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Stem rot is a serious disease in Jerusalem artichoke 
(JA). To reduce the impact of this disease on yield and 
quality farmers often use fungicides, but this control 
method can be expensive and leave chemical residues. 
The objective of this study was to evaluate the efficacy 
of two biological control agents, Trichoderma harzia-
num T9 and Bacillus firmus BSR032 for control of Scle-
rotium rolfsii under field conditions. Four accessions of 
JA (HEL246, HEL65, JA47, and JA12) were treated or 
notreated with T. harzianum T9 and B. firmus BSR032 
in a 4 × 2 × 2 factorial experiment in two fields (envi-
ronments), one unfertilized and one fertilized. Plants 
were inoculated with S. rolfsii and disease was evalu-
ated at 3-day intervals for 46 days. T. harzianum T9 
and B. firmus BSR032 reduced disease incidence by 
48% and 49%, respectively, whereas T. harzianum T9 
+ B. firmus BSR032 reduced disease incidence by 37%. 
The efficacy of T. harzianum T9 and B. firmus BSR032 

for control of S. rolfsii was dependent on environments 
and genotypes. The expression of host plant resistance 
also depended on the environment. However, HEL246 
showed consistently low disease incidence and severity 
index in both environments (fertilized and unfertilized). 
Individually, T. harzianum T9, B. firmus BSR032, or 
host plant resistance control stem rot caused by S. rolf-
sii in JA. However, no combination of these treatments 
provided more effective control than each alone.

Keywords : antagonism, antibiosis, Bacillus firmus, genetic 
resistance, Trichoderma harzianum

Jerusalem artichoke (Helianthus tuberosus L.) (JA) pro-
duces edible tubers that contain inulin (Puttha et al., 2012). 
The levels of inulin in tubers range from 7% to 30% of 
fresh weight and about 50% of dry weight (Kays and Not-
tingham, 2007). JA is used as a functional food (Roberfroid, 
2007), feed additive (Farnworth, 1994), or as bioethanal (Li 
et al., 2013).

Stem rot caused by Sclerotium rolfsii Sacc. [syn. Althelia 
rolfsii (Curzi) C.C. Tu & Kimbr.] is a major disease prob-
lem for JA production in the tropics (Sennoi et al., 2010). 
The pathogen infects tubers, causing 60% of yield loss in 
temperate regions (McCarter and Kays, 1984). In the tropi-
cal area of Thailand, disease incidences of up to 32% have 
been reported (Junsopa et al., 2016). The pathogen survives 
in soil for years and has a wide host range (McCarter and 
Kays, 1984).

In Thailand, JA is used mainly for the production of 

*Corresponding author.  
Phone) +886-6643-202-292, FAX) +886-6643-202-292 
E-mail) sjogloy@gmail.com 
ORCID 
Sanun Jogloy 
http://orcid.org/0000-0001-7455-4514

Handling Editor : Eric Johnson

 This is an Open Access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0) which permits unrestricted 
noncommercial use, distribution, and reproduction in any medium,  
provided the original work is properly cited.

Articles can be freely viewed online at www.ppjonline.org.

http://crossmark.crossref.org/dialog/?doi=10.5423/PPJ.OA.04.2021.0067&domain=pdf&date_stamp=2021-10-01


Bio-control of Stem Rot in Jerusalem Artichoke (Helianthus tuberosus L.) in Field Conditions � 429

functional food products; therefore, it is important to con-
trol the disease by methods that reduce potential pesticide 
residues. Host resistance (Junsopa et al., 2017) and biologi-
cal control are desirable choices for this purpose. Antago-
nistic organisms can control the target disease by several 
mechanisms including parasitism, competition, antibiosis, 
induced resistance, and plant growth promotion (Baker, 
1968; Handelsman and Stabb, 1996). Organisms antago-
nistic to S. rolfsii and potential bio-control agents include 
Trichoderma spp. (Ali and Javaid, 2015; Singh and Singh, 
2004), arbuscular mycorrhizae (Doley et al., 2014), Bacil-
lus subtilis (El-Fiki et al., 2014), Streptomyces spp. (Errakhi 
et al., 2007), certain actinomycetes (Pattanapipitpaisal and 
Kamlandharn, 2012) and Pseudomonas spp. (Chanutsa et 
al., 2014; El-Fiki et al., 2014).

Arbuscular mycorrhizae and Trichoderma spp. have been 
used to control wilt, stalk, and tuber rots caused by Sclero-
tinia sclerotiorum and Rhizoctonia solani in JA (Ezzat et 
al., 2015). Arbuscular mycorrhizae and Trichoderma spp. 
have also reduced the percentage of tuber rot caused by S. 
rolfsii and increased survival of JA (Al-Askar et al., 2014). 
Other bio-control organisms that have reduced the inci-
dence of stem rot in JA include Saccharomyces cerevisiae 
(55.5% reduction), T. viride (77.9% reduction), B. subtilis 
(88.8% reduction), and P. fluorescens (66.7% reduction) 
(Eid, 2013). Under greenhouse conditions in Thailand, T. 
harzianum T9 and the arbuscular mycorrhizal species Glo-
mus clarum KKURA0305 controlled S. rolfsii in JA (Sennoi 
et al., 2013b); similar results were reported in a subsequent 
study with T. harzianum T9, B. firmus BSR032, and G. 
clarum (Charirak et al., 2016).

Although these studies indicate that biological control of 
stem rot is possible, antagonistic organisms are often spe-
cific to the target pathogens in each environment. There-
fore, indigenous antagonistic organisms may be more ef-
fective for the control of the target disease than non-native 
antagonists. The objective of this study was to evaluate the 
efficacy of selected indigenous strains of T. harzianum T9 
and B. firmus BSR032 for control of S. rolfsii under field 
conditions.

Materials and Methods

Plant materials and experimental design. A 4 × 2 × 2 
factorial experiment was conducted in July–October 2015 
at Khon Kaen University, Thailand. Factors included four 
JA genotypes (factor A), HEL246, HEL65, JA12, and 
JA47. HEL246, and HEL65 are resistant genotypes, and 
JA12, and JA47 are susceptible genotypes (Junsopa et al., 
2017). Factor B was T. harzianum T9 and an uninoculated 

control, and factor C was B. firmus BSR032 and an unin-
oculated control. The 16 treatment combinations were ar-
ranged in a randomized complete block design with four 
replications. This field test was planted in two environ-
ments, one being an unfertilized field and the second be-
ing a fertilized field. Both fields were located on the same 
research station.

Planting and crop management. The research areas were 
prepared using conventional tillage including plowing 
twice and then leveling. Small plots with raised beds (2 × 
5 m) were then created. Seed tubers were cut into small 
pieces that included 2 to 3 active buds and then incubated 
in a moist charred rice husk medium. After 3 days of in-
cubation, the seedlings were transferred into plug trays 
containing a 1:1 (v:v) mixture of soil and charred rice husk 
and were grown for an additional 7 days.Uniform seedlings 
with 4 to 6 leaves were transplanted on the raised beds of 
a four-row plot, Plant spacing of 50 × 50 cm was used for 
sowing, for a total of 36 plants per plot. Plots were hand 
weeded and a 15-15-15 fertilizer formula, was applied at 
the rate of 156.125 kg/ha to the fertilized field at 15 days 
after transplanting (DAT) and 25 DAT. A mini sprinkler 
was set up and used for irrigation. In general, irrigation was 
applied 2 times a week to support plants in non-drought 
stress condition.

Preparation of T. harzianum T9, B. firmus BSR032, and 
S. rolfsii. Department of Entomology and Plant Pathol-
ogy, Khon Kaen University, provided T. harzianum T9 
and B. firmus BSR032 for this experiment. Potato dextrose 
agar (PDA) was used for the culture of T. harzianum T9 
and the culture was placed in an incubator at 25 ± 2°C for 
3 days. Sorghum seed was soaked overnight to soften, 
then steamed for an hour, placed in polypropylene bags 
(400 g per bag) and autoclaved at 121°C for 30 min. A 
cork borer was used to cut plugs 0.5 cm in diameter from 
the PDA cultures. Four plugs were placed in each bag of 
cooled autoclaved sorghum seed and bags were incubated 
at room temperature (30 ± 2°C) for 5 days (Charirak et al., 
2016; Sennoi et al., 2013b). The sorghum seed inoculum 
was used to produce a spore suspension in sterilized dis-
tilled water. Then the spore suspension was counted in a 
hemocytometer and adjusted to a concentration of 1 × 109 
spores/ml.

Nutrient agar was used to culture B. firmus BSR032 and 
incubated at 25 ± 2°C for 48 h. The cultures then were 
transferred into the nutrient broth and incubated for 24 h. 
The concentration of B. firmus BSR032 was counted using 
a spectrophotometer at 600 nm and adjusted to 0.1 OD to 
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obtain the concentration of 1.62 × 109 cfu/ml (Maneesuwan 
and Sirithorn, 2013).

PDA was used to culture S. rolfsii. Cultures were incu-
bated at 25 ± 2°C for 3 days. Plugs then were cut from the 
PDA with a 0.5 cm diameter cork borer and four plugs 
were added to cooled autoclaved bags of sorghum seed 
prepared as described above. Cultures were incubated at 
room temperature (30 ± 2°C) for 7 days (Junsopa et al., 
2016).

Inoculation with T. harzianum T9, B. firmus BSR032, 
and S. rolfsii. At 38 DAT, 16 plants in two middle rows of 
each plot were inoculated with the designated bio-control 
treatment. Prior to inoculation at 15:00, mini-sprinkler ir-
rigation was applied for 30 min to increase humidity. T. 
harzianum T9 suspension was applied at the crown of each 
plant at approximately10 ml per plant. Inoculation of B. fir-
mus BSR032 at the rate of 10 ml per plant was carried out 
at the same time and with the same method.

Seven days (or 45 DAT) after T. harzianum T9 and B. 
firmus BSR032 application, plants were inoculated with S. 
rolfsii. Prior to inoculation at 15:00, mini-sprinkler irriga-
tion was applied for 30 min to increase humidity. Three 
seeds of the S. rolfsii infested sorghum were buried in the 
soil around the crown of the plant, at 1 cm below the soil 
surface. 

Soil and weather data. Soil samples (30 cm depth) were 
collected twice, once before planting and a second time at 
20 days after fertilizer application. The soil samples were 
taken from the experimental field (0-30 cm in depth), then 
bulked and mixed well before analysis. For analysis, the 
soil sample was divided into two subsamples. The values 

were averaged and presented in Table 1. The soil samples 
were analyzed for pH, cation exchange capacity, electrical 
conductivity, organic matter, total nitrogen, available phos-
phorus, exchangeable potassium, exchangeable calcium, 
and were subjected to soil texture analysis. Meteorological 
data were recorded for air relative humidity, temperature, 
and rainfall throughout the experimental period.

Stem rot disease data. Disease assessment was done at 
3-day intervals from 1 day after inoculation (DAI) until 46 
DAI for disease incidence. Disease severity was assessed 
using a disease score of 0-5 (0 = healthy plant, 1 = lesion 
without wilting, 2 = 1-2 leaves wilting, 3 = more than two 
leaves wilting, 4 = damped off and 5 = plant dead) was 
used (Sennoi et al., 2013a). Disease scores were converted 
to a disease severity index (SI) as follows (Anfok, 2000);

SI = [Σ (rating scores × number of plants receiving each 
score) × 100%]/(number of plants rated × highest rating 
among all plants).

Data analysis. Disease incidence and SI data were ana-
lyzed by Statistix 8 software (Analytical Software, 2003). 
An analysis of variance and combined analysis for the two 
environments, unfertilized and fertilized fields, were used 
to determine the significance of the main effects and inter-
actions, and a least significant difference test was used to 
test the differences among treatments.

Results

Soil and meteorological data. Total rainfall was 447 and 
434 mm for environment 1 (fertilized field) and environ-
ment 2 (unfertilized field), respectively (Fig. 1). Tempera-

Fig. 1. Rainfall, relative humidity, maximum and minimum temperature of the experiment during July-October 2015. Environment 1 
(fertilized field) during July 26-October 25, 2015, and environment 2 (unfertilized field), during July 31-October 30, 2015. The fertilizer 
formula 15-15-15 at 156 kg/ha.
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tures and relative humidity in the two environments were 
similar. In both environments, the minimum temperatures 
ranged from 20.5°C to 26.0°C, and maximum temperatures 
ranged from 25.0°C to 39.5°C. Similarly, relative humidity 
ranged between 76% to 98%, in both environments.

Soil properties in both environments were similar (Table 
1). After fertilizer was added, most soil nutrients were 
slightly higher in the fertilized field than in the unfertilized 

field.

Effects of bio-control organisms on disease incidence 
and severity. Environments, JA genotypes, and the bio-
logical control organisms significantly affected disease 
incidence (Table 2). The environments differed in disease 
incidence, with higher levels of disease incidence (33.7% 
vs. 27.3%) and severity (28.3% vs. 23.5%) observed in 
environment 1 (fertilized field) compared to environment 2 
(unfertilized field) (data not shown).

T. harzianum T9 reduced disease incidence in two envi-
ronments, but disease severity was not reduced in environ-
ment 2 (Figs. 2 and 3). B. firmus BSR032 reduced disease 
incidence in environment 1 and SI in environment 2 (Figs. 
2 and 3). The combination of the two biological control 
treatments (T. harzianum T9 and B. firmus BSR032) were 
less effective than either alone (Table 3).

Among the JA genotypes, HEL246 had less disease in-
cidence than the other three genotypes (Table 4), whereas 
HEL246 and JA47 had less disease SI than the rest of the 
genotypes. Disease incidence was reduced by T. harzianum 
in the genotypes HEL65 and JA47 (Fig. 4A). Without the 
application of T. harzianum T9, HEL246 had less disease 
incidence than the other genotypes whereas with T. har-
zianum T9 added, HEL246 and JA47 had less disease in-
cidence than the other genotypes (Fig. 4A). For disease SI, 
HEL246 and JA47 had less disease SI than other genotypes 
under with or without T. harzianum T9 added (Fig. 4B). 
HEL246 had less disease incidence than the other geno-
types with and without B. firmus BSR032 (Fig. 5A), like-
wise HEL246 and JA47 had less disease SI than the other 
genotypes with and without B. firmus BSR032 added (Fig. 
5B).

In general, disease incidence and disease SI in environ-
ment 1 (fertilized field) were higher than in environment 

Table 1. Soil pH, total nitrogen (N), available phosphorus (P), exchangeable potassium (K), exchangeable calcium (Ca), organic matter 
(OM), electrical conductivity (EC), cation exchange capacity (CEC) and texture before and after fertilizer application in two environ-
ments

Environmentsa pH Total N 
(%)

Available P 
(mg/kg)

Exchangeable K 
(mg/kg)

Exchangeable Ca 
(mg/kg)

OM 
(%)

EC 
(/dsm)

CEC 
(c mol/kg) Soil texture

Before planting
Environment 1 6.89 0.0225 25.99 35.99 335 0.455 0.036 1.674 Loamy-sand
Environment 2 6.55 0.0208 35.89 42.32 305 0.428 0.079 1.757 Loamy-sand
After fertilizer  

application
Environment 1 7.02 0.0261 34.16 45.23 415 0.521 0.048 2.082 Loamy-sand
Environment 2 7.15 0.0197 22.28 27.24 310 0.405 0.026 1.598 Loamy-sand

aEnvironment 1 designates the fertilized field with the application of fertilizer formula 15-15-15 at 156 kg/ha and environment 2 designates the 
unfertilized field.

Table 2. Mean squares for disease incidence and severity index 
of stem rot in Jerusalem artichoke caused by Sclerotium rolfsii

Source of variation df Disease incidence 
(%)a

Severity index 
(%)b

Environment (E) 1 1,320.34** 740.16**
Reps/environment 6 26.75** 163.43**
Varieties (V) 3 1,330.13** 2,428.07**
Trichoderma (T) 1 2,187.08** 301.97**
Bacillus (B) 1 2,517.84** 908.45**
E × V 3 623.52** 88.22**
E × T 1 364.16** 1,268.82**
E × B 1 311.56** 32.20**
V × T 3 357.76** 471.96**
V × B 3 186.01** 254.03**
T × B 1 5,892.91** 1,942.20**
E × V × T 3 506.88** 227.75**
E × V × B 3 612.04** 366.95**
E × T × B 1 48.14** 1,348.10**
V × T × B 3 127.50** 103.99**
E × V × T × B 3 11.49** 318.42**
Pooled error 90 77.28** 88.31**
CV (%) 28.81** 36.32**

Significant at *P < 0.05 and **P < 0.01, respectively. 
CV, coefficient of variation.
aDisease incidence at 40 days after inoculation.
bSeverity index was evaluated at 40 days after inoculation.
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2 (unfertilized field) (Fig. 6). HEL246 and JA47 had less 
disease incidence than HEL65 and JA12 under environ-
ment 1, whereas HEL246 and HEL65 had less disease inci-
dence than JA47 and JA12 under environment 2 (Fig. 6A). 
HEL246 and JA47 had less disease SI than HEL65 and 
JA12 under environment 1 and environment 2 (Fig. 6B). 

Discussion

Trichoderma spp. have been used for bio-control of several 
diseases for decades (Harman, 2006) and T. harzianum has 

Fig. 2. Incidence (A) and severity index (B) of stem rot caused by Sclerotium rolfsii in the presence (+T) and absence (–T) of Tricho-
derma harzianum T9 under two environments with fertilized field (E1) or unfertilized field (E2), means (from n = 32 observations) with 
the same letter(s) are not significantly different at 5% level by least significant difference test.

Fig. 3. Incidence (A) and severity index (B) of stem rot caused by Sclerotium rolfsii in the presence (+B) and absence (–B) of Bacillus 
firmus BSR032 under environments with fertilized field (E1) or unfertilized field (E2), means (from n = 32 observations) with the same 
letter(s) are not significantly different at 5% level by least significant difference test. 

Table 3. Effect of Trichoderma harzianum T9 and Bacillus firmus BSR032 on incidence and severity index of stem rot in Jerusalem arti-
choke caused by Sclerotium rolfsii 

Treatments Disease incidence  
(%)

Severity index  
(%)

Reduction (%)

Disease incidence Severity index
Control 45.9 a 34.0 a 0 0
T. harzianum T9 24.0 c   23.1 bc 47.6 32.0
B. firmus BSR032 23.4 c 20.8 c 48.9 39.0
T. harzianum T9 + B. firmus BSR032 28.7 b 25.6 b 37.4 24.7

Means from four varieties and two environments (unfertilized and fertilized fields), means with the same letter(s) in the same column are not 
significantly different at 5% level by least significant difference test. 

Table 4. Incidence and severity index of stem rot caused by Scle-
rotium rolfsii on four varieties in Jerusalem artichoke

Varieties Disease incidence (%) Severity index (%)
HEL246 22.0 c 19.9 b
HEL65 32.6 b 34.3 a
JA47 30.0 b 16.9 b
JA12 37.4 a 32.3 a

Means from four bio-control treatments and two environments (un-
fertilized and fertilized fields), means with the same letter(s) in the 
same column are not significantly different at 5% level by least sig-
nificant difference test.
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been used more extensively than other species. Mecha-
nisms of bio-control by Trichoderma spp. include myco-
parasitism, antibiosis, competition, and induced resistance 
(Nautiyal and Dion, 2008). The Trichoderma spp. de-
stroyed plant pathogen and induced plant resistance to oth-
er fungi (Mukherjee et al., 2013). Bacillus spp. had shown 
to be effective in controlling plant diseases caused by fungi 
and nematodes (Sarangi and Ramakrishnan, 2016). Mecha-

nisms of bio-control by Bacillus spp. include competition, 
antibiosis, plant growth promotion, and induced resistance 
(Cawoy et al., 2011).

Similar to past greenhouse studies by Sennoi et al. 
(2013b) and Charirak et al. (2016), this field study found 
that T. harzianum T9 and B. firmus BSR032 could be used 
for biological control of S. rolfsii in JA under field condi-
tions. The mechanism for bio-control of S. rolfsii by both T. 

Fig. 4. Incidence (A) and severity index (B) of stem rot caused by Sclerotium rolfsii on four cultivars in Jerusalem artichoke in the pres-
ence (+T) or absence (–T) of Trichoderma harzianum T9, means (from n = 16 observations) with the same letter(s) are not significantly 
different at 5% level by least significant difference test. 

Fig. 5. Incidence (A) and severity index (B) of stem rot caused by Sclerotium rolfsii on four cultivars in Jerusalem artichoke in the pres-
ence (+B) or absence (–B) of Bacillus firmus BSR032, means (from n = 16 observations) with the same letter(s) are not significantly dif-
ferent at 5% level by least significant difference test. 

Fig. 6. Incidence (A) and severity index (B) of stem rot caused by Sclerotium rolfsii on four varieties of Jerusalem artichoke under two 
environments (E1) fertilized field with the application of fertilizer formula 15-15-15 at 156 kg/ha or (E2) unfertilized field. Means (from 
n = 16 observations) with the same letter(s) are not significantly different at 5% level by least significant difference test.
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harzianum T9 and B. firmus BSR032 is thought to be deg-
radation of β-1,3-glucan and chitin in the cell wall (Charirak 
et al., 2016; Elad et al., 1982; El-Katatny et al., 2000).

In this study, Trichoderma and Bacillus appeared to in-
teract negatively. The treatment with either T. harzianum 
T9 or B. firmus BSR032 greatly reduced disease incidence, 
but control was less effective when both organisms were 
used together (Table 3). This may indicate that interactions 
depend on the specific strains of Trichoderma and Bacillus. 
Similarly, under greenhouse conditions, co-inoculation of 
T. harzianum T9 and G. clarum KKURA0305 resulted in 
higher disease incidence in JA, JA37, than single inocula-
tion of G. clarum KKURA0305 and the co-inoculation had 
disease incidence similar to the application of T. harzianum 
T9 alone (Sennoi et al., 2013b). Reduced control with co-
inoculation compared to single inoculation may have been 
due to competition between the organisms for the same 
ecological niche for growth. Ruano-Rosa et al. (2014) re-
ported that some bacteria strains reduced growth of some 
strains of Trichoderma in combined application for control 
of avocado white root rot. However, the compatibility of T. 
harzianum T9 and B. firmus BSR032 was not tested in this 
study.

Interaction of T. harzianum T9 and B. firmus BSR032 
with environments and genotypes and interaction of geno-
types by environment were observed for disease incidence 
and SI in JA (Table 2). These findings indicated that the ef-
ficacy of T. harzianum T9 and B. firmus BRS032 for con-
trol of S. rolfsii was dependent on environments and geno-
types. Expression of host plant resistance of JA also was 
dependent on environments. HEL246 showed consistently 
low disease incidence. HEL246 and JA47 also showed 
the lowest disease SI in both environments (fertilized and 
unfertilized fields) (Fig. 6). However, HEL 65 showed low 
disease incidence only under environment 2 (unfertilized 
field). Handelsman and Stabb (1996) speculate that vari-
etal differences may be due to differential growth patterns 
of rhizosphere microorganisms. In this study, the results 
revealed that the performance of T. harzianum T9 and B. 
firmus BSR032 were specific to environments (Figs. 2 and 
3) and plant genotypes (Figs. 4 and 5). Harman (2006) also 
reported on the specificity of Trichoderma strains to plant 
genotypes. As noted in Figs. 2, 3, and 6, the environment 
also affected the bio-control of S. rolfsii. Likewise, JA gen-
otypes varied in their response to disease and bio-control 
organisms across environments.

This experiment was conducted in unfertilized and fer-
tilized fields. In general, the fertilized field environment 
showed higher disease incidence and SI than an unfertilized 
field environment. The fertilized field had higher N, P, K, 

and Ca than the unfertilized field (Table 1). Plant nutrition 
is an important factor in plant-disease interactions (Spann 
and Schumann, 2009). Dordas (2008) reviewed the role of 
plant nutrients in plant disease and revealed that applica-
tion of N could increase or decrease the incidence of plant 
disease. However, Ca application generally enhances plant 
disease resistance (Dordas, 2008) and Ca reduced disease 
caused by S. rolfsii due to its effects on plant cell walls and 
cell wall degrading enzymes (Punja et al., 1986). Disease 
development was not consistent with the application of ni-
trogen because the effect depended on the form of nitrogen 
used, type of pathogen, stage of a developmental host, and 
interaction of N, pathogen, and bio-control microorgan-
ism (Dordas, 2008). Punja et al. (1986) reported that the 
application of ammonium bicarbonate and urea to carrot 
reduced sclerotial germination by S. rolfsii and the percent-
age of dead plants, infected by this pathogen. In the same 
study, application of nitrogen in the form of ammonium 
bicarbonate, ammonium nitrate, and ammonium sulfate 
reduced the percentage of dead carrot plants, with nitrogen 
application in form of ammonium bicarbonate being the 
most effective in reducing the percentage of dead plants. 
In contrast to Punja et al. (1986) in this study, the fertilized 
field had higher N than the unfertilized field and showed 
more stem rot disease incidence and SI. It is common for 
stem rot to be more serious with lush or rapid plant growth 
as we might find in high fertility environments. Ca reduced 
S. rolfsii due to its effects on cell walls and cell wall de-
grading enzymes (Punja et al., 1986).

The results of this study indicate that T. harzianum T9 
or B. firmus BSR032 or host plant resistance could be a 
good choice for biological control of stem rot caused by S. 
rolfsii in JA. They reduced the incidence and SI of disease 
in JA. Consideration of plant genotype, environment, and 
combination of the bio-control organisms is necessary be-
cause T. harzianum T9 and B. firmus BSR032 are specific 
with plant genotypes (Figs. 4 and 5) and environments (Fig. 
6). Without application of T. harzianum T9, HEL246 had 
less disease incidence than other varieties. The applica-
tion of T. harzianum T9 can reduce disease incidence in 
resistant (HEL65) and susceptible (JA47) genotypes but 
cannot reduce disease incidence in the most resistant geno-
type (HEL246) and susceptible genotypes (Fig. 4). Similar 
results were found for disease SI (Fig. 5). Similar results 
were also found for the interaction of B. firmus BSR032 
and JA genotypes (Fig. 5). Further enhancement of control 
may be possible with continued efforts to select improved 
resistant genotypes, bio-control strains, and finding good 
compatible combination strains of T. harzianum and B. fir-
mus.
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