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Abstract In this work, a bioformulation containing
Trichoderma harzianum strain ITEM 3636, an effective
biocontrol agent against the peanut pathogen Fusarium
solani, was evaluated for control of peanut smut, an
emergent disease caused by Thecaphora frezii. The
performance of the bioformulation was evaluated during
seasons 2014/2015 and 2015/2016 in experimental
fields with history of peanut smut. Inoculation with
T. harzianum ITEM 3636 significantly reduced the se-
verity of peanut smut during both seasons by 17% and
25%, respectively. This is the first report where a con-
sistent decrease of peanut smut symptoms is achieved in
field experiments using a potential biological control
agent. The identity of the causal agent of peanut smut
was confirmed by sequencing the D1/D2 DNA region.
T. harzianum ITEM 3636 caused significant increases in

grain weight/plant in both years. Peanut smut and brown
root rot are diseases that cause severe economic losses.
Both causal agents may be present in the soil and,
depending on environmental factors, cause disease.
The T. harzianun ITEM 3636 bioformulation has high
potential for controlling both diseases. Thus, the appli-
cation of a single bioformulation could protect the health
of peanut plants against two high impact pathogens.

Keywords Trichoderma harzianum strain ITEM 3636 .

Thecaphora frezii . Peanut seeds inoculation . Peanut
smutmanagement . Plant growth promotion

Peanut (Arachis hypogaeaL.) is one of South America’s
originated oleaginous crops with high importance
worldwide. Approximately 600,000 tons of peanut and
peanut-derived products are exported to 88 countries,
with annual incomes of nearly 800 million dollars.
During the last years, peanut production has not only
been increasing in yield but also in the quality of the
harvested product since consumers tend to require high-
quality products. Therefore, research and dissemination
of technologies constitute essential elements for grow-
ing peanuts (Andrés et al. 2016).

Among the diseases affecting peanut plants,
Marinelli et al. (2010) reported the presence of peanut
smut in samples from the northern-central region of
Córdoba, Argentina. The causal fungus, Thecaphora
frezii, had been identified by Carranza and Lindquist
in Carranza and Lindquist (1962) from infected wild
peanut (Arachis sp.) from Brazil. The production losses
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caused by this disease are highly significant, with re-
ductions of nearly 60% (Marraro Acuña and Murgio
2009). Cultivation practices such as crop rotation and
application of fungicides are not sufficient to control
peanut smut (Marraro Acuña and Murgio 2009;
Oddino et al. 2010). In this context, and in addition to
the risk of its spread to other regions, the study of
T. frezii and the development of management strategies
to control peanut smut become highly relevant.

Biological control agents (BCA) represent a sustain-
able alternative compatible with other strategies for the
management and control of plant diseases. Several BCA
described as belonging to the species Trichoderma
harzianum have been proven to be effective in suppress-
ing diseases in different plants and under different con-
ditions (Abeysinghe 2007; Perazzolli et al. 2011; Vitale
et al. 2012). Taxonomic studies have shown that the
morphologically defined species T. harzianum is a spe-
cies complex (Druzhinina et al. 2010). Chaverri et al.
(2015) revised the taxonomy of the T. harzianum spe-
cies complex and evaluated widespread commercial
biocontrol products (reported to contain T. harzianum).
They found that none of the biocontrol strains were
identified as T. harzianum sensu stricto, and suggested
a more reliable secondary barcode, nuc-translation elon-
gation factor 1α (TEF1), to identify species in this
complex.

In previous works, we demonstrated that a formula-
tion containing T. harzianum strain ITEM 3636 has
biocontrol capacity against the brown root rot of peanut
caused by Fusarium solani, under greenhouse and field
conditions (Rojo et al. 2007). F. solani and T. frezii can
co-exist on peanut and soil and the incidence of one or
other disease will depend on climate conditions. Based
on this background, and with the perspective of appli-
cation against other peanut pathogen, the objective of
this study was to investigate the effectiveness of this
bioformulation to control peanut smut caused by
T. frezi i . As the bioformulat ion containing
T. harzianum ITEM 3636 exerted positive effects on
p l a n t s w i t h an i n c r e a s e i n p l a n t g r ow th
(biofertilization) and, possibly, with a stimulation of
plant-defense mechanisms, we hypothesized that this
bioformulation could control an emergent disease such
as peanut smut.

Peanut (Arachis hypogaea L.) cultivar Granoleico
was used in this study. This Argentinian cultivar was
released in the year 2002 by the breeding place BEl
Carmen^, General Cabrera, Córdoba, Argentina, and

developed by a cross between Tegua and I-JS-95-1
and its subsequent genealogical selection.

T. harzianum ITEM 3636, originally isolated from
peanut cropped soil, was deposited at the Istitute Tossine
e Micotossine da Parassiti Vegetali, Italy. The isolate
was kept in 15% glycerol and frozen at −80 °C. The
inocula of T. harzianum ITEM 3636were obtained from
7-day-old cultures on Petri dishes containing malt ex-
tract agar (MEA) at 28 °C. The suspensions of conidia
were harvested by covering each of 10 plates with 10 ml
of sterile distilled water and scraping the surfaces of the
cultures with a sterile glass spatula. The inoculum den-
sity was adjusted to 5 × 106 conidia/ml by adding sterile
distilled water.

T. harzianum ITEM 3636 was tested for its tolerance
to Options Advance (NOVA) composed, in g per
100 ml, by: carboxyn (5,6-dihydro-2-methyl-1,4-
oxatin-3-carboxylate) 20 g, methyl thiophanate [methyl
4,4′-(o-phenylene) bis (3-thiophanate)] 10 g and
metalaxyl [methyl (N-methoxy acetyl)-N-(2,6 xilil)-
DL-alaninate] 1,33 g. The methodology used to test
the tolerance was described in Rojo et al. (2007). Brief-
ly, peanut seeds treated or untreated with the fungicide,
at 400 ml/100 kg, were soaked with a mixture of
carboxymethyl cellulose (CMC) (2%) and a
Trichoderma conidial suspension (106 conidia/ml), each
using a relation of 1 ml per 10 g of seeds. Then, the
seeds were air dried in a laminar flow hood. To deter-
mine the number of spores present on the seed coat after
inoculation, a seed sample was shaken in sterile distilled
water and an aliquot of the resulting suspension was
plated onto Dichloranchloramphenicol-Rose Bengal
agar (DRBC). The count of Trichoderma colonies was
determined after 5 d incubation at 25 °C under a 12 h
light/dark cycle.

Field assays, fromNovember 2014 to April 2015 and
from November 2015 to April 2016, were conducted in
commercial fields located in the same peanut-producing
area (32°45′36.33″ S 63°51′21.35″ W; 32°87′84.23″ S
63°91′52.15″ W) of General Cabrera, province of
Córdoba, Argentina. The fields had a long history of
peanut smut incidence. Rainfall from seeding to harvest
was approximately 640 mm during the 2014/2015 sea-
son and 510 mm during the 2015/2016 season. The
minimal and maximum temperature values from plant-
ing to R5 stage were 6.4 and 39.6 °C for the 2014/2015
season and 8.5 and 37.7 °C for the 2015/2016 season.
T. harzianum ITEM3636was applied by pelleting seeds
previously coated with the Options Advance (NOVA)
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chemical fungicide and 2% CMC. The treatments were:
(1) inoculation: each kg of seeds was pelleted with
100 ml of 2% CMC and 100 ml of the suspension of
T. harzianum ITEM 3636, and (2) control: each kg of
seeds was treated with 100 ml of 2% CMC and 100 ml
of sterile distilled water. The sowing was performed
duringNovember. Randomized complete block designs,
with four replicates, were used. The plots consisted of
four rows, each of 10 m long, with an area of 28 m2

(2.8 m × 10 m). The spacing between rows was 0.7 m,
with 0.08 m between plants. The seed rate was of
120 kg/ha, with a depth of 5 cm. Pesticides were applied
at recommended doses to avoid the detrimental effects
of weeds and pests on plant growth and crop yield. Plant
emergence was evaluated 15 days post-seeding to en-
sure a minimum number of plants per treatment. At
75 days post-seeding, 10 plants per plot were randomly
removed to assess total fresh weight, shoot dry weight,
root dry weight, shoot length and root length. At harvest
(120 days), plants (15–20) from 1 m2 of each plot were
collected to determine weight of grains and the number
of grains with confectionery quality (greater than
7.5 mm sieve size).

The disease intensity was assessed at harvest on all of
the plants obtained from 1 m2 of plots. The smut caused
by T. frezii was quantified through incidence (percent-
age of diseased pods) and severity of the disease through
a 0–4 scale (Marinelli et al. 2008; see Fig. 1). From this
classification, the index of disease severity (IDS) was
calculated using the following formula:

IDS ¼ n x 0ð Þ þ n x 1ð Þ þ⋯þ n x 4ð Þ½ � N−1

Where n is the number of pods corresponding to each
classification of the disease (0–4) and N is the total
number observed.

Statistical analyzes were performed using InfoStat
Professional V 2009 (National University of Córdoba,
Argentina) and Sigma Stat V 2.03 for Windows (SPSS
Inc.). All of the data were evaluated by one-way analysis
of variance (ANOVA). In all cases, the residuals were
tested for normality using the Holm Sidak test. Data
from grain weight/plant from the 2014/2015 field assay
and from disease incidence during the 2015/2016 field
assay were analyzed for significance after square root
transformations.

Scientific efforts for several decades have been
focused on developing alternatives to chemical pes-
ticides for managing plant diseases. A long world-
wide effort has been concentrated on BCA (Tjamos
et al. 2010). Our primary goal is to contribute to a
safe, sustainable, and optimal peanut production.
Considering this, we evaluated the effectiveness of
a bioformulation developed for peanut brown root
rot against the emergent disease known as peanut
smut. First, experiments were conducted to evaluate
the possibility of combining T. harzianum ITEM
3636 with a fungicide commonly used on peanut
seeds thus inferring their compatibility to develop
an advantageous integrated management of soil-
borne plant pathogens. Seeds treated with the fungi-
cide resulted in an effective inoculum (CFU/seed),
not different from that obtained from untreated
seeds. The recovery of inoculum from seeds was
2.2 × 104 and 2.3 × 104 CFU/seed, without and with
the fungicide, respectively. In addition, the identity
of our strain was confirmed using sequence analysis
of the 1α (TEF1) and calmodulin (CAL) genes. The
primers EF1-728F/EF1-986R and CAL-228F/CAL-
737R were used for the amplification of the 1α
(TEF1) and CAL sequences, respectively (Carbone
and Kohn 1999). The PCR products were sent to
Macrogen (Korea) for sequencing. The DNA se-
quences were deposited in the GenBank (accession
numbers KY595072 and KY595073).

Next, the performance of the bioformulation was
evaluated during seasons 2014/2015 and 2015/2016 in
experimental fields with history of peanut smut. Due to
the large number of reports on the promotion of germi-
nation caused by Trichoderma spp. in several crops, we
decided to evaluate the number of emerged inoculated
plants. For this, the number of emerged or germinated
plants in the different treatments was assessed 15 days
after planting. The average values obtained from both
harvests were not significantly different. The mean

Fig. 1 Peanut grains showing different values from the scale used
to quantify peanut smut. Severity of the disease using a 0–4 scale
where: 0 = healthy pod, 1 = normal pod, one seed with a small
sorus, 2 = normal or deformed pod, half of one seed affected,
3 = malformed pod and a whole seed affected, and 4 = malformed
pod and two seeds affected
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increase in seedling emergence caused by inoculation
with T. harzianum ITEM 3636 was 26.7% as compared
to control plants (P ≤ 0.05).

The following growth parameters were evaluated
75 days after planting: plant fresh weight, shoot dry
weight, root dry weight, shoot length and root
length. The plants that emerged from seeds inocu-
lated with T. harzianum ITEM 3636 during the first
year showed an increase in root dry weight and
shoot length, as compared to control plants. Howev-
er, differences were not statistically significant
(P ≤ 0.05). Notably, inoculation of T. harzianum
ITEM 3636 significantly enhanced shoot length of
peanut plants during the second year of experimen-
tation. On the other hand, the obtained values of
plant fresh weight, shoot and root dry weight and
root length from both treatments were not signifi-
cantly different after 75 days of experimentation in
both fields (P ≤ 0.05). The best criterion for treat-
ment efficacy in a study of biocontrol under field
conditions is to evaluate the crop yield at harvest.
Therefore, we proceeded to determine the parame-
ters of crop yield at harvest (120 days after plant-
ing). Regarding the inoculation with T. harzianum
ITEM 3636, significant increases in grain weight/
plant were observed, as compared to the controls, in
both years. The maximum increase was recorded in
the first year of experimentation, where the recorded
increase was of 12.9 g per plant (29%) on average
(Table 1). On the other hand, plants that emerged
from seeds inoculated with T. harzianum ITEM
3636 also showed increases in the number of con-
fectionery quality grains, as compared to the con-
trols, the recorded increase during the first year was
of 12 confectionery quality grains per plant, or 24%
and of 0.57 confectionery quality grains per plant

(3.5%) during the second year (Table 1). However,
differences with control plants were only significant
during the 2014/2015 season. Increases in quality of
grains are very important for their effective market-
ing. On the whole, there were year-to-year variations
in the evaluated parameters.

The contribution of T. harzianum for the biocon-
trol of plant diseases was amply demonstrated
(Montealegre et al. 2010; Srivastava et al. 2010;
Yang et al. 2011). T. harzianum ITEM 3636 was
observed to be effective in decreasing the mean
severity index of brown root rot in peanut plants,
increasing the frequency of healthy plants, and
boosting yield. The potential of using this strain to
control the disease and the plant growth-promoting
effect was confirmed in three experiments carried
out in fields artificially and naturally infested with
F. solani (Rojo et al. 2007). In this work, the
bioformulation containing T. harzianum ITEM
3636 was effective in controlling T. frezii during
both years in naturally contaminated fields. The
incidence of peanut smut was recorded at 120 days
after planting. We recorded mean values of 20.51%
and 13.65% of affected pods in control treatments
during the first and second year, respectively. Inoc-
ulation with T. harzianum ITEM 3636 consistently
reduced the incidence of peanut smut by 3% during
both seasons (Fig. 2). The severity of peanut smut
was also recorded at 120 days after planting. Based
on the above-mentioned scale we show the different
levels of severity observed in our assays in Fig. 1.
The severity of the disease in the fields was shown
to be below the scale of 1 for the control treatments
from both years. Inoculation with T. harzianum
ITEM 3636 reduced the severity of peanut smut by
17% (severity = 0.54) as compared to the control

Table 1 Yield parameters in the field assays

Treatment Harvest 2015 Harvest 2016

Grain weight/plant (g) Number of confectionery
quality grains/plant

Grain weight/plant (g) Number of confectionery
quality grains/plant

Control 43,85 ± (22,7) b 49,24 ± (27,2) b 28,04 ± (4,2) b 32,28 ± (4,9) a

T. harzianum
ITEM 3636

56,74 ± (26,9) a 61,17 ± (28,9) a 29,58 ± (4,8) a 33.42 ± (4,2) a

Each value represents the mean from 4 plots

The standard deviations are shown between parentheses

Different letters in each column indicate statistically significant differences (P ≤ 0.05)
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(severity = 0.65) during the first year and 25%
(severity = 0.39) as compared to the control (sever-
ity = 0.52) during the second year (Fig. 2). This is
the first report where a decrease of peanut smut’s
symptoms is repeatedly achieved in the field using a
biological control agent.

As shown, the crop yield was higher during the
first year of experimentation. The comparison be-
tween the two harvest seasons showed significant
differences (P ≤ 0.05) in grain weight/plant (g) and
number of confectionery quality grains/plant (data
not shown). This difference could be explained by
differences in the amount of rainfall and the temper-
ature during the two cultivation periods evaluated.
The rainfall values registered from seeding to har-
vest were 640 mm and 510 mm for the 2014/15 and
2015/16 harvest season, respectively. Thus, during
2014/15, the peanut growth area had the best rain
conditions of the last twenty years. Soil temperature
is also important in determining peanut yield as the
pod growth occurs in the ground. Plant dry weight
depends, among other factors, on air and/or soil
temperature. Pod yield is usually correlated positive-
ly with total dry matter accumulation and, therefore,
any effect of temperature on total dry matter accu-
mulation will affect pod yield (Prasad et al. 2009).
The temperature for peanut growth was optimal
during the 2014/15 harvest season. The highest tem-
peratures exceeded by far the historical average, and
a similar event took place with the minimal

temperatures (the lowest in the last years) registered.
Consequently, there was an important and beneficial
daily thermal amplitude.

In addition, we confirmed the identity of peanut
smut’s causal agent, T. frezii, by amplification and se-
quencing of the D1/D2 region from gDNA samples
using the primers D1/D2-NL1 and D1/D2-NL4
(O’Donnell 1993), which allow amplification of a frag-
ment of about 650 bp, corresponding to a partial region
of the large ribosomal subunit (28S rDNA; data not
shown). The obtained sequences were deposited in the
GenBank (NCBI) under the accession numbers
KX944749 and KX944750.

To conclude, T. harzianum ITEM 3636 showed
ability to control peanut smut by T. frezii and has the
potential to exert beneficial effects on peanut plants,
increasing the crop yield. Further assays are needed
to thoroughly evaluate the performance of strain
ITEM 3636 under different soil and climate condi-
tions, to assess its biocontrol capacity against differ-
ent peanut pathogens and to determine the impact of
the formulation containing T. harzianum ITEM 3636
on members of the soil microbiota. In Argentina,
brown root rot and peanut smut are diseases that
cause severe economic losses. Both causal agents,
F. solani and T. frezii, may be present in the soil and,
depending on environmental factors, cause disease.
T. harzianun ITEM 3636 is a microbial agent with
high potential for controlling both diseases. Thus,
the application of a single bioformulation could
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Fig. 2 Effect of seed treatment
with a bioformulation containing
T. harzianum ITEM 3636 on
incidence (□) and severity (■) of
peanut smut in naturally infested
plots. Data were recorded in field
assays during two years (2015
and 2016). Different letters on
each parameter from each year
indicate statistically significant
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protect the health of peanut plants against two high
impact pathogens.

Acknowledgements This work was supported by grants from
Agencia Nacional de Promoción Científica y Tecnológica
(MINCyT) PICT 2012-1535- Préstamo BID, and Secretaría de
Ciencia y Técnica de la Universidad Nacional de Río Cuarto
(SECyT-UNRC). We gratefully thank Ing. Claudio Oddino and
Ing. José Folguera for their assistance in the field assays.

Compliance with ethical standards

Conflict of interest The authors declare that they have no con-
flict of interest.

Human and animal subjects This article does not contain any
studies with human or animal subjects.

References

Abeysinghe, S. (2007). Biological control of Fusarium solani f.
sp. phaseoli the causal agent of root rot of bean usingBacillus
subtilis CA32 and Trichoderma harzianum RU01. Ruhuna
Journal of Science, 2, 82–88.

Andrés, J., Pastor, N., Ganuza, M., Rovera, M., Reynoso, M. M.,
& Torres, A. (2016). Biopesticides: An Eco- Friendly
Approach for the Control of Soilborne Pathogens in Peanut.
In D. P. Singh, H. B. Singh, & R. Prabha (Eds.), Microbial
Inoculants in Sustainable Agricultural Productivity Vol. 1:
Research Perspectives (pp. 161–179). India: Springer.

Carbone, I., & Kohn, L.M. (1999). Amethod for designing primer
sets for speciation studies in filamentous ascomycetes.
Mycologia, 91, 553–556.

Carranza, J. M., & Lindquist, J. C. (1962). Thecaphora frezii sp.,
parásita de Arachis sp. Boletín de la Sociedad Argentina de
Botánica X, 1, 11–17.

Chaverri, P., Branco-Rocha, F., Jaklitsch, W. M., Gazis, R. O.,
Degenkolb, T., & Samuels, G. J. (2015). Systematics of the
Trichoderma harzianum species complex and the
reidentification of commercial biocontrol strains.
Mycologia, 107(3), 558–590.

Druzhinina, I. S., Kubicek, C. P., Komoń-Żelazowska,M., Mulaw,
T. B., & Bissett, J. (2010). The Trichoderma harzianum
demon: complex speciation history resulting in coexistence
of hypothetical biological species, recent agamospecies and
numerous relict lineages. BMC Evolutionary Biology, 10, 94.

Marinelli, A., March, G. J., & Oddino, C. (2008). Aspectos
biológicos y epidemiológicos del carbón del maní (Arachis

hypogaea L.) causado por Thecaphora frezii Carranza &
Lindquist. Agriscientia, 25, 1–5.

Marinelli, A.,March, G., Oddino, C., Garcia, J., Rago, A., & Zuza,
M. (2010). El carbón del maní de 1995 a 2010 de
enfermedad emergente a enfermedad endémica y
epidémica. 25º Jornada Nacional de Maní (pp. 55–56).
Córdoba: General Cabrera.

Marraro Acuña, F., & Murgio, M. (2009). Efecto de los sistemas
de labranza y rotaciones en el desarrollo del carbón del maní.
In XXV Jornada Nacional del Maní, General Cabrera,
Córdoba (Argentina) (pp. 8–10).

Montealegre, J., Valderrama, L., Sánchez, S., Herrera, R., Besoain,
X., & Pérez, L. M. (2010). Biological control of Rhizoctonia
solani in tomatoes with Trichoderma harzianum mutants.
Electronic Journal of Biotechnology, 13, 1–11.

O’Donnell, K. L. (1993). Fusarium and its near relatives. In D. R.
Reynolds & J. W. Taylor (Eds.), The fungal holomorph:
mitotic, meiotic and pleomorphic speciation in fungal sys-
tematics (pp. 225–233). Wallingford: CAB International.

Oddino, C., Marinelli, A., March, G., García, J., Tarditi, L.,
D’Eramo, L., & Ferrari, S. (2010). Relación entre el potencial
inóculo de Thecaphora frezii. La intensidad de carbón del
maní y el rendimiento del cultivo. 25° Jornada de Maní.
General Cabrera, Córdoba. CIA-INTA (pp. 24–26).

Perazzolli, M., Roatti, B., Bozza, E., & Pertot, I. (2011).
Trichoderma harzianum T39 induces resistance against
downy mildew by priming for defense without costs for
grapevine. Biological Control, 58, 74–82.

Prasad, P. V. V., Kakani, V. G., & Upadhyaya, H. D. (2009).
Growth and production of groundnuts. In W. H. Verheye
(Ed.), Soils, plant growth and crop production (pp. 138–
167). Oxford: Encyclopedia of Life Support Systems. Eolss
Publishers.

Rojo, F. G., Reynoso, M. M., Ferez, M., Chulze, S. N., & Torres,
A. M. (2007). Biological control by Trichoderma species of
Fusarium solani causing peanut brown root rot under field
conditions. Crop Protection, 26, 549–555.

Srivastava, R., Khalid, A., Singh, U. S., & Sharma, A. K. (2010).
Evaluation of arbuscular mycorrhizal fungus, fluorescent
Pseudomonas and Trichoderma harzianum formulation
against Fusarium oxysporum f. sp. lycopersici for the man-
agement of tomato wilt. Biological Control, 53, 24–31.

Tjamos, E. C., Tjamos, S. E., & Antoniou, P. P. (2010). Biological
management of plant diseases: highlights on research and
application. Journal of Plant Pathology, 92, 17–21.

Vitale, A., Cirvilleri, G., Castello, I., Aiello, D., & Polizzi, G.
(2012). Evaluation of Trichoderma harzianum strain T22 as
biological control agent of Calonectria pauciramosa.
BioControl, 57, 687–696.

Yang, X., Chen, L., Yong, X., & Shen, Q. (2011). Formulations
can affect rhizosphere colonization and biocontrol efficiency
of Trichoderma harzianum SQR-T037 against Fusariumwilt
of cucumbers. Biology and Fertility of Soils, 47, 239–248.

Eur J Plant Pathol


	Efficacy...
	Abstract
	References


