L. 
chlamidosporiformans; Carfentrazone + L. chlamido-
sporiformans; Fomesafen + L. chlamidosporiformans; 
and Imazethaphyr + L. chlamidosporiformans. All other 
pairwise comparisons involving the control were not 
significant. Similarly to the reported for KNL19, pair-
wise comparisons involving Atrazine vs Atrazine + L. 
chlamidosporiformans and Atrazine + L. chlamidospo-
riformans vs Imazethaphyr were significantly different.
Ten days: For both the TRB and RH population, the con-
trol differed from the following treatments: Atrazine +  
L. chlamidosporiformans; Carfentrazone + L. chlami-
dosporiformans; Fomesafen + L. chlamidosporifor-
mans; and Imazethaphyr + L. chlamidosporiformans. 
All other pairwise comparisons involving the control 
were not significant. Pairwise comparisons between 
Atrazine vs Atrazine + L. chlamidosporiformans; Atra-
zine + L. chlamidosporiformans vs Imazethaphyr; and 
Atrazine vs Imazethaphyr were significantly different. 

For the KLN19 population, there were no pairwise dif-
ferences between treatments.

All plants of population EKLN19 died 5 days after 
being sprayed with L. chlamidosporiformans as well as 
with the herbicides atrazine, carfentrazone and with the 
mixtures of these herbicides with the fungus. Equiva-
lent levels of control were observed for the populations 
ERH and ETRB submitted to the same herbicides and 
with their mixture with the fungus. The level of con-
trol obtained with the pure application of L. chlami-
dosporiformans in those populations was lower then 
that obtained for EKLN19. Control was inadequate 
for the application of fomesafen and imazethaphyr, 
confirming their known inefficiency for the control of  
E. heterophylla plants at the stage of development of 
application in this experiment (three to four leaf stage). 
Nevertheless, complete control of wild poinsettia was 
obtained when fomesafen was mixed with L. chlami-
dosporiformans (Figure 1). The combination of ima-
zethaphyr with the fungus led to significant increase in  
control levels for the three weed populations, whereas 
they were totally inadequate for imazethaphyr alone. Ten 
days after the inoculation, the level of control, obtained 
for the combination of L. chlamidosporiformans with 
imazethaphyr, was considered acceptable for EKLN19 
and for ERH although still insufficient for ETRB.

Glyphosate sprays led to total control of the three 
wild poinsettia populations, after 10 days when applied 
alone, but control was inadequate for EKLN19 and 
ERH initially, that is 5 days after the application. How-
ever, when mixed with the fungus, glyphosate gave 
complete control of all weed populations in just 5 days, 
speeding weed control.

Wild poinsettia control with  
mycoherbicide, selected herbicides  
and their combination – field

All E. heterophylla plants treated with the fungus +  
fomesafen (¼ of the dose) were killed 10 days after 
being sprayed (Table 2). In the first evaluation, 5 days 
after the application, levels of control obtained for the 
mixtures fungus + fomesafen (¼ of the dose) and fome-
safen alone (¼ of the dose) did not differ statistically. 
Nevertheless, on the second evaluation, 10 days after 
the applications, total control was reached only with the 
mixtures fungus–herbicide. Level of control obtained 
with fomesafen alone (¼ of the dose) and clorimuron-
ethyl alone decreased from the first evaluation to the 
second evaluation indicating a recovery of the weed 
population from the damage caused by the herbicides. 
Meanwhile, a tendency of increased control was noted 
for treatments involving the use of L. chlamidospori-
formans probably mirroring the progressive advance 
of the disease. The level of control obtained with the 
isolated application of L. chlamidosporiformans was 
also ranked as excellent and statistically equivalent 
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to that obtained with the application of the herbicide 
fomesafen at the recommended dose and superior to 
that obtained with the application of ¼ of the dose of 
this herbicide (Table 2). The combination of the her-
bicide clorimuron-ethyl with the fungus resulted in a 
percentage of control higher than that obtained for the 
herbicide alone.

Discussion
The level of control obtained with application of  
L. chlamidosporiformans varied for each weed popula-
tion, but when in combination with various herbicides 
included in the test, the level of control was either kept 
as complete control or increased as compared with the 
herbicide alone. The efficiency of control of E. hetero-
phylla by fomesafen is seriously restricted if applica-
tions occur at a later phenological state of the plant, as 
observed in greenhouse experiment (where older plants 
were used) and Table 2 (where younger plants were 
used), but total control was achieved with a mixture of 
fomesafen and L. chlamidosporiformans of older plants 
(Figure 1). The fungus in mixture with glyphosate also 
allowed the anticipation of the wild poinsettia’s control 
by this product. These results are highly encouraging 
for an integration of biological and chemical control 
of wild poinsettia. This work seemingly is the first to 
focus on that aspect in the development of a mycoher-
bicide in Brazil.

The herbicide imazethaphyr did not control the 
population ERH (known to be resistant to this prod-
uct) and the population ETRB. The population ETRB 

was selected because it was known to be resistant to 
B. euphorbiae; the present results show that it is also 
resistant to imazethaphyr. The level of control of wild 
poinsettia was significantly increased when L. chlami-
dosporiformans was mixed with that herbicide, but 
control percentage was for most situations lower than 
that obtained by the fungus alone. The incompatibility 
between mycoherbicide and chemical herbicides is still 
a little investigated subject, but it is known that herbi-
cides can interfere with disease development, either be-
cause of a direct toxicity to the pathogen or indirectly 
by triggering defense responses in the plants (Sanogo 
et al., 2000). The negative effect of imazethaphyr ob-
served on L. chlamidosporiformans was indirect be-
cause this herbicide did not inhibit conidial germina-
tion in vitro (unpublished results) in the recommended 
dose. Possibly, some plant defense mechanism of the 
plant is activated after the application of imazethaphyr 
and this slowed disease development. Conversely, it 
was recently observed that imazethaphyr applications 
can increase significantly the severity of attack to soy-
bean by Rhizoctonia solani Khun both in resistant and 
susceptible cultivars (Bradley et al., 2002).

Lewia chlamidosporiformans can become an im-
portant tool in the management of populations of E. 
heterophylla resistant to (ALS)-inhibiting herbicides in 
separate applications as a mycoherbicide, but further 
investigation of its interaction with imazethaphyr as a 
possible combination is needed. Other options deserv-
ing to be investigated are the use of smaller doses of 
imazethaphyr with the fungus and the effect of separate 
sequential application of fungus and herbicide or her-
bicide followed by the fungus.

Figure 1. Control of population EKLN19 of Euphorbia heterophylla, 5 days after spraying 
with water, fomesafen, a conidial suspension of Lewia chlamidosporiformans and 
a mixture of fomesafen + L. chlamidosporiformans.
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The second experiment also yielded encouraging 
results both for the potential of the mycoherbicide 
alone and for fungus–herbicide combinations. Often 
the best alternative for weed management depends on 
the association of different methods of control (Silva 
and Altoé, 1993). In this experiment, one of the most 
noteworthy results was achieved with the combination 
of L. chlamidosporiformans and fomesafen at ¼ of the 
recommended dose. Complete control of wild poinset-
tia was achieved even with a significant reduction of 
the use of the chemical herbicide and a relatively small 
inoculum concentration for the fungus. Except for the 
isolated application of clorimuron-ethyl that did not 
result in an appropriate control of the weed, the other 
treatments resulted in a good control of the weed. Add-
ing a relatively low concentration of fungus inoculum 
to clorimuron-ethyl also led to complete control of wild 
poinsettia.

Although a series of studies involving L. chlami-
dosporiformans have been yielding excellent results 
that are presently being published (see Vieira et al., 
this volume) and firmly indicate that this fungus may 
be used soon as a mycoherbicide, particularly against  
herbicide-resistant populations of E. heterophylla, fur-
ther work is still necessary. Improvement in mass pro-
duction, formulation and application technology are still 
required as well as further studies on fungus–herbicide  
combinations.
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