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Abstract

The efficiency of a formulated salicylic acid (Zacha 11, 500 mg - I!) and a Bacillus bioproduct
(JN2-007, 1 x 107 cfu - ml™") in controlling cassava root rot disease and enhancing growth
was evaluated. The results revealed that cassava stalk soaking and foliage spraying with
Zacha 11 formulation or Bacillus subtilis bioproduct could increase cassava growth at
60 days after planting under greenhouse conditions. Zacha 11 gave the tallest stem height
(11.67 cm), the longest root length (18.91 cm) and the greatest number of roots (49.50).
Fusarium root rot severity indices of all treated treatments were reduced, and were sig-
nificantly lower than that of the water control. Plants treated with Zacha 11 and JN2-007
had disease severity reduction of 53.33 and 48.33%, respectively. Furthermore, all treat-
ments increased the endogenous salicylic acid (SA) content in cassava plants at 24 inocula-
tion with significant differences when compared to the untreated samples. The efficacy of
Zacha 11 and JN2-007 was evaluated at two field locations, using two different cassava va-
rieties, cv. Rayong 72 and CMR-89. The results showed that all elicitors could suppress root
rot disease as well as bacterial leaf blight. Furthermore, the elicitors helped cassava plants
cv. Rayong 72 and CMR-89 to increase tuber weight, yield and starch contents, compared to
the water control. Thus, it is possible that these formulations could be effective in control-
ling diseases and increasing cassava productivity.

Keywords: Bacillus bioproduct, cassava disease, controlling, growth promotion, salicylic
acid

Introduction

Cassava (Manihot esculenta Crantz) has been recog-
nized as one of the most important economic crops
in Thailand (Chaisinboon and Chontanawat 2011;
Jakrawatana et al. 2015; Treesilvattanakul 2016). The
average cassava yield of the country has been approx-
imately 20 t - ha™', which is lower than the expected
yield. The constraints contributing to yield reduction
are many, but those from several fungal, bacterial and

viral diseases have been estimated to be as high as
20-80% (Piyachomkwan and Tanticharoen 2011;
Camila et al. 2018). One of the most severe diseases
is cassava root rot caused by a complex of soilborne
pathogens, especially Fusarium spp., Lasiodiplodia
theobromae, Neoscytalidium hyalinum, Sclerotium
rolfsii and Phytophthora spp. (Charaensatapon et al.
2014; Duchanee 2015). Conventional practices for
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cassava disease control in Thailand have included using
chemicals, which are effective to a certain extent. How-
ever, chemical control directly affects the health of
consumers and the environment (Panuweta et al. 2013;
Sriket et al. 2015). Therefore, resistance elicitors could
be better alternatives and have been extensively evalu-
ated to determine their possible use in the manage-
ment of plant diseases. Plant growth-promoting rhizo-
bacteria (PGPRs), such as Bacillus subtilis, can enhance
growth and have the ability to induce disease resist-
ance in several economic crops such as soybean, corn,
rice and cauliflower (Prathuangwong and Kasem 2004;
Prathuangwong and Buensanteai 2007). Exogenous
salicylic acid (SA) has also been used as a promoter
of plant growth. It generates a wide range of metabolic
and physiological responses in plants, thereby affect-
ing the development and growth of plants (Hayat and
Ahmad 2007) which can indirectly increase produc-
tion and harvested plant yield. It can also trigger the
SA-dependent signaling pathway in plant defense
against pathogens in plant cells and stimulates the
induction of plant defense mechanisms in numerous
plants (Hayat et al. 2010; Le Thanh et al. 2017; Sang-
pueak et al. 2018). Even though there have been nu-
merous reports about using several resistance elicitors
for controlling economic crop diseases, none of them
have been tested on cassava root rot disease (CRRD).
Therefore, this research was conducted to evaluate the
efficacy of salicylic acid and a Bacillus bioproduct in
controlling CRRD under both greenhouse and field
conditions.

Materials and Methods

Preparation of the salicylic acid elicitor
(Zacha)

An exogenous formulation of salicylic acid (Zacha),
a product of Bioactive Agro Industry Co. Ltd., was used
in this experiment. Zacha is a prototype formulation
developed by the Plant Molecular Biology Laboratory,
Suranaree University of Technology, Thailand.

Preparation of the bioproduct elicitor and
culture conditions of Fusarium solani

The bioproduct B. subtilis JN2-007 is a product of
Bioactive Agro Industry Co. Ltd., and developed by
Nikaji et al. (2015) from the Plant Molecular Biology
Laboratory, Suranaree University of Technology, Thai-
land. The product was adjusted to 1 x 107 cfu - ml™* con-
centration with sterile distilled water. Fusarium solani
isolate SHRD was obtained from stock culture in po-
tato dextrose broth (PDB) with 30% glycerol stored at
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-80°C in the Plant Molecular Biology Laboratory,
Suranaree University of Technology, Thailand. The
culture was transferred onto a potato dextrose agar
(PDA) plate, then incubated at 28 + 2°C for 7 days.
Subsequently, agar blocks of the growing mycelia were
transferred into a PDB flask (125 ml) and incubated
in a shaker at room temperature for 3 days, and used
for the experiment (Patil et al. 2011; Malandrakis et al.
2018).

Evaluation of the elicitors’ efficacy
in promoting plant growth and reducing root
rot severity under greenhouse conditions

Stalks of cassava accession number CMR-89 were
surface-sterilized with 1% NaOCI for 2 min, followed
by washing three times with sterile distilled water
and allowed to dry for 5 min at room temperature.
The experiment was set up as two identical sets, each
set consisted of six treatments including the solu-
tion of Zacha 11 elicitor (salicylic acid 500 mg - 1),
JN2-007 elicitor (1 x 107 cfu - ml™"), three positive
controls (Laminar, 1 x 10° cfu - mg™ WP; Sarcon, SA
1,000 mg - I';; and Mancozeb 80% WP) and negative
control (water) treatment, four replications. The cas-
sava stalks were soaked in the solutions for 10 min
before planting in black plastic pots (30 cm), in four
replications with three stalks per each replication. At
15, 30 and 45 days after planting (DAP), the cassava
plants were sprayed again with the same solution of
each treatment. Subsequently, at 60 DAP, one set of
the plants was inoculated with Fusarium suspension of
1 x 10° conidia - ml™' by mixing it into the soil at
the rate of 100 ml - pot™, while plants in the other
set were uprooted and growth parameters were re-
corded. Disease severity scores based on the affected
root and stem areas were recorded as follows: 1 - no
symptoms, 2 — area affected by less than 25%, 3 — area
affected by 25-50%, 4 - area affected by 51-75%, and
5 — area affected by more than 75% (Onyeka et al. 2005;
Wokocha et al. 2010; Sompong et al. 2012; Duchanee
2015). Then, the percentage of disease severity index
was calculated using the slightly modified formula of
Le Thanh et al. (2017) as follows: Disease severity (%)
= [X(class frequency x score of rating class)]/[(total
number of scored plants) x (maximum disease score)]
x 100%. The root rot disease reduction was assessed at
7 days after inoculation (DAI) and was calculated using
the formula: Reduced disease severity of the disease =
[(DS of the control group — DS of elicitor treated groups/
DS of the control group] x 100%. The severity assess-
ment was done by measuring the affected cassava root
and stem area (Sompong et al. 2012; Duchanee 2015;
Le Thanh et al. 2017). The experiment was conducted
three times.
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Evaluation of endogenous salicylic acid (SA)

Firstly, 0.5 g of cassava leaf samples were soaked in
liquid nitrogen and homogenized with 1 ml of extrac-
tion buffer (90 : 9 : 1 volume of absolute methanol :
glacial acetic acid : distilled water) and centrifuged
at 12,000 rpm for 20 min at 4°C. After that, 500 pl of
the supernatant was mixed with an equal volume of
0.02 M ferricammonium sulfate and then incubated for
5 min at 30°C. The absorbance of 530 nm was read by
a Bio-Tek microplate reader and then compared with
standard references to calculate the endogenous SA
content in the sample (modified slightly by Raskin et al.
1989; Rozhon et al. 2005; Prakongkha et al. 2013).

Evaluation of the elicitors’ efficacy
in promoting plant growth and reducing
root rot severity under field conditions

The experiment was conducted under field conditions
at Suranaree University of Technology, Nakhon Rat
chasima, Thailand, in twolocations; DMS: 14°52°44.7”N
102°00’14.6”E and 14°51°43.2”N 102°01’57.5”E. The
experimental areas were thoroughly ploughed two
times and approximately 45 cm high beds were made.
Cassava stalks cv. Rayong 72 and accession number
CMR-89 (8-12 months old, 15 cm long) were then
planted vertically with 1 x 1 m spacing. Weed man-
agement was undertaken and granular fertilizer
(15-15-15) was applied at 125 kg - ha™ [1, 2 and
3 months after planting (MAP) to all treatments]. The
same concentrations of elicitors tested under green-
house conditions were also used under field condi-
tions. Each treatment had four replications. Appli-
cation of the elicitors was done by stalk soaking for
10 min before planting and spraying of cassava foli-
age (1251 - ha™') three times at 1, 2 and 3 MAP. Wa-
ter was used as a negative control (untreated) whereas

Laminar (commercial Bacillus), Sarcon (commercial
salicylic acid) and Mancozeb, served as positive con-
trols. The cassava plants were recorded for severity
from natural infection using the disease scores simi-
lar to that described in the previous experiment. Af-
ter that, the number of tubers (tubers - plant™), tuber
weights (kg - plant™), fresh tuber yields (tons - ha™)
and starch contents (%) were determined at 9 MAP
(Terry and Hahn 2009; Polthanee et al. 2014; Rom-
khambut 2015).

Results

Elicitors’ efficacy in promoting cassava plant
growth and reducing root rot severity under
greenhouse conditions

Enhancing effects of the elicitors on growth and reduc-
tion of disease severity on cassava accession number
CMR-89 cultivars were observed. The cassava plants
treated with Zacha 11 (500 mg - I'!) and JN2-007
(1 x 107 cfu - ml™") had all growth parameters signifi-
cantly higher than that of the water control (Table 1).
At 60 DAP, the cassava plants treated with Zacha 11
and JN2-007 had the tallest stem heights (11.67 and
9.71 cm, respectively), the longest root lengths (18.91
and 17.91 cm, respectively) and the greatest number
of roots (49.50 and 47.16, respectively). These results
were significantly different from the negative control
treatment (4.66 cm, 9.92 cm and 21.83, respectively).
The stem height, root length and root quantity of
treatments Laminar, Sarcon and Mancozeb were in
the middle between Zacha 11 or JN2-007 and the wa-
ter control. The severity and reduction of Fusarium
root rot were assessed on cassava roots at 7 days after
inoculation. The results indicated that root rot seve-

Table 1. Efficacy of elicitor application in promoting cassava plant growth and reducing Fusarium root rot severity under greenhouse

conditions
Growth parameter? Disease severity Disease

Treatment! stem height root length index? reduction?

[em] [em] number of roots %] %]
Zacha 11 11.67+1.59a 1891+231a 4950+ 144a 35.00+577b 5333+770a
JN2-007 9.71+091a 1791+ 1.16a 4716+ 1.52a 38.75+4.78b 48.33+6.38a
Laminar 7.25+1.54ab 13.75+£0.86 ab 40.22£0.453 ab 40.00 £4.08 b 46.67 £5.44 a
Sarcon 8.83+1.19ab 13.50 £0.90 ab 39.50+1.16 ab 3750+£645b 50.00+8.61a
Mancozeb 733+ 1.15ab 13.41£0.90 ab 37.83+1.69ab 25.00+4.08a 66.67 +5.44b
Water control 466+123b 9.92+1.08b 21.83+1.80b 75.00+15.81c¢ 0
'Zacha 11, JN2-007, Laminar (commercial Bacillus 1 x 10°cfu - mg™), Sarcon (commercial salicylic acid SA 1,000 mg - I"'), Mancozeb (80% WP) and water

used as a negative control. The elicitors and mancozeb were applied to cassava Acc. No CMR-89 by stalk soaking and foliage spray at 15, 30 and 45 days
after planting. Fusarium solaniinoculation was done by mixing into the soil at 60 days after planting; 2Zmeans in the column followed by the same letter
are not significantly different according to Duncan’s multiple range test at p = 0.05. Each value represents a mean of four replicates
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rity on cassava treated with Zacha 11 (35.00 * 5.77%)
or JN2-007 (38.75 + 4.87%) were not different from
those treated with commercial elicitors but were sig-
nificantly lower than that of the negative control
(75.00 + 15.81%). Mancozeb had the highest percent-
age of root rot reduction, which was significantly high-
er than the other treatments. The disease reduction of
Zacha 11 was approximately 53.33%, which was higher
than that of JN2-007 (48.33%) (Table 1).

The accumulation of endogenous salicylic
acid (SA)

There was an increase of endogenous SA content in
cassava plants at 24 h after inoculation in all treat-
ments (Fig. 1). The endogenous SA content in cassava

00 hours
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30 1
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20 1

Determination of endogenous salicylic acid
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treated with Zacha 11 elicitor at a concentration of
500 mg - I"! was significantly increased by 69.95 ug - g
of fresh weight compared to the negative control
(58.08 pg - g of fresh weight).

Effects of the elicitors on growth, diseases
and yield of cassava under field conditions

In location 1, disease severity indices of brown leaf
spot and anthracnose on cassava cv. Rayong 72 were
not different in all treatments, indicating no effect of
elicitors and Mancozeb on these two diseases (Table 2).
For bacterial blight and root rot diseases, the indices
were 11.33 and 14.67%, respectively, on plants with
the negative control treatment, while symptoms of the
two diseases were not observed on the elicitors and

0 24 hours

SA JN2-007
(Zacha11) elicitor

Larminar

Mancozeb 80%
WP

Sarcon Water

Fig. 1. Effectiveness of elicitors on the accumulation of endogenous salicylic acid in cassava accession number CMR-89

Table 2. Efficacy of elicitor treatments on severity of naturally occurring diseases on two cassava cultivars under field conditions of

location 1 in Nakhon Ratchasima

Disease severity index?

(%]

Treatment’ Cassava cv. Rayong 72 Cassava accession number CMR-89
brown leaf anthrac- bacterial root brown leaf anthrac- bacterial root
spot nose blight rot spot cnose blight rot
Zacha 11 33.33 42.67 0.00 a 0.00a 14.67 ab 23.33 0.00 a 0.00a
JN2-007 37.33 50.67 0.00 a 0.00a 17.33 ab 27.33 0.00 a 0.00 a
Laminar 21.33 42.00 0.00 a 0.00a 15.33 ab 22.67 0.00 a 0.00 a
Sarcon 20.00 39.67 0.00a 0.00 a 15.00 ab 20.00 0.00a 0.00a
Mancozeb 18.67 37.33 0.00a 0.00a 733a 17.33 0.00 a 0.00a
Water control 38.00 51.33 11.33b 14.67 b 2533b 37.33 733b 2467 b

'cassava plants were treated with Zacha 11, JN2-007, Laminar (commercial Bacillus 1 x 10°cfu - mg™), Sarcon (commercial salicylic acid 1,000 mg - I"),
Mancozeb (80% WP) and water used as a negative control, under field conditions at the Suranaree University of Technology, Nakhon Ratchasima,
Thailand; DMS: 14°52'44.7"N 102°00"14.6"E; means in the column followed by the same letter are not significantly different according to Duncan’s
multiple range test at p = 0.05. Each value represents a mean of four replicates



306 Journal of Plant Protection Research 61 (3), 2021
Mancozeb treated cassava. On cassava cv. CMR-89,
severity indices of brown leaf spot with the elicitor
treatments including Zacha 11 (14.67%), commercial
SA (15.33%) and JN2-007 elicitors (17.33%), were in
the middle, but there was no statistical difference be-
tween the negative control (25.33%) and the Mancozeb
treated plants (7.33%). No differences were observed
for anthracnose disease severity on cassava of all treat-
ments. Similar to what was observed on Rayong 72,
bacterial blight and root rot diseases were not found on
the elicitor-treated CMR-89, while plants in the nega-
tive control treatment showed 7.33 and 24.67% disease
severity, respectively (Table 2). In location 2, severity
indices of brown leaf spot on Rayong 72 did not dif-
fer between all treatments. However, for anthracnose,
plants treated with Zacha 11 had the lowest severity
index (50.00%), which was significantly different than
the negative control (72.67%) (Table 3). For bacterial
blight and root rot, the results were similar to those
from location 1. No diseases were found with the treat-
ments of elicitors and Mancozeb, but severity indices
of 7.33 and 23.33% were recorded on plants in the
negative control treatment, respectively. The reactions
of treated cassava cv. CMR-89 to brown leaf spot and
anthracnose disease severities of all elicitor treatments
were not significant or significantly different from that
of the negative control treatment. However, indices of
elicitor treatments of bacterial blight and root rot were
0%, which was statistically lower than those of the
negative control (Table 3).

For growth and yield parameters in location 1, in
Rayong 72, Laminar and Sarcon gave the tallest plants
(165.93 and 165.47 cm) but there was no statistical dif-
ference to other treated ones, except that of the nega-
tive control treatment which gave the lowest height

(150.27 cm). In terms of tuber quantity in Rayong 72,
JN2-007 gave the highest number of tubers per plant
(8.80), seconded by Zacha 11 (8.60) and commercial
SA (8.53), followed by Mancozeb (6.80), which were
significantly higher than that of the negative control
(2.33). There were no differences between tuber weights
(5.11-7.84 kg - plant™') and yields (51.07-78.40 t - ha™')
of plants treated with elicitors and Mancozeb, but they
were all significantly higher than that of the negative
control (2.11 kg - plant™ and 21.07 t - ha™, respectively).
For the starch content, Zacha 11 treated plants gave the
highest starch percentage (25.20%), which was signifi-
cantly different from the negative control treatment by
14.17%. CMR-89, Zacha 11, JN2-007, Laminar, Sarcon
and Mancozeb treatments did not significantly affect
the plant height of CMR-89 (131.53, 124.00, 129.80,
124.50 and 125.00 cm, respectively) but the treated
plants were all significantly taller than those in the
negative control treatment. There were no differences
of tuber weight per plant and tuber yield in plants of
all treatments including those of the negative control.
Zacha 11 treated plants also gave the highest starch
content compared to those of the other treatments (Ta-
ble 4). Similar results were also found in location 2, in
which elicitor treatment seemed to have less effect on
CMR-89’s height, but commercial SA appeared to give
the highest Rayong 72 plants (147.13 cm) compared
to that of the negative control (122.60 cm) (Table 5).
In terms of yields, Rayong 72 plants in all treatments
gave significantly higher tuber numbers per plant than
the negative control treatment but no differences were
found in CMR-89 in all treatments including that of
the negative control. Likewise, there were no differ-
ences in all other yield parameters of CMR-89 treated
plants compared to that of the negative control; but

Table 3. Efficacy of elicitor treatments on severity of naturally occurring diseases on two cassava cultivars under field conditions of

location 2 in Nakhon Ratchasima

Disease severity index?

[%]

Treatment’ Cassava cv. Rayong 72 Cassava accession number CMR-89
brown leaf bacterial brown leaf bacterial

spot anthracnose blight root rot spot anthracnose blight root rot
Zachal1l 34.00 50.00 ab 0.00 a 0.00a 32.00 68.67 ab 0.00 a 0.00a
JN2-007 34.00 72.67 ¢ 0.00 a 0.00a 36.67 67.33 ab 0.00 a 0.00a
Laminar 31.33 60.67 bc 0.00 a 0.00a 37.33 75.33b 0.00 a 0.00a
Sarcon 32.67 61.33 bc 0.00 a 0.00a 29.33 67.07 ab 0.00 a 0.00a
Mancozeb 26.67 36.00 a 0.00 a 0.00a 26.67 62.00 a 8.00 ab 0.00 a
Water control 45.33 72.67 c 733b 23.33b 41.33 79.33b 8.67b 23.33b

'cassava plants were treated with Zacha 11, JN2-007, Laminar (commercial Bacillus 1 x 10°cfu - mg™), Sarcon (commercial salicylic acid 1,000 mg - I"),
Mancozeb (80% WP) and water used as a negative control, under field conditions at the Suranaree University of Technology, Nakhon Ratchasima,

Thailand; DMS: 14°51°43.2"N 102°01'57.5"E.

2means in the column followed by the same letter are not significantly different according to Duncan’s multiple range test at p = 0.05. Each value

represents a mean of four replicates
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for Rayong 72, plants treated with Zacha 11 gave the
highest tuber weight per plant (4.95 kg), tuber yield
(49.47 kg - ha™'), and starch content (20.23%) com-
pared to those treated with other elicitors and that
of the negative control (1.73 kg, 17.33 kg - ha™!, and
14.80%, respectively) (Table 5).

Discussion

From the greenhouse experiment, the results clearly
show that cassava stalk soaking and foliage spraying
with 500 mg - I"' of SA in Zacha 11 formulation or
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a bioproduct of JN2-007 B. subtilis could increase cas-
sava plant growth at 60 DAP. Zacha 11 and JN2-007
treated cassava plants cv. CMR-89 gave significantly
higher growth parameters than those treated with
commercial products and Mancozeb. Such effects were
also observed under field conditions but were more
pronounced in Rayong 72 than in CMR-89. Under the
field conditions of location 2, Rayong 72 treated with
Zacha 11 gave the highest values of all yield param-
eters assessed except that of stem height. Such findings
indicate differential responses of cultivars to the elici-
tor treatment both in terms of types, formulation, and
concentration of the active ingredients. It was clearly
seen in stem height in that commercial SA, which

Table 4. Effect of elicitors on plant height, number of tubers, tuber weight, fresh tuber yields and starch content on two cassava
cultivars under field conditions of location 1 in Nakhon Ratchasima

Cassava cv. Rayong 722 Cassava accession number CMR-892

number number

Treatment' pllant of tubers tuper yield starch pl.ant of tubers tu.ber yield starch

height [tubers - welght_ [t - ha-'] content height [tubers - welght_ [t-ha] content

[cm] plant] [kg - plant™] [%] [cm] plant '] [kg - plant™] [%]

Zacha 11 159.53 ab 8.60 bc 6.57b 6573b 2520c 131.53b 9.87 b 4.76 47.60 2040 ¢
JN2-007 157.67 ab 8.80 ¢ 7.84b 7840b 17.47ab 124.00b 873b 433 4333 13.97 ab
Laminar 165.93 b 8.53 bc 595b 59.53b 18.10ab 129.80b 9.93 b 3.72 37.20 15.80 b
Sarcon 165.47 b 8.55 bc 5.84b 5836b 17.39ab 12450b 8.87b 332 33.24 15.63b
Mancozeb 160.87 ab 6.80 b 511b 51.07b 1943b 125.00b 947 b 2.92 29.20 14.47 ab
Water control 150.27 a 233a 211a 21.07a 1417a 109.87a 4.60 a 2.36 23.60 1230 a

'cassava plants were treated with Zacha 11, JN2-007, Laminar (commercial Bacillus 1 x 10°cfu - mg™), Sarcon (commercial salicylic acid 1,000 mg - I'),
Mancozeb (80% WP) and water used as a negative control, under field conditions at the Suranaree University of Technology, Nakhon Ratchasima,
Thailand; DMS: 14°52'44.7"N 102°00'14.6"E.

2means in the column followed by the same letter are not significantly different according to Duncan’s multiple range test at p = 0.05. Each value
represents a mean of four replicates

Table 5. Effect of elicitors on plant height, number of tubers, tuber weight, fresh tuber yields and starch content on two cassava
cultivars under field conditions of location 2 in Nakhon Ratchasima

Cassava cv. Rayong 722 Cassava accession number CMR-892

number number

Treatment’ pI.am of tubers tuper yield starch plf'int of tubers tu!oer yield starch
height [tubers welghti [t-ha] content height [tubers - welghti [t-ha ] content
[em] plant ] [kg - plant™] [%] [cm] plant ' [kg - plant™] [%]
Zacha 11 13240 ab 840b 495c  4947c 20.23b 134.27 ab 9.40 293 29.33 17.80
JN2-007 129.80 ab 8.20b 3.88bc 38.80bc 15.73a 14047b 9.27 2.92 29.20 15.03
Laminar 147.13 ¢ 7.20b 3.00ab 30.00ab 15.00a 128.53a 8.73 2.85 28.53 17.20
Sarcon 132.00 ab 7.09b 3.15ab 3149ab 15.05a 12843a 7.57 247 24.36 15.48
Mancozeb 138.27 bc 6.67 b 260ab 26.00ab 14.87a 130.13a 7.67 2.59 25.87 15.80
Water control  122.60 a 349a 1.73a 17.33a 1480a 125.00a 747 235 23.47 13.77

'cassava plants were treated with Zacha 11, JN2-007, Laminar (commercial Bacillus 1 x 10°cfu - mg™), Sarcon (commercial salicylic acid 1,000 mg - I'),
Mancozeb (80% WP) and water used as a negative control, under field conditions at the Suranaree University of Technology, Nakhon Ratchasima,
Thailand; DMS: 14°51'43.2"N 102°01'57.5"E.

2means in the column followed by the same letter are not significantly different according to Duncan’s multiple range test at p = 0.05. Each value
represents a mean of four replicates
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has twice as much SA (1000 mg - ml™) as Zacha 11
(500 mg- ml™), gave the tallest stem height to Rayong 72
but not to CMR-89. The higher concentration of SA rec-
ommended in the commercial SA formulation seemed
to have no additive effect on tuber yield and starch con-
tent of Rayong 72 because the 500 mg - ml™' SA rate in
our formulation performed better in terms of increas-
ing the yield. A lower concentration of SA not only
saved the cost of treatment but also lowered the risk of
SA phytotoxicity. Salicylic acid has been known to be
phytotoxic to many crops when used at high concentra-
tions. Enhancing effects of exogenous SA application
on plant growth have been reported in several crops
(Gharib 2006; Gawade and Sirohi 2011; Khandaker et al.
2011). Therefore, our findings can add cassava to the
list of such crops. Also, salicylic acid is a plant hor-
mone which plays an important role in plant defense
and has a key role in the signal transduction pathways.
SA increases in the area around wound lesions and re-
mains high in plants having acquired resistance which
are common plant biochemical responses associated
with systemic acquired resistance (SAR) activation.
Moreover, these defense genes associated with defense
enzymes in plant cells were activated by early and
secondary signaling transduction molecules and then
triggered resistance in the plant against pathogen in-
fection (Vallad and Goodman 2004; Buensanteai et al.
2009; Hinarejos et al. 2016).

From our greenhouse experiment, all the tested
elicitors were equally effective in reducing Fusarium
root rot severity, but were slightly less effective than
that of Mancozeb. However, if we consider the benefit
of SA and Bacillus as growth or yield promoters, as
seen in our field experiment, as well as the drawback
of using chemical fungicides, such marginal effects of
fungicides can be ruled out. Under field conditions
because the Fusarium was not inoculated, the root rot
symptoms observed on plants in the negative control
treatment could have been from many other soil-borne
pathogens. The absence of root rot and bacterial blight
symptoms observed on the elicitor treated plants in-
dicated that the nature of SA and Bacillus in inducing
disease resistance is broad-spectrum to cassava diseas-
es. It has been shown that exogenous SA application
could decrease leaf symptoms caused by Glomerella
cingulata in apple plants (Zhang et al. 2016). Chéavez-
-Arias et al. (2020) also reported that the foliar appli-
cation of SA elicitor (100 mg - I'') in cape gooseberry
seedlings reduced disease severity and vascular wilt
caused by E oxysporumf. sp. physali. Exogenously ap-
plied salicylic acid (0.2 mM) reduced Rizoctonia solani
infection by 73% on potato tubers in the greenhouse
(Hadi and Balali 2010).

Similarly, Bacillus spp. are well documented for
their ability to enhance plant growth and induce
systemic resistance (Kloepper et al. 2004; Ryu et al.

2004). In addition to directly affecting plant growth
and development through plant growth regulators,
Bacillus spp. could colonize roots and trigger plant
biochemical and physiological systems to promote
growth (Prathuangwong and Kasem 2004; Prathuang-
wong and Buensanteai 2007). These results are similar
to those of Song et al. (2014) who suggested that the
Bacillus species had promising potential as a micro-
bial agent for the biocontrol of ginseng root rot caused
by Fusarium cf. incarnatum. Hinarejos et al. (2016)
showed that B. subtilis IAB/BS03 could reduce dis-
ease severity of two foliage diseases including Botry-
tis cinerea and Pseudomonas syringae on tomato. Root
dip treatment with B. subtilis formulations showed
a considerable increase in root length with B. subtilis
(33 cm) and chlorothalonil (28.5 cm) when compared
to untreated control (15 cm). Growth promotion was
better with root dip application while better disease
control was achieved with seed application. A 66 and
84% reduction in incitation of disease was noticed with
soil and seed application methods (Narasimhan and
Shivakumar 2016). Soaking and foliar spray application
of salicylic acid and beneficial bacteria increased yields
of many crops according to Hadi and Balali (2010) on
potato, Javaheri et al. (2012) on tomato, Jonathan et al.
(2015) on cassava and Yildirim et al. (2006) on cucum-
ber. These increases in yields may be closely linked to
the increase in plant growth characteristics, i.e., plant
height, number of roots, root weight and yields.

In general, the elicitor formulations of Zacha 11
and JN2-007 could increase cassava growth, tuber
weight, yield and starch contents, suppress root rot
disease as well as bacterial leaf blight.

Acknowledgements

The authors would like to express their thanks to the
Higher Education Research Promotion and National
Research University Project of Thailand, Office of the
Higher Education Commission. Partial funding was
given by the Research and Researcher for Industries
(RRi), the Thailand Research Funds for Ph.D. program
number PHD5810070 for Mr. Chanon Saengchan. We
also would like to sincerely thank the Plant Pathol-
ogy Laboratory, Suranaree University of Technology,
research assistants for technical assistance, and gradu-
ate students for their being very supportive in terms of
experimental materials.

References

Buensanteai N., Yuen G.Y. Prathuangwong S. 2009. Priming,
signaling, and protein production associated with induced
resistance by Bacillus amyloliguefaciens KPS46. World Jour-
nal of Microbiology & Biotechnology 25: 1275-1286.



Chanon Saengchan et al.: Efficacy of salicylic acid and a Bacillus bioproduct in enhancing growth of cassava ...

Camila S.H., Mariana PS., Luiz R.CJ, de Eder J.O., de
Saulo A.S.O. 2018. Modelling growth characteristics and
aggressiveness of Neoscytalidium hyalinum and Fusarium
solani associated with black and dry root rot diseases on
cassava. Tropical Plant Pathology 43: 422-432.

Chaisinboon O., Chontanawat J. 2011. Factors determining the
competing use of Thailand’s cassava for food and fuel. 9th
Eco-Energy and Materials Science and Engineering Sympo-
sium. Energy Procedia 9 (2): 216-229.

Charaensatapon R., Saelee T., Chulkod U., Cheadchoo S. 2014.
Phytophthora root and tuber of cassava in Thailand. Field
and renewable energy crops research institute. Department
of agriculture, Thailand. Proceedings of the 5th Asian Con-
ference on Plant Pathology. 3-6 November, Chiang Mai,
Thailand.

Chavez-Arias C.C., Gémez-Caro S., Restrepo-Diaz H. 2020.
Physiological responses to the foliar application of synthetic
resistance elicitors in cape gooseberry seedlings infected
with Fusarium oxysporum f.sp. physali. Plants 9 (2): 176.

Duchanee S. 2015. Identification of the causal fungi of stem and
root black rot disease in cassava. Master’s Thesis, School
of Crop Production Technology, Institute of Agricultural
Technology, Suranaree University of Technology, Thailand.

Gawade B., Sirohi A. 2011. Induction of resistance in eggplant
(Solanum melongena) by salicylic acid against root-knot
nematode, Meloidogyne incognita. Indian Journal of Nema-
tology 41 (2): 201-205.

Gharib EA. 2006. Effect of salicylic acid on the growth, meta-
bolic activities and oil content of basil and marjoram. Inter-
national Journal of Agriculture and Biology 4: 485-492.

Hadi M.R., Balali G.R. 2010. The effect of salicylic acid on the
reduction of Rizoctonia solani damage in the tubers of Mar-
fona potato cultivar. Journal of Agricultural and Environ-
mental Sciences 7 (4): 492-496.

Hayat S., Ahmad A. 2007. Salicylic Acid a Plant Hormone.
Springer Publishers Dordrecht, The Netherlands.

Hayat Q., Hayat S., Irfana M., Ahmad A. 2010. Effect of exo-
genous salicylic acid under changing environment: A re-
view. Environmental and Experimental Botany 68: 14-25.

Hinarejos E., Castellano M., Rodrigo I., Belles J.M., Conejero V.,
Lopez-Gresa M.P, Lison P. 2016. Bacillus subtilis IAB/BS03
as a potential biological control. European Journal of Plant
Pathology 146: 597-608.

Jakrawatana N., Pingmuangleka P, Gheewala S.H. 2015. Mate-
rial flow management and cleaner production of cassava
processing for future food, feed and fuel in Thailand. Jour-
nal of Cleaner Production 134: 633-641.

Javaheri M., Mashayekhi K., Dadkhah A., Tavallaee EZ. 2012.
Effects of salicylic acid on yield and quality characters of
tomato fruit (Lycopersicum esculentum Mill.). International
Journal of Agriculture and Crop Sciences 4 (16): 1184-1187.

Jonathan G.S., Diabaté S., Joseph K.K., Odette D.D., Yves-
-Alain B. 2015. Improvement of cassava resistance to Col-
letotrichum gloeosporioides by salicylic acid, phosphorous
acid and fungicide Sumi 8. International Journal of Current
Microbiology and Applied Sciences 4 (3): 854-865.

Khandaker L., Masum A.S.M.G., Shinya O.B.A. 2011. Foliar ap-
plication of salicylic acid improved the growth, yield and
leaf’s bioactive compounds in red amaranthus (Amaranthus
tricolor). Vegetable Crops Research Bulletin 74: 77-86.

Kloepper J.W., Ryu C.M., Zhang S. 2004. Induced systemic
resistance and promotion of plant growth by Bacillus spp.
Phytopathology 94: 1259-1266.

Le Thanh T., Thumanu K., Wongkaew S., Boonkerd N., Teaum-
roong N., Phansak P, Buensanteai N. 2017. Salicylic acid-
induced accumulation of biochemical components associ-
ated with resistance against Xanthomonas oryzae pv. Oryzae
in rice. Journal of Plant Interactions 12 (1): 108-120.

Malandrakis A., Daskalaki E.R., Skiada V., Papadopoulou K.X.,
Kavroulakis N. 2018. A Fusarium solani endophyte vs fun-
gicides: Compatibility in a Fusarium oxysporum f.sp. radi-

309

cis-lycopersici — tomato pathosystem. Fungal Biology 122:
1215-1221.

Narasimhan A., Shivakumar S. 2016. Biocontrol of Rhizocto-
nia solani root rot of chilli by Bacillus subtilis formulations
underpot conditions. Journal of Biological Control 30 (2):
109-118.

Nikaji J., Saengchan C., Wongkeaw S., Buensanteai S., Athinu-
wat D., Buensanteai N. 2015. Efficacy of bioformulation
against Erwinia carotovora pv. carotovora, causal agent of
soft rot disease in Chinese cabbage. p. 127-134. In: Proceed-
ings of the 2015 International Forum-Agriculture, Biology
and Life Science (IFABL). 23-25 June 2015, Sapporo, Japan.

Onyeka T.J., Ekpo E.J.A., Dixon A.G.O. 2005. Identification of
levels of resistance to cassava root rot disease (Botryodiplo-
dia theobromae) in African landraces and improved germ-
plasm using in vitro inoculation method. Euphytica 145:
281-288.

Panuweta P, Siriwongb W.,, Prapamontolc T., Ryana PB,
Fiedlerd N., Robsone M.G., Barr D.B. 2013. Agricultural
pesticide management in Thailand: Situation and popu-
lation health risk. Environmental Science and Policy 17:
72-81.

Patil S., Sriram S., Savitha M.J. 2011. Evaluation of non-patho-
genic Fusarium for antagonistic activity against Fusarium
wilt of tomato. Journal of Biological Control 25 (2): 118-123.

Piyachomkwan K., Tanticharoen M. 2011. Cassava industry in
Thailand prospects. The Journal of the Royal Institute of
Thailand 3: 160-170.

Polthanee A., Janthajam C., Promkhambut A. 2014. Growth,
yield and starch content of cassava following rainfed low-
land rice in northeast Thailand. International Journal of
Agricultural Research 9: 319-324.

Prakongkha L., Sompong M., Wongkaew S., Athinuwat D., Buen-
santeai N. 2013. Foliar application of systemic acquired re-
sistance (SAR) inducers for controlling grape anthracnose
caused by Sphaceloma ampelinum deBary in Thailand. Afri-
can Journal of Biotechnology 12 (33): 5140-5147.

Prathuangwong S., Buensanteai N. 2007. Bacillus amyloliquefa-
ciens induced systemic resistance against bacterial pustule
pathogen with increased phenols peroxides and 1, 3-B-glu-
canase in soybean plant. Acta Phytopathologica et Entomo-
logica Hungarica 42: 321-330.

Prathuangwong S., Kasem S. 2004. Screening and evaluation of
thermotolerant epiphytic bacteria from soybean leaves for
controlling bacterial pustule disease. Thai Journal of Agri-
cultural Science 37: 1-8.

Raskin I, Turner I, Melander W.R. 1989. Regulation of heat
production in the inflorescences of an Arum lily by endo-
genous salicylic acid. Proceedings of the National Academy
of Sciences 86: 2214-2218.

Romkhambut R. 2015. Effect of stake storage methods on ger-
mination, growth and yield of cassava (Manihot esculenta
Crantz.). International Journal of Environmental and Rural
Development 6 (2): 110-114.

Rozhon W, Petutschnig E., Wrzaczek M., Jonak C. 2005. Quan-
tification of free and total salicylic acid in plants by solid-
phase extraction and isocratic high-performance anion-
exchange chromatography. Analytical and Bioanalytical
Chemistry 382: 1620-1627.

Ryu C.M., Farag M.A., Hu C.H., Reddy M.S., Kloepper J.W,,
Parei PW. 2004. Bacterial volatiles induce systemic resist-
ance in Arabidopsis. Plant Physiology 134: 1017-1026.

Sangpueak R., Phansak P, Buensanteai N. 2018. Morphological
and molecular identification of Colletotrichum species as-
sociated with cassava anthracnose in Thailand. Journal of
Phytopathology 166: 129-142.

Sompong M., Wongkaew S., Tantasawat P., Buensanteai N. 2012.
Morphological pathogenicity and virulence characteriza-
tion of Sphaceloma ampelinum the causal agent of grape
anthracnose in Thailand. African Journal of Microbiology
Research 6 (10): 2313-2320.



310 Journal of Plant Protection Research 61 (3), 2021

Song M., Yun H.Y,, Kim Y.H. 2014. Antagonistic Bacillus species
as a biological control of ginseng root rot caused by Fusar-
ium cf. incarnatum. Journal of Ginseng Research 38 (2):
136-145.

Sriket S., Thanachit S., Anusontpornperm S. 2015. Effect of fer-
tilizer rates on cassava grown on Yasothon soil amended
with cassava stem base biochar and wastes from cassava
starch manufacturing plant. Khon Kaen Agriculture Jour-
nal 43 (4): 755-762.

Terry E.R., Hahn S.K. 2009. The effect of cassava mosaic disease
on growth and yield of a local and an improved variety of
cassava. Journal of Pest Management 26: 34-37.

Treesilvattanakul K. 2016. Deterministic factors of Thai cassava
prices: multi-uses of cassava from food feed and fuel affect-
ing on Thai cassava price volatility. p. 12-16. In: ICoA Con-
ference Proceedings. 7-9 November, Matsuyama, Japan.

Vallad G.E., Goodman R.M. 2004. Systemic acquired resistance
and induced systemic resistance in conventional agricul-
ture. Crop Science 44: 1920-1934.

Wokocha R.C., Nneke N.E., Umechurba C.I. 2010. Screening
Colletotrichum gloeospoeioides f.sp. manihotis isolates for
virulence on cassava in Akwa Ibom State of Nigeria. Journal
of Agriculture, Science and Technology 9: 56-63.

Yildirim E., Guvenc 1., Karatas A. 2006. Effect of different
number foliar salicylic acid applications on plant growth
and yield of cucumber. In: VI National Vegetable Growing
Symposium, 19-22 September 2006, Kahramanmaras, Tur-
key.

Zhang Y., Shi X,, Li B., Zhang Q., Liang W., Wang C. 2016. Sali-
cylic acid confers enhanced resistance to Glomerella leaf spot
in apple. Plant Physiology and Biochemistry 106: 64-72.



