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Abstract:

Background:

Fusarium oxysporum f. sp. radicis-lycopersici (FORL) caused Fusarium crown and
root rot of tomato (FCRR), it’s a serious constraint on tomato production and
contributing to yield losses.

Aims/Method:

Using a rapid bioassay, hypovirulent binucleate Rhizoctonia (HBNR) were tested for
their ability to reduce fusarium crown and root rot (FCRR) of tomato, caused by
Fusarium oxysporum f.sp. radicis lycopersici (FORL). Roots of tomato seedlings
growing on 2 % water agar in plastic boxes were inoculated with living or dead
mycelial disks of HBNR. After 24 h, the pathogen was applied at 0, 3, 6, and 9 cm
away from the position of the HBNR.

Result

When living HBNR was used, the treatments provided significant protection to
tomato seedlings from FCRR infection at all distances tested. Tomato plants pre-
inoculated with living HBNR at different times (12 h and 24 h before inoculation with
the pathogen) and challenged with FORL showed significant reduction of FCRR
lesion development. Significant reduction was still observed even when HBNR was
inoculated simultaneously with or 12 h after inoculation of pathogen. Seedlings
treated with dead HBNR and culture filtrates also showed significantly reduced FCRR
lesion development. When living HBNR were enveloped by polycarbonate membrane
filter, significant reduction of FCRR lesion development was still observed. In all
experiments, reduction of FCRR lesion development in seedlings treated with HBNR
tended to decrease with longer distance from the inoculation point of FORL and
HBNR. We developed a simple, rapid, and miniaturized bioassay for evaluating the
efficacy of HBNR against FORL. The bioassays require only 12 - 18 days, which is at
least 12 days less than the soil system employed by previous researchers.

Keywords: Hypovirulent Binucleate Rhizoctonia, Fusarium oxysporum f.sp.

radicis-lycopersici, Tomato, Rapid Bioassay\ Commented [E1]: Preferably, the keywords must
be different from the words included in the title.
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1. INTRODUCTION

Fusarium crown and root rot of tomato (FCRR), caused by Fusarium
oxysporum f. sp. radicis-lycopersici (FORL), is a serious constraint on tomato
production that limits the yield of [glasshouse} and field-grown tomato crops [1]. The
disease was first detected in Japan in 1974 [2]. Yield losses caused by FCRR were 33
% and 44 % in Hokkaido and Kochi Prefectures, respectively [3]; [4].

Recent research on the management of Fusarium wilt and FCRR has focused
on diverse strategies, either individually or in combination. These strategies include
host resistance and chemical, biological, and physical control [5]. [6] demontrated that
grafting tomato hybrid plants onto “Natalia” rootstock significantly enhanced the
tolerance of plants to FORL, even though proteomic analysis showed a higher
representation of proteins associated with pathogen infection. A combination of a
plant-growth-promoting strain of Fusarium equiseti with biodegradable pots was also
an effective control of FCRR [7].

Several studies have demonstrated that Pseudomonas sp. strain FC-24B, P.
putida FC-8B [8] and P. chlororaphis [9] effectively reduced Fusarium oxysporum f.
sp. radicis-lycopersici. In a study using four rhizospheric bacteria (Bacillus,
Lysinibacillus, Enterobacter, and Serratia) and one root-associated endophytic (RAE)
associated with Alcaligenes faecalis subsp. caused a statistically significant decrease
in plant infection by FORL through antibiosis mechanisms [10]. [11] reported that
Pseudomonas fluorescens WCS365 and P. chlororaphis PCL1391 effectively
controlled FCRR through induced systemic resistance. \

Hypovirulent binucleate Rhizoctonia (HBNR) were investigated as effective
biocontrol agents for a number of important diseases caused by Rhizoctonia solani
[12] and Phytium [13]. Our previus research showed that HBNR effectively controls
Fusarium wilt of tomato [14], Fusarium wilt of spinach [15], and Fusarium crown and
root rot of tomato [16]. These studies indicated that one of the mechanisms of
biocontrol of fusarium diseases with HBNR isolates might be induced resistance.
Investigations of HBNR as an agent of induced systemic resistance (ISR) in beans,
against the root rot pathogen Rhizoctonia solani or the anthracnose pathogen C.
lindermuthianum, have also been reported [17]. HBNR also effectively protected
cotton seedlings against rhizoctonia damping-off and alternaria leaf spot with
mechanism of induced systemic resistance (ISR) [18].

A major limiting factor in the development of biological control strategies for
different plant diseases is the formulation of efficient procedures for rapidly screening
large numbers of organisms for biological control activity. While field screening
should theoretically provide the best detection of efficient biocontrol strains,
limitations of space, labor, cost, and optimal environmental conditions preclude the
use of this type of screening strategy. Laboratory assays based on the in vitro
inhibition of pathogens or production of particular metabolites by biological control
agents offer a rapid and relatively inexpensive means of screening organisms but may
not be good indicators of biocontrol potential. Unsurprisingly, biocontrol strains
selected in vitro on the basis of phenotypes with unknown links to biological control
activity in plant systems do not always perform as expected under greenhouse or field
conditions [19];[20]. The present study was undertaken to: (1) develop a rapid and
miniaturized laboratory bioassay for screening the efficacy of HBNR in reducing
FCRR in the tomato; (2) investigate the efficacy of various inoculum forms of HBNR

in controlling FCRR using a water agar system.
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2. MATERIALS AND METHODS

Organisms: [Four isolates of HBNR were used as biocontrol agents: L1 (AG-Ba), W1,
W7 (AG-A), and HBNR Rhv7 (unknown anastomosis group).\ Fusarium oxysporum
f.sp. radicis-lycopersici (FORL) isolate RINI, obtained from a tomato infested with
fusarium crown and root rot (FCRR), was used as the inoculum of the pathogen.
Plant: Tomato cv. “House Momotaro”, a popular cultivar that is susceptible to FCRR,
was used throughout the experiments.

Inoculum preparation: (1) The pathogen, FORL, was grown on potato dextrose agar
(PDA) for 7 days in the dark at 25 °C. Spores were scraped from the cultures with a
sterile glass bar, and a spore suspension was prepared in sterile water and filtered
through eight layers of sterile gauze. (2) HBNR isolates were prepared as inoculum
forms in potato dextrose agar (PDA) plugs (living and dead mycelial disks). The
isolates were grown on PDA for 3-7 days in the dark at 25 °C. The dead mycelial disk
was prepared by killing the 7-day-old culture with chloroform and then drying it for
60 min on a clean bench. To make culture filtrate (CF), two mycelial disks of each
HBNR isolate, obtained from the growing margin of a colony on PDA, were
transferred to a 200-ml flask containing 50 ml of potato dextrose broth (pH 6.5). The
isolates were cultured without shaking for 10 days in dark. The crude culture filtrate
was separated from mycelia and filtered three times through three layers (each time)
of Whatman no. 2 filter paper. The CF was then filter sterilized (0.45-um Millipore
filters, Millipore Products Division, Bedford, USA).

2.1. Laboratory assay of biological control of Fusarium crown and root rot of
tomato

The efficacy of HBNR in suppressing the development of FCRR in the tomato
was tested in laboratory experiments using a water agar (WA) system method (Fig. 1).
Tomato seeds were surface-sterilized in 70 % ethyl alcohol for 1 min followed by
soaking in 1 % sodium hypochlorite with 3 drops of Tween 20 (polyoxyethylene
sorbitan monolaureate; Nacalai Tesque, Inc., Kyoto, Japan) for 20 min. The seeds
were then rinsed three times with sterilized distilled water (SDW). The seeds were
pre-germinated on 2 layers of Whatman No. 1 filter paper for 3 days in the dark at 25
°C. Five seedlings were transferred to a sterilized plastic box (196 x 104.5 x 28 mm)
containing water agar (WA) and allowed to grow for 6 days at about 20 in a
cleanroom. A living HBNR myecelial disk (3-mm diameter, taken from the advancing
margin of a three-day-old culture), a dead mycelial bisk (7-mm diameter), and CF (70
ul) were used to inoculate the basal hypocotyls of the seedlings, which were again
incubated for 24 h. To prevent spread and maintain a uniform distribution of CF on
basal hypocotyls or roots, drops of CF were placed on an 8-mm diameter paper disc
with 1.5-mm thickness (Advantec, Toyo Roshi Kaisha, Ltd. Japan). To avoid direct
contact between HBNR and FORL, the mycelial disk of HBNR was enveloped by a
polycarbonate membrane filter (0.2-um mesh). An additional experiment using a
living mycelial disk (3-mm diameter) without an enveloping membrane was also done.
In this experiment, the inoculation period of the HBNR varied from 0 h to 12 h after
inoculation with the pathogen and 0 h to 24 h prior to inoculation with the pathogen.
As a control, seedlings were inoculated with HBNR-free PDA or SDW. Then, 5 pl of
pathogen suspension (5 x 10° spores/ml) were inoculated at positions 0, 3, 6, and 9
cm away from the position of the HBNR inoculum. A 5-mm diameter disk of lens
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paper was placed on each drop to prevent runoff and to maintain a uniform
distribution of spores on the root surface. The treatments were prepared in four
replicates. Treated and control seedlings were maintained at about 20 °C for another
2-10 days. Disease severity was determined by measuring lesion development at the
pathogen inoculation point. Percent reduction of lesion development was used to
measure the efficacy of HBNR against the pathogen, by employing the formula [(A-
B)/A] x 100, in which A represents the lesion length observed on the root due to
inoculation of pathogen alone and B is the lesion length observed on the root due to
co-inoculation of HBNR and the [pathogen.

2.2 Data analysis

The experiments were carried out in completely randomized design. Treatment means
obtained for lesion development of FCRR were compared using Fisher’s least
significant difference (LSD) test with critical values of P = 0.05 and P = 0.01.

3. RESULTS
3.1 Biological control of FCRR of tomato with HBNR

In a WA system, tomato seedlings treated with living mycelia, dead mycelia,
and CF of HBNR isolates significantly reduced lesion development of FCRR (P =
0.05).

When living mycelia were used as treatment, seedlings treated with HBNR
isolates had significantly less FCRR lesion development after 4 - 10 days of pathogen
inoculation (P = 0.01; Fig. 2). The percentage of reduction tend to decrease with the
longer distance between HBNR and FORL. At a distance of 0 cm between HBNR and
FORL, the reduction of lesion development by HBNR L2, W1, W7, and Rhv7 was
almost completely ranged from 81 — 96 %. At a distance of 3 cm, application of all
HBNR still higly reduced lesion development by 72 — 91 %. At a distance of 6 cm
and 9 cm, the reduction of lesion development by all HBNR isolates slightly
decreased by 25 — 84 % and 35 — 75 %, respectively (Fig. 2).

Tomato seedlings treated with dead mycelia of all HBNR isolates except L2
also showed significant reduction of FCRR lesion development 5 days after
inoculation with the pathogen (P = 0.05; Fig. 3). At a distance of 0 cm, lesion
development reduction was 19 %, 62 %, 41 %, and 30 % for HBNR L2, W1, W7, and
Rhv7, respectively (Fig. 3A). At a distance of 3 cm, the reduction of lesion
development by HBNR L2, W1, W7, and Rhv7 was 18 %, 52 %, 32 %, and 34 %,
respectively (Fig. 3B). At a distance of 6 cm, lesion development reduction was 21 %,
38 %, 42 %, and 32 % for HBNR L2, W1, W7, and Rhv7, respectively (Fig. 3C).

The application of CF of HBNR isolates also resulted in significant reduction
in FCRR lesion development 2-8 days after pathogen inoculation (P = 0.05; Fig. 4).
At a distance of 0 cm, the reduction of lesion development by HBNR L2, W1, W7,
and Rhv7 was \35 — 100 %, 36 — 100 %, 37 - 100%, and 36 - 100%, \respectively (Fig.
4A). At a distance of 3 cm, treatment with HBNR L2, W1, W7, and Rhv7 reduced
lesion development by ]30 — 87 %, 31 — 100 %, 22 — 100 %, and 27 - 100%,
respectively (Fig. 4B). At a distance of 6 cm, the reduction of lesion development by
HBNR L2, W1, W7, and Rhv7 was |20 — 70 %, 33 — 100 %, 26 — 100 %, and 27 —
100 %, respectively (Fig. 4C).

We attempted to prevent direct contact between HBNR and FORL by
enveloping the living mycelia in a polycarbonate membrane filter (0.2-um mesh), but
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the mycelia still penetrated the membrane, so that direct contact between HBNR and
FORL was observed. In this experiment, significant reduction in FCRR lesion
development was still observed 4 - 6 days after pathogen inoculation at a distance of 0
-3 cm (P =0.05; Fig. 5A, 5B). However, at a distance of 6 cm, significant reduction
was only observed at 4 days after pathogen inoculation (Fig. 5C). The reduction of
lesion development by HBNR W1 was 34 — 61 %, 45 — 57 %, and 2 — 36 % at
distances of 0, 3, and 6 cm, respectively.

In another experiment, pre-inoculation at 12 h and 24 h with living mycelia of
HBNR W1 or Rhv7 on the seedlings, and challenge-inoculation with FORL at 3 cm
and 6 cm away from HBNR, also resulted in significant reduction in lesion
development compared to the control, after 8 days of pathogen inoculation (Table 1).]
At 12 h pre-inoculation of HBNR, at a distance of 3 cm, treatment with HBNR W1
and Rhv7 reduced FCRR lesion development by 90 % and 91 %, respectively. At a
distance of 6 cm, the reduction by HBNR W1 and Rhv7 was 71 % [and 71 %,
respectively. The reduction slightly increased with the longer pre-inoculation period
of 24 h. At a distance of 3 cm, the reduction by HBNR W1 and Rhv7 was 93 % and
90 %, respectively. At a distance of 6 cm, the reduction by HBNR W1 and Rhv7 was
82 % and 74 %, respectively. HBNR isolates also significantly reduced lesion
development of FCRR (P = 0.01) when both isolates were applied simultaneously (0
h) and even when HBNR was applied 12 h after pathogen inoculation. At 0 h, or
simultaneous inoculation, at a distance of 3 cm, the reduction of lesion development
by HBNR W1 and Rhv7 was 89 % and 90 %, respectively. At a distance of 6 cm, the
reduction was 71 % and 64 % for HBNR W1 and Rhv7, respectively. At 12 h after
pathogen inoculation, at a distance of 3 cm, the reduction was 89 % and 81 % for
HBNR W1 and Rhv7, respectively. At a distance of 6 cm, the reduction by HBNR
W1 and Rhv7 was 66 % and 59 %, respectively.

4. DISCUSSION

In the experiment using the WA system method, inoculation of the living
HBNR mycelia on the base hypocotyls, and the pathogen on a different site 0, 3, 6,
and 9 cm away from HBNR, showed that all HBNR isolates tested significantly
reduced FCRR lesion development. Maximum protection occurred when the pathogen
was inoculated at the position of 0 and 3 cm away. However, protection decreased a
little bit at a distance of 6 and 9 cm. In this system, although the pathogen was
directly introduced to the root surface, high lesion reduction was still provided by
HBNR. Pre-inoculation of living mycelia of HBNR at a different time, and challenged
with FORL, resulted in significant reduction in FCRR lesion development, even when
HBNR was inoculated simultaneously (0 h) or 12 h after inoculation of pathogen.\
These results support those obtained by [21]: Rhizoctonia damping-off in bedding
plants was still reduced when binucleate Rhizoctonia was applied together with R.
solani AG-4 and AG-8. [22] also reported that application of Trichoderma harzianum
Th-3013 was still able to control purple blotch disease even when performed 48 h
after pathogen inoculation. However, a contrary result was reported by [23] tomato
seedlings treated with non-pathogenic Fusarium 7 or 14 days before inoculation of the
pathogen showed the greatest effect. However, the protective effect almost
disappeared when both were applied simultaneously. The different results achieved by
different researchers might be caused by a difference in the mechanisms of disease
suppression involved in the varying system.

Tomato seedlings treated with CF and dead mycelia of HBNR effectively
reduced FCRR lesion development. The in vitro interaction experiments using living
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or dead mycelia and CF reveal that they did not produce any zone of inhibition,
suggesting that they were not antagonistic and ruling out the possible involvement of
toxins or antifungal compounds in disease suppression. Since CF and dead mycelia of
HBNR application sites and pathogen application sites were spatially separated by a
distance of 3-6 cm, and there was no contact between HBNR isolates and the
pathogen until day 5 at 3 cm and day 8 at 6 cm, we observed that average mycelial
growth of the pathogen was 0.54 cm/day. Induced resistance in tomato plants by
HBNR may be one of the mechanisms of biological control against FCRR in this

study. These results confirm those of [[24] and [25], who reported that HBNR did not
inhibit or parasitize R. solani. Many reports demonstrated that mycelia or CF of fungi
were effective in inducing resistance against various diseases [26];[27];[28]. [29]
demonstrated that tomato plants treated with Oligandrin, the elicitin-like protein
produced by the mycoparasite Pythium oligandrum, showed significant induction of
systemic resistance against FORL. The most striking features of the resistance
mechanism involved restriction of fungal growth to the outer root tissues, decrease in
pathogen viability, and formation of aggregated deposits, which often accumulated at
the surface of invading hyphae. In addition, [30] reported that cucumber seedlings
treated with pectinases extracted from fermentation products of Penicillium oxalicum
BZH-2002 induced resistance against scab caused by Cladosporium cucumerinum.

Various bioassays for screening biocontrol agents use soil systems
[14];[16];[31], and other bioassays for induced resistance in tomato plants have been
reported, such as split root, benomyl, cutting, and layering [32]. However, these
systems, like most other bioassays used for screening of biocontrol agents, often
require more than one month to complete. Such long-term bioassays are difficult to
use in large screening trials. In contrast, the bioassay used in this study offers the
advantage of a short assay period (12 - 18 days) and requires only a small amount of
space in cleanroom to test many different strains or isolates. Another advantage of this
assay was its simplicity and the need for only small amounts of biocontrol agent and
pathogen inoculum. By screening strains initially on plants, as opposed to pathogen-
inhibition assays in Petri dishes, we hope to minimize the erroneous selection of
strains on the basis of biological control traits that would not be expressed in more
complex ecosystems.

The results presented in this study establish that this rapid bioassay can be
might also effectively to screen large numbers of microorganisms as biocontrol agents
and for linduce resistance activity]. We expect that the bioassay used in this study could
be also useful as a rapid assay in pathogenicity testing of FCRR.

CONCLUSIONS

In this experiment using the Water Agar system method, tomato seedlings
treated with living mycelia, dead mycelia, and CF of HBNR isolates and Fusarium
oxysporum f.sp. radicis-lycopersici (FORL) were inoculated at positions 0, 3, 6, and 9
cm away from the position of the HBNR resulted in significantly reduced lesion
development of FCRR. The reduction of lesion development of FCRR decreased with
the longer distance between HBNR and FORL. Pre-inoculation of living mycelia of
HBNR at a different time, and challenged with FORL, resulted in significant
reduction in FCRR lesion development, even when HBNR was inoculated
simultaneously (0 h) or 12 h after inoculation of pathogen.] Laboratory assay
developed in this study markedly shortened the time needed for evaluating the ability
of HBNR to control FCRR. This assay requre only 12 - 18 days from seedling
appearance to rating for disease severity, which is at least 12 days less than the soil
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system employed by previous researchers. This method was also simple and least
demanding of space and growth facilities.

ACKNOWLEDGMENTS

We thank the Ministry of Education, Science, Sports, and Culture (Monbukagakusho)
Japan, for financial assistance.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

Szczechura, W., M.Staniaszek and H. Habdas. Fusarium oxysporum f. sp.
radicis-lycopersici - the cause of fusarium crown and root rot in tomato
cultivation. J Plant Protect  Res 2013; 53 2): 172-
175.http://doi.org/10.2478/jppr-2013-0026]

Yamamoto, |., H.Komada, K.Kuniyasu, M.Saito and A.Ezuka. A new race of
Fusarium oxysporum f. sp. lycopersici inducing root rot of tomato.
Proc. Kansai Pl. Protect. Soc 1974; 16: 17-29.

Ogura, H. and M Ban. Fusarium oxysporum caused tomato wilt disease. II.
Existence of F. oxysporum causes tomato wilt disease attended with root rot.
Res Rep of Kochi University, Agric Sci 1971; 20: 71-77.

Sato, R. and T.Araki. On the tomato root-rot disease occurred under vinyl-house
conditions in southern Hokkaido. Ann Rep Soc Plant Protect N Jpn 1974; 25:
5-13

McGovern, RJ. Management of tomato diseases caused by Fusarium
oxysporum. Crop Prot 2015; 73: 78-92. [http://doi.org/: 10.14601
/Phytopathol_Mediterr-3095]

Vitale, A., M.Rocco, S.Arena, F.Giuffrida, C.Cassaniti, A.Scaloni, T.Lomaglio,
V.Guarnaccia, G.Polizzi, M.Marra, C.Leonardi. Tomato susceptibility to
Fusarium crown and root rot: Effect of grafting combination and proteomic
analysis of tolerance expression in the rootstock. Plant Physiol Biochem 2014;
83: 207-216. [http://doi.org/: 10.1016/j.plaphy.2014.08.006]

Horinouchi, H., N.Katsuyama, Y.Taguchi and M.Hyakumachi. Control of
Fusarium crown and root rot of tomato in a soil system by combination of a
plant growth-promoting fungus, Fusarium equiseti, and biodegradable pots.
Crop Prot 2008; 27 (3-5): 859-864. [http://doi.org/:
10.1016/j.cropro.2007.08.009]

Liu, J., G.Gilardi, M.Sanna, ML.Gullino and A.Garibaldi. Biocontrol of
Fusarium crown and root rot of tomato and growth-promoting effect of bacteria
isolated from recycled substrates of soilless crops. Phytopathol Mediterr 2010; 49:
163-171.

Puopolo, G., A.Raio, LS.Pierson and A.Zoina. Selection of a new Pseudomonas
chlororaphis strain for the biological control of Fusarium oxysporum f. sp.
radicis-lycopersici. Phytopathol Mediterr 2011; 50: 228-235. [http://doi.org/:
10.14601/Phytopathol_Mediterr-9407].

Kavroulakis, N., S.Ntougias, Ml.Besi, P.Katsou, A.Damaskinou, C.Ehaliotis,
Gl.Zervakis and KK.Papadopoulou. Antagonistic bacteria of composted agro-
industrial residues exhibit antibiosis against soil-borne fungal plant pathogens
and protection of tomato plants from Fusarium oxysporum f.sp. radicis-
lycopersici. Plant Soil 2010; 333 (1-2): 233-247. [http://doi.org/:
10.1007/s11104-010-0338-x].

Commented [E25]: It is not concluded about the
objective (2): L1 (AG-Ba), W1, W7 (AG-A), and
HBNR Rhv7



http://doi.org/10.2478/jppr-2013-0026
http://www.sciencedirect.com/science/article/pii/S026121941500071X
http://www.sciencedirect.com/science/article/pii/S026121941500071X

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Bolwerk, A., AL.Lagopodi, AHM.Wijfjes, GEM.Lamers, TFC.Chin-A-Woeng,
BJJ.Lugtenberg and GV.Bloemberg. Interactions in the tomato rhizosphere of
two Pseudomonas biocontrol strains with the phytopathogenic fungus Fusarium
oxysporum f. sp. radicis-lycopersici. Mol. Plant-Microbe Interact 2003; 16 (11): 983-
993. [ http://doi.org/: / 10.1094/MPMI.2003.16.11.983].

Khan, FU., BD.Nelson and TC.Helms. Greenhouse evaluation of binucleate
Rhizoctonia for control of R. solani in soybean. Plant Dis 2005; 89 (4): 373-379.
[http://doi.org/: 10.1094/PD-89-0373].

Burns, JL. and DM.Benson. Biocontrol of damping-off of Catharanthus roseus
caused by Pythium ultimum with Trichoderma virens and binucleate
Rhizoctonia fungi. Plant Dis, 2000; 84 (6): 644-648. [http://doi.org/:
/10.1094/PDIS.2000.84.6.644].

Muslim, A., H.Horinouchi and M.Hyakumachi. Biological control of Fusarium
wilt of tomato with hypovirulent binucleate Rhizoctonia in greenhouse
conditions. Mycoscience 2003a; 44 (2): 77-84.[DOI http://doi.org/:
10.1007/510267-002-0084-X].

Muslim, A., H.Horinouchi and M.Hyakumachi. Suppression of Fusarium wilt of
spinach with hypovirulent binucleate Rhizoctonia. J Gen Plant Pathol 2003b; 69
(2): 143-150. [http://doi.org/: 10.1007/s10327-002-0024-9].

Muslim, A., H.Horinouchi and M.Hyakumachi. Control of Fusarium crown and
root rot of tomato with hypovirulent binucleate Rhizioctonia in soil and rock
wool systems. Plant Dis 2003c; 87 (6): 739-747. [http://doi.org/:
10.1094/PDIS.2003.87.6.739]

Xue, L., PM.Charest, SH.Jabaji-Hare. Systemic induction of peroxidases, 1,3-p-
glucanases, chitinases, and resistance in bean plants by binucleate Rhizoctonia
species.  Phytopathol ~ 1998; 88 (4): 359-365. [http://doi.org/:
10.1094/PHYTO.1998.88.4.359].

Jabaji-Hare, S. and SM Neate. Nonpathogenic binucleate Rhizoctonia spp. and
benzothiadiazole protect cotton seedlings against Rhizoctonia damping-off and
Alternaria leaf spot in cotton. Phytopathol 2005; 95 (9): 1030-1036.
[ http://doi.org/: 10.1094/PHYTO0-95-1030].

C Pliego, C Ramos, A de Vicente and FM Cazorla. Screening for candidate
bacterial biocontrol agents against soilborne fungal plant pathogens. Plant Soil
2011; 340 (1-2): 505-520. [http://doi.org/:10.1007/s11104-010-0615-8].

Karimi, K., JJAmini, B.Harighi and B.Bahramnejad. Evaluation of biocontrol
potential of Pseudomonas and Bacillus spp. against Fusarium wilt of chickpea.
Aust. J. Crop Sci 2012; 6 (4): 695-703.

Harris, AR., DA.Schisler, SM.Neate and MH.Ryder. Suppression of damping-
off caused by Rhizoctonia solani, and growth promotion, in bedding plants by
binucleate Rhizoctonia spp. Soil Biol Biochem 1994; 26 (2): 263-268.
[http://doi.org/: 10.1016/0038-0717(94)90166-X]

Abo-Elyousr, KAM., Sll.Abdel-Hafez and IR.Abdel-Rahim. Isolation of
Trichoderma and evaluation of their antagonistic potential against Alternaria
porri. J.  Phytopathol  2014; 162(9): 567-574. [http://doi.org/:
/10.1111/jph.12228].

Yamaguchi, K., T.Sano, M.Arita and M.Takahashi. Biocontrol of fusarium wilt
of tomato and verticillium wilt of eggplant by non-pathogenic Fusarium
oxysporum MTO0062. Ann Phytopathol Soc Jpn 1992; 58 (2): 188-194.
[http://doi.org/: 10.3186/jjphytopath.58.188].

Cardoso, JE. And E.Echandi. Nature of protection of bean seedlings from


http://doi.org/:10.1007/s11104-010-0615-8

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

Rhizoctonia root rot by a binucleate Rhizoctonia-like fungus. Phytopathol 1987;
77 (11): 1548-1551. [http://doi.org/:10.1094/Phyto-77-1548].

Sneh, B., M.Ichielevich-Auster and 1.Shomer. Comparative anatomy of
colonization of cotton hypocotyls and roots by virulent and hypovirulent
isolates of Rhizoctonia solani. Can J Bot 1989; 67 (7) 2142-2149.
[http://doi.org/: 10.1139/b89-271].

Koike, N., M.Hyakumachi, K.Kageyama, S.Tsuyumu and N.Doke. Induction of
systemic resistance in cucumber against several diseases by plant growth-
promoting fungi: lignification and superoxide generation. Eur J Plant Pathol
2001; 107 (5): 523-533. [http://doi.org/: 10.1023/A:1011203826805].

Hossain, MM., G.Sultana, M.Kubota, H.Koyama and M.Hyakumachi. Systemic
resistance to bacterial leaf speck pathogen in Arabidopsis thaliana induced by
the culture filtrate of a plant growth promoting fungus (PGPF) Phoma sp. GS8-
1. J Gen Plant Pathol 2008; 74 (213): 213-221. [http://doi.org/:10.1007/s10327-
008-0093-5].

Troncoso-Rojas, R., A.Sanchez-Estrada, T.Carvallo, A.Gonzalez-Ledn, J.Ojeda-
Contreras, A.Aguilar-Valenzuela and M-E.Tiznado-Herndndez. A fungal
elicitor enhances the resistance of tomato fruit to Fusarium oxysporum infection
by activating the phenylpropanoid metabolic pathway. Phytoparasitica 2013; 41
(2): 133-142. [http://doi.org/: 10.1007/s12600-012-0271-z].

Benhamou, N., RR.Bélanger, P.Rey and Y.Tirilly. Oligandrin, the elicitin-like
protein produced by the mycoparasite Pythium oligandrum, induces systemic
resistance to Fusarium crown and root rot in tomato plants. Plant Physiol.
Biochem 2001; 39 (7-8): 681-698. [http://doi.org/: /10.1016/S0981-
9428(01)01283-9].

Peng, X., H.Zhang, Z.Bai and B.Li. Induced resistance to Cladosporium
cucumerinum in cucumber by pectinases extracted from Penicillium oxalicum.
Phytoparasitica 2004, 32 (377): 377-387. [http://doi.org/:
10.1007/BF02979849].

De Cal, A., S.Pascual and P.Melgarejo. Biological control of Fusarium
oxysporum f. sp. lycopersici. Plant Pathol 1995; 44 (5): 909-917.
[http://doi.org/: 10.1111/.1365-3059.1995.tb02750.x]

Fuchs, J-G.,Y.Moenne-Loccoz, and G.Defago. Nonpathogenic Fusarium
oxysporum strain Fo47 induces resistance to Fusarium wilt in tomato. Plant Dis
1997; 81 (5): 492-496. [http://doi.org/: 10.1094/PDIS.1997.81.5.492].


http://doi.org/:10.1094/Phyto-77-1548
http://doi.org/:10.1007/s10327-008-0093-5
http://doi.org/:10.1007/s10327-008-0093-5

Fig.(1). Diagram of laboratory assay of hypovirulent binucleate Rhizoctonia (HBNR)
to suppress the disease development of Fusarium crown and root rot (FCRR) of
tomato and to induce resistance against the disease, using the water agar method. (A)
Inoculation point of HBNR consisting of a living mycelial disk (3-mm diameter), a
dead myecelial disk (7-mm diameter), and CF (70 ul). In order to avoid direct contact
between HBNR and FORL, the mycelial disk of living cells was enveloped by a
polycarbonate membrane filter (0.2-um mesh); (B) Inoculation point of Fusarium
oxysporum f.sp. radicis-lycopersici (FORL) with spore suspension (5 pl of pathogen
suspension at 5 x 10° spores/ml) at 0, 3, 6, and 9 cm away from the position of HBNR
inoculum (separate experiment for each position); (C) Tomato [rootl.
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Fig.(2). Effect of living mycelia of HBNR isolates on lesion development of Fusarium
crown and root rot of tomato, after being challenge-inoculated with FORL at 0 cm (A),
3cm (B), 6 cm (C), and 9 cm (D) away from the position of HBNR inoculum. Data

are means of 4 replications with 5 seedlings per \replication]. Commented [E27]: In Figure 3 the measurement
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Fig.(3). Effect of dead mycelia of HBNR isolates on lesion development of Fusarium
crown and root rot of tomato, after being challenge-inoculated with FORL at 0 cm (A),
3 cm (B), and 6 cm (C) away from the position of HBNR inoculum. Data are means
of 4 replications with 5 seedlings per replication. Data were recorded 5 days after
pathogen inoculation. Bars labeled with the same letter are not significantly different

according to Fisher’s least significant different test (P > O.IOSD. Commented [E28]: Why is this figure recorded on
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Fig.(4). Effect of culture filtrates of HBNR isolates on lesion development of
Fusarium crown and root rot of tomato after challenge-inoculation with FORL at 0 cm
(A), 3 cm (B), and 6 cm (C) away from the position of HBNR inoculum. Data are
means of 4 replications with 5 seedlings per replication. Bars represent standard error
of the mean.
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Fig (5). Effect of living mycelia of HBNR isolates covered with polycarbonate
membrane filter (0.2-um mesh) on lesion development of Fusarium crown and root
rot of tomato after challenge-inoculation with FORL at 0 cm (A), 3 cm (B), and 6 cm
(C) away from the position of HBNR inoculum. Data are means of 4 replications with
5 seedlings per replication. Bars labeled with the same letter are not significantly
different according to Fisher’s least significant different test (P > O.[OSD.
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Table 1. Effect of hypovirulent binucleate Rhizoctonia (HBNR) with various pre-
incubation times on the reduction of lesion development of Fusarium crown and
root rot (FCRR) of tomato caused by Fusarium oxysporum f. sp. radicis
lycopersici (FORL) in water agar 2

Treatments Lesion development (cm)® Commented [E31]: Why is reported in table 1 the

size of the lesion in cm, and in the previous graphs in
3cemS 6cm mm?. There was more lesion in this assay? Why are
only results from W1 and Rhv7 reported?
-124 0] 12 24 -12 0 12 24

Pathogen 7.2 b® 7.0b 6.7b 70b 6.4b 6.1b 56b 6.1b

HBNR W1 0.8a 0.8a 0.7a 05a 2.2a 18a l6a 1la

HBNR Rhv7 l4a 0.7a 06a 0.7a 26a 22a 16a 16a

F Eight-day-old tomato seedlings were grown in 2 % water agar treated with HBNR
and challenge-inoculated with FORL.

P Lesion development was recorded 8 days after inoculation with FORL.

¢ Inoculation points of FORL were 3 cm and 6 cm away from HBNR position.

d Pre-incubation of HBNR on neck root: 12 h after inoculation of pathogen (-12);
simultaneous inoculation of HBNR and pathogen (0 h); 12 h before inoculation of
pathogen (12); 24 h before inoculation of pathogen (24).

¢ Mean of four replications with five seedlings per replication. Values followed by the
same letter do not differ significantly (P > 0.01) according to Fisher’s least significant
difference test.
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Lysinibacillus, Enterobacter, and Serratia) and one root-associated endophytic (RAE)
associated with Alcaligenes faecalis subsp. caused a statistically significant decrease in plant
infection by FORL through antibiosis mechanisms [10]. [11] reported that Pseudomonas
fluorescens WCS365 and P. chlororaphis PCL1391 effectively controlled FCRR through
induced systemic resistance”.

Answer
We agree to remove this paragraph

According to the background, it is already proven that HBNR controls FCRR [(1) develop a
rapid and miniaturized laboratory bioassay for screening the efficacy of HBNR in reducing
FCRR in the tomato].

Answer
We agree that HBNR have been proven effectively control FCRR according to the
background. Since we develop a rapid method to evaluate HBNR against FCRR in laboratory
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10.

assay in particular for selecting a large number of HBNR, therefore it is still necessary to
mention [develop a rapid and miniaturized laboratory bioassay for screening the efficacy of
HBNR in reducing FCRR in the tomato] as our objective.

Write what are the inoculum forms used in the objection 2 “(2) investigate the efficacy of
[various] inoculum forms of HBNR in controlling FCRR using a water agar system”.

Answer

We agree the inoculum forms used to be included in our manuscript. We rewrite the
objective no 2 to be (2) investigate the efficacy of various inoculum forms (living and dead
mycelial disks) of HBNR in controlling FCRR using a water agar system.

Explain the differences of each HBNR isolate in the MATERIALS AND METHODS
Organisms: “Four isolates of HBNR were used as biocontrol agents: L2 (AG-Ba), W1,
W7 (AG-A), and HBNR Rhv7 (unknown anastomosis group)”.

Answer:
We have already explained the differences of isolate in the parentheses such as, L2
(AG-Ba) means that L2 belong to the anastomosis group Ba.

According to the method used, it is not a simple and rapid bioassay, nor is it cheap.
“Laboratory assay of biological control of Fusarium crown and root rot of tomato”

Answer

When we compare to the ordinary evaluation of HBNR against plant disease in greenhouse
which is need seedling preparation (21 days) in small pot then were transferred to bigger
plastic pot containing pathogen-infested soil medium for recording of disease severity for
about 70 days. In this study we just need cheap materials (plastic box and water agar) and we
just need only nine days for seedling preparation and ten days for diseases recording.

A living HBNR mycelial disk (3-mm diameter, taken from the advancing margin of a
three-day-old culture), a dead mycelial disk (7-mm diameter) “Why try the dead
mycelium? Explain”

Answer:

Beside living cell of antagonist use as biocontrol agent, dead cell such as dead
mycelium also can be used as effective biocontrol agent as reported by:

Zhang, H.J., Dong, H.Z., and Li, W.J. 2011. Dead mycelium of Penicillium
chrysogenum protects transplanted cotton plants against fungal wilts in a saline field.
Spanish Journal of Agricultural Research 9(3): 873-881.

Percent reduction of lesion development was used to measure the efficacy of HBNR
against the pathogen, by employing the formula O(A-B)/AC x 100, in which A
represents the lesion length observed on the root due to inoculation of pathogen alone
and B is the lesion length observed on the root due to co-inoculation of HBNR and the
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pathogen. “How was the lesion size measured? Did they only use a ruler, or was a
vernier used? It is very important, because the work is based on the results of the
measurement of the lesion”.

Answer:
Lesion length was measured using a Vernier caliper

At a distance of 0 cm between HBNR and FORL, the reduction of lesion development
by HBNR L2, W1, W7, and Rhv7 was almost completely ranged from 81 — 96 %. “In
the methods it appears as L1”.

Answer:
We apologize for mistyping L1 in the Methods. The correct one is L2.

At a distance of 0 cm, the reduction of lesion development by HBNR L2, W1, W7, and
Rhv7 was 35 — 100 %, 36 — 100 %, 37 - 100%, and 36 - 100%, respectively (Fig. 4A).
At a distance of 3 cm, treatment with HBNR L2, W1, W7, and Rhv7 reduced lesion
development by 30 — 87 %, 31 — 100 %, 22 — 100 %, and 27 - 100%, respectively (Fig.
4B). At a distance of 6 cm, the reduction of lesion development by HBNR L2, W1,
W7, and Rhv7 was 20 — 70 %, 33 — 100 %, 26 — 100 %, and 27 — 100 %, respectively
(Fig. 4C). “Why do they mention that there was a 100% reduction of lesion? If, on day
2, the disease just begins to develop, it is not controlled.

Answer
Thank you very much for your excellent suggestion. We have rewrite with the
percentage lesion reduction from day 4.

At a distance of 0 cm, the reduction of lesion development by HBNR L2, W1, W7, and
Rhv7 was 35 — 85 %, 36 — 73 %, 37 - 100%, and 36 - 64%, respectively (Fig. 4A). At a
distance of 3 cm, treatment with HBNR L2, W1, W7, and Rhv7 reduced lesion
development by 30 — 79 %, 31 — 83 %, 23 — 74 %, and 27 - 88%, respectively (Fig.
4B). At a distance of 6 cm, the reduction of lesion development by HBNR L2, W1,
W7, and Rhv7 was 30 — 70 %, 33 — 72 %, 26 — 84 %, and 27 — 86 %, respectively (Fig.
4C). “Why do they mention that there was a 100% reduction of lesion? If, on day 2, the
disease just begins to develop, it is not controlled.

In another experiment, pre-inoculation at 12 h and 24 h with living mycelia of HBNR
W1 or Rhv7 on the seedlings, and challenge-inoculation with FORL at 3 cm and 6 cm
away from HBNR, also resulted in significant reduction in lesion development
compared to the control, after 8 days of pathogen inoculation (Table 1). “This
treatment is not explained in the methods, it seems that they included it after the initial
experiment; therefore, it is not explained or justified because they did it”.
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Answer:

We have explained this treatment in the method in section 2.1. Laboratory assay of
biological control of Fusarium crown and root rot of tomato, line 40-43: “An
additional experiment using a living mycelial disk (3-mm diameter) without an
enveloping membrane was also done. In this experiment, the inoculation period of the
HBNR varied from 0 h to 12 h after inoculation with the pathogen and 0 h to 24 h prior
to inoculation with the pathogen”.

At a distance of 6 cm, the reduction by HBNR W1 and Rhv7 was 71 % and 71 %,
respectively. “For both”.

Answer:
We agree with your suggestion and we change and 71 %, respectively to be for both.

In the experiment using the WA system method, inoculation of the living HBNR
mycelia on the base hypocotyls, and the pathogen on a different site 0, 3, 6, and 9 cm
away from HBNR, showed that all HBNR isolates tested significantly reduced FCRR
lesion development. Maximum protection occurred when the pathogen was inoculated
at the position of 0 and 3 cm away. However, protection decreased a little bit at a
distance of 6 and 9 cm. In this system, although the pathogen was directly introduced
to the root surface, high lesion reduction was still provided by HBNR. Pre-inoculation
of living mycelia of HBNR at a different time, and challenged with FORL, resulted in
significant reduction in FCRR lesion development, even when HBNR was inoculated
simultaneously (0 h) or 12 h after inoculation of pathogen.

Answer:
In this paragraph, results are presented, they are not conclusions

These results support those obtained by [21]: Rhizoctonia damping-off in bedding
plants was still reduced when binucleate Rhizoctonia was applied together with R.
solani AG-4 and AG-8. [22] also reported that application of Trichoderma harzianum
Th-3013 was still able to control purple blotch disease even when performed 48 h after
pathogen inoculation. However, a contrary result was reported by [23]. “Reference 21
and 23 very old”.

Answer:
We aggree with the suggestion, the paragraph was already deleted

tomato seedlings treated with non-pathogenic Fusarium 7 or 14 days before inoculation
of the pathogen showed the greatest effect. However, the protective effect almost
disappeared when both were applied simultaneously. The different results achieved by
different researchers might be caused by a difference in the mechanisms of disease
suppression involved in the varying system. “There is no discussion, they only make a
comparison with other studies”.
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Answer:
We aggree with the suggestion, the paragraph was already deleted.

Induced resistance in tomato plants by HBNR may be one of the mechanisms of
biological control against FCRR in this study. “It is necessary to check it”.

Answer:

HBNR isolates used in the study did not shown any inhibition to FCRR pathogen in vitro,
and whereas no contact occurred between HBNR isolates and the pathogen in our water agar
rapid biocontrol assay, suggesting induced resistance operates as the biocontrol mechanism.

These results confirm those of [24] and [25], who reported that HBNR did not inhibit
or parasitize R. solani. “Very old references. 31 years later, there is much more
information regarding the subject”.

Answer:
We agree with your opinion, however, we did not find any recent experiment
regarding antagonistic effect of Hypovirulent binucleate Rhizoctonia or non-
pathogenic Rhizoctonia. Because it is already proved by:
[17]. Cardoso, JE. And E.Echandi. Nature of protection of bean seedlings from Rhizoctonia
root rot by a binucleate Rhizoctonia-like fungus. Phytopathol 1987; 77 (11): 1548-1551.
[http://doi.org/:10.1094/Phyto-77-1548].
[18]. Sneh, B., M.Ichielevich-Auster and 1.Shomer. Comparative anatomy of colonization of
cotton hypocotyls and roots by virulent and hypovirulent isolates of Rhizoctonia solani. Can
J Bot 1989; 67 (7) 2142-2149. [http://doi.org/: 10.1139/b89-271].

Various bioassays for screening biocontrol agents use soil systems [14];[16];[31], and
other bioassays for induced resistance in tomato plants have been reported, such as
split root, benomyl, cutting, and layering [32]. However, these systems, like most other
bioassays used for screening of biocontrol agents, often require more than one month
to complete. Such long-term bioassays are difficult to use in large screening trials. In
contrast, the bioassay used in this study offers the advantage of a short assay period
(12 - 18 days) and requires only a small amount of space in cleanroom to test many
different strains or isolates. Another advantage of this assay was its simplicity and the
need for only small amounts of biocontrol agent and pathogen inoculum. By screening
strains initially on plants, as opposed to pathogen-inhibition assays in Petri dishes, we
hope to minimize the erroneous selection of strains on the basis of biological control
traits that would not be expressed in more complex ecosystems. “This paragraph
should be passed to the introduction, to justify the implementation of the assay they
propose”.

Answer:

Thank you for reviewer suggestion. Paragraph to justify the implementation of the assay
procedure had been included in Introduction. This paragraph is intended to compare with
other biocontrol assay system
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The results presented in this study establish that this rapid bioassay can be might also
effectively to screen large numbers of microorganisms as biocontrol agents and for
induce resistance activity. We expect that the bioassay used in this study could be also
useful as a rapid assay in pathogenicity testing of FCRR. “Induce resistance activity or
induced systemic resistance (ISR)? “

Answer:

We prefer to use induce resistance activity. Induce resistance activity by HNBR includes
either ISR and SAR. Sharon M, Freeman S, Sneh B (2011) Assessment of Resistance
Pathways Induced in Arabidopsis thaliana by Hypovirulent Rhizoctonia spp.
Isolates. Phytopathology 101: 828-838.

In this experiment using the Water Agar system method, tomato seedlings treated with
living mycelia, dead mycelia, and CF of HBNR isolates and Fusarium oxysporum f.sp.
radicis-lycopersici (FORL) were inoculated at positions 0, 3, 6, and 9 cm away from
the position of the HBNR resulted in significantly reduced lesion development of
FCRR. The reduction of lesion development of FCRR decreased with the longer
distance between HBNR and FORL. Pre-inoculation of living mycelia of HBNR at a
different time, and challenged with FORL, resulted in significant reduction in FCRR
lesion development, even when HBNR was inoculated simultaneously (0 h) or 12 h
after inoculation of pathogen. “In this paragraph, results are presented, they are not
conclusions”.

Answer:
We delete the paragragh and change as showed in the revised manuscripts

This method was also simple and least demanding of space and growth facilities. “It is
not concluded about the objective (2): L1 (AG-Ba), W1, W7 (AG-A), and HBNR
Rhv7”

Answer:
We Revised the conclusion as showed in the revised manuscripts.

Fig.(1). Diagram of laboratory assay of hypovirulent binucleate Rhizoctonia (HBNR)
to suppress the disease development of Fusarium crown and root rot (FCRR) of tomato
and to induce resistance against the disease, using the water agar method. (A)
Inoculation point of HBNR consisting of a living mycelial disk (3-mm diameter), a
dead mycelial disk (7-mm diameter), and CF (70 ul). In order to avoid direct contact
between HBNR and FORL, the mycelial disk of living cells was enveloped by a
polycarbonate membrane filter (0.2-um mesh); (B) Inoculation point of Fusarium
oxysporum f.sp. radicis-lycopersici (FORL) with spore suspension (5 ul of pathogen
suspension at 5 x 105 spores/ml) at 0, 3, 6, and 9 cm away from the position of HBNR
inoculum (separate experiment for each position); (C) Tomato root. “The scale of the
figure is inadequate, the size of the root in relation to the leaf area does not
correspond. What is the support of the seedling? “



Answer:
We have already reshape the size

25.Fig.(2). Effect of living mycelia of HBNR isolates on lesion development of Fusarium

26.

27.

28.

crown and root rot of tomato, after being challenge-inoculated with FORL at 0 cm (A),
3cm (B), 6 cm (C), and 9 cm (D) away from the position of HBNR inoculum. Data are
means of 4 replications with 5 seedlings per replication. “In Figure 3 the measurement
was made on day 5, in this figure measurements are made from day 2 to 10, why the
difference? It is the same system”.

Answer:
For consistency of time for measurement of lesion development, we change all the
results recorded until 8 days

Fig.(3). Effect of dead mycelia of HBNR isolates on lesion development of Fusarium
crown and root rot of tomato, after being challenge-inoculated with FORL at 0 cm (A),
3cm (B), and 6 cm (C) away from the position of HBNR inoculum. Data are means of 4
replications with 5 seedlings per replication. Data were recorded 5 days after pathogen
inoculation. Bars labeled with the same letter are not significantly different according
to Fisher’s least significant different test (P > 0.05). “Why is this figure recorded on
day 5?

Answer:
Because after day 5, the effect was almost disappear. So we did not show the data,
eventhough we have the data.

Fig.(4). Effect of culture filtrates of HBNR isolates on lesion development of Fusarium
crown and root rot of tomato after challenge-inoculation with FORL at 0 cm (A), 3 cm
(B), and 6 cm (C) away from the position of HBNR inoculum. Data are means of 4
replications with 5 seedlings per replication. Bars represent standard error of the mean.
“In figure 4 the measurements were made from day 2 to 8, in figure 2 they were made
from 2 to 10. If it is the same system, why the differences in the taking of
measurements?”

Answer:
We would like to know their ability in various distance and inoculated HBNR and FOR
with difeferent inoculation point, in order to avoid direct contact between HBNR and FORL,

Fig (5). Effect of living mycelia of HBNR isolates covered with polycarbonate
membrane filter (0.2-0Jm mesh) on lesion development of Fusarium crown and root rot
of tomato after challenge-inoculation with FORL at 0 cm (A), 3 cm (B), and 6 cm (C)
away from the position of HBNR inoculum. Data are means of 4 replications with 5
seedlings per replication. Bars labeled with the same letter are not significantly
different according to Fisher’s least significant different test (P > 0.05). “In Figure 5,
why are only the results of HBNR W1 reported?”
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Answer:
Yes, we just test representative the strongest isolate that is HBNR W1

Table 1. Effect of hypovirulent binucleate Rhizoctonia (HBNR) with various pre-
incubation times on the reduction of lesion development of Fusarium crown and root rot
(FCRR) of tomato caused by Fusarium oxysporum f. sp. radicis lycopersici (FORL) in
water agar 2 Lesion development (cm)® “Why is reported in table 1 the size of the lesion
in cm, and in the previous graphs in mm?. There was more lesion in this assay? Why
are only results from W1 and Rhv7 reported?”

Answer:
The measurement scale has been changed to be in cm in the graphs

2 Eight-day-old tomato seedlings were grown in 2 % water agar treated with HBNR and
challenge-inoculated with FORL.

b |esion development was recorded 8 days after inoculation with FORL.

¢ Inoculation points of FORL were 3 cm and 6 cm away from HBNR position.

¢ Pre-incubation of HBNR on neck root: 12 h after inoculation of pathogen (-12);
simultaneous inoculation of HBNR and pathogen (0 h); 12 h before inoculation of
pathogen (12); 24 h before inoculation of pathogen (24).

¢ Mean of four replications with five seedlings per replication. Values followed by the
same letter do not differ significantly (P > 0.01) according to Fisher’s least significant
difference test. “The information must be included in the methods section”.

Answer:

We have already explained this treatment in the method in section 2.1. Laboratory assay
of biological control of Fusarium crown and root rot of tomato, line 40-43: “An
additional experiment using a living mycelial disk (3-mm diameter) without an
enveloping membrane was also done. In this experiment, the inoculation period of the
HBNR varied from 0 h to 12 h after inoculation with the pathogen and 0 h to 24 h prior
to inoculation with the pathogen”.
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A Rapid Bioassay to Evaluate Efficacy of Hypovirulent Binucleate Rhizoctonia in
Reducing Fusarium Crown and Root Rot of Tomato
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3  River Basin Research Center, Gifu University, Gifu 501-1193, Japan.

Abstract:

Background:

Fusarium oxysporum f. sp. radicis-lycopersici (FORL) caused Fusarium crown and
root rot of tomato (FCRR), it’s a serious constraint on tomato production and
contributing to yield losses.

Aims/Method:

Using a rapid bioassay, hypovirulent binucleate Rhizoctonia (HBNR) were tested for
their ability to reduce fusarium crown and root rot (FCRR) of tomato, caused by
Fusarium oxysporum f.sp. radicis lycopersici (FORL). Roots of tomato seedlings
growing on 2 % water agar in plastic boxes were inoculated with living or dead
mycelial disks of HBNR. After 24 h, the pathogen was applied at 0, 3, 6, and 9 cm
away from the position of the HBNR.

Result

When living HBNR was used, the treatments provided significant protection to
tomato seedlings from FCRR infection at all distances tested. Tomato plants pre-
inoculated with living HBNR at different times (12 h and 24 h before inoculation with
the pathogen) and challenged with FORL showed significant reduction of FCRR
lesion development. Significant reduction was still observed even when HBNR was
inoculated simultaneously with or 12 h after inoculation of pathogen. Seedlings
treated with dead HBNR and culture filtrates also showed significantly reduced FCRR
lesion development. When living HBNR were enveloped by polycarbonate membrane
filter, significant reduction of FCRR lesion development was still observed. In all
experiments, reduction of FCRR lesion development in seedlings treated with HBNR
tended to decrease with longer distance from the inoculation point of FORL and
HBNR. We developed a simple, rapid, and miniaturized bioassay for evaluating the
efficacy of HBNR against FORL. The bioassays require only 12 - 18 days, which is at
least 12 days less than the soil system employed by previous researchers.

Keywords: Hypevirulent Binueleate Rhizoetonia, Non-pathogenic Rhizoctonia, Commented [E1]: Preferably, the keywords must
Fusarium oxysporum f.sp. radicis-lycopersici, Temate, Rapid-Rapid be different from the words included in the title.

BiocontrolB%eAassay\ Commented [SS2R1]: We agree, we propose the
keywords are: Non-pathogenic Rhizoctonia, Fusarium
oxysporum f.sp. radicis-lycopersici, Rapid Biocontrol
Assay
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Fax: 62-711-580644; E-mails: a_muslim@unsri.ac.id, limpal2003@yahoo.com
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1. INTRODUCTION

Fusarium crown and root rot of tomato (FCRR), caused by Fusarium
oxysporum f. sp. radicis-lycopersici (FORL), is a serious constraint on tomato
production that limits the yield of glassheusereenhouse- and field-grown tomato

crops [1]. The disease was first detected in Japan in 1974 [2]. Yield losses caused by
FCRR in greenhouse and field tomato production range from 15 to 65% were-33-%

: ively [3].

Recent research on the management of Fusarium wilt and FCRR has focused
on diverse strategies, either individually or in combination. These strategies include
host resistance and chemical, biological, and physical control [4]. Vitale et al. [5]
demontrated that grafting tomato hybrid plants onto “Natalia” rootstock significantly
enhanced the tolerance of plants to FORL, even -though proteomic analysis showed a
higher representation of proteins associated with pathogen infection. A combination
of a plant-growth-promoting strain of Fusarium equiseti with biodegradable pots was

Hypovirulent binucleate Rhizoctonia (HBNR) were investigated as
effective biocontrol agents for a number of important diseases caused by Rhizoctonia
solani [7] and- Phytium [8]. Our previus research showed that HBNR effectively
controls Fusarium wilt of tomato [9], Fusarium wilt of spinach [10], and Fusarium
crown and root rot of tomato [11]. These studies indicated that one of the mechanisms
of biocontrol of fusarium diseases with HBNR isolates might be induced resistance.
Investigations of HBNR as an agent of induced systemic resistance (ISR) in beans,
against the root rot pathogen Rhizoctonia solani or the anthracnose pathogen C.
lindermuthianum, have also been reported [12]. HBNR also effectively protected
cotton seedlings against rhizoctonia damping-off and alternaria leaf spot with
mechanism of induced systemic resistance (ISR) [13].

A major limiting factor in the development of biological control strategies for
different plant diseases is the formulation of efficient procedures for rapidly screening
large numbers of organisms for biological control activity. While field screening
should theoretically provide the best detection of efficient biocontrol strains,
limitations of space, labor, cost, and optimal environmental conditions preclude the
use of this type of screening strategy. Laboratory assays based on the in vitro
inhibition of pathogens or production of particular metabolites by biological control
agents offer a rapid and relatively inexpensive means of screening organisms but may
not be good indicators of biocontrol potential. Unsurprisingly, biocontrol strains
selected in vitro on the basis of phenotypes with unknown links to biological control
activity in plant systems do not always perform as expected under greenhouse or field
conditions [14 }:f- 15]. The present study was undertaken to: (1) [develop a rapid and
miniaturized laboratory bioassay for screening the efficacy of HBNR in reducing
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FCRR in the tomato; (2) investigate the efficacy of jvarious inoculum forms (living

and dead mycelial disks) of HBNR in controlling FCRR using a water agar system.

2. MATERIALS AND METHODS

Organisms: [Four isolates of HBNR were used as biocontrol agents: |2+ (AG-Ba),
oxysporum f.sp. radicis-lycopersici (FORL) isolate RINI, obtained from a tomato
infested with fusarium crown and root rot (FCRR), was used as the inoculum of the
pathogen.

Plant: Tomato cv. “House Momotaro”, a popular cultivar that is susceptible to FCRR,
was used throughout the experiments.

Inoculum preparation: (1) The pathogen, FORL, was grown on potato dextrose agar
(PDA) for 7 days in the dark at 25 °C. Spores were scraped from the cultures with a
sterile glass bar, and a spore suspension was prepared in sterile water and filtered
through eight layers of sterile gauze. (2) HBNR isolates were prepared as inoculum
forms in potato dextrose agar (PDA) plugs (living and dead mycelial disks). The
isolates were grown on PDA for 3-7 days in the dark at 25 °C. The dead mycelial disk
was prepared by killing the 7-day-old culture with chloroform and then drying it for
60 min on a clean bench. To make culture filtrate (CF), two mycelial disks of each
HBNR isolate, obtained from the growing margin of a colony on PDA, were
transferred to a 200-ml flask containing 50 ml of potato dextrose broth (pH 6.5). The
isolates were cultured without shaking for 10 days in dark. The crude culture filtrate
was separated from mycelia and filtered three times through three layers (each time)
of Whatman no. 2 filter paper. The CF was then filter sterilized (0.45-um Millipore
filters, Millipore Products Division, Bedford, USA).

f.l. La‘boratory assay of biological control of Fusarium crown and root rot of
omato
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The efficacy of HBNR in suppressing the development of FCRR in the tomato
was tested in laboratory experiments using a water agar (WA) system method (Fig. 1).
Tomato seeds were surface-sterilized in 70 % ethyl alcohol for 1 min followed by
soaking in 1 % sodium hypochlorite with 3 drops of Tween 20 (polyoxyethylene
sorbitan monolaureate; Nacalai Tesque, Inc., Kyoto, Japan) for 20 min. The seeds
were then rinsed three times with sterilized distilled water (SDW). The seeds were
pre-germinated on 2 layers of Whatman No. 1 filter paper for 3 days in the dark at 25
°C. Five seedlings were transferred to a sterilized plastic box (196 x 104.5 x 28 mm)
containing water agar (WA) and allowed to grow for 6 days at about 20 in a
cleanroom. A living HBNR myecelial disk (3-mm diameter, taken from the advancing
margin of a three-day-old culture), a [dead mycelial disk (7-mm diameter), and CF (70
ul) were used to inoculate the basal hypocotyls of the seedlings, which were again
incubated for 24 h. To prevent spread and maintain a uniform distribution of CF on
basal hypocotyls or roots, drops of CF were placed on an 8-mm diameter paper disc
with 1.5-mm thickness (Advantec, Toyo Roshi Kaisha, Ltd. Japan). To avoid direct
contact between HBNR and FORL, the mycelial disk of HBNR was enveloped by a
polycarbonate membrane filter (0.2-um mesh). An additional experiment using a
living mycelial disk (3-mm diameter) without an enveloping membrane was also done.
In this experiment, the inoculation period of the HBNR varied from 0 h to 12 h after
inoculation with the pathogen and 0 h to 24 h prior to inoculation with the pathogen.
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As a control, seedlings were inoculated with HBNR-free PDA or SDW. Then, 5 pl of
pathogen suspension (5 x 10° spores/ml) were inoculated at positions 0, 3, 6, and 9
cm away from the position of the HBNR inoculum. A 5-mm diameter disk of lens
paper was placed on each drop to prevent runoff and to maintain a uniform
distribution of spores on the root surface. The treatments were prepared in four
replicates. Treated and control seedlings were maintained at about 20 °C for another
2--810 days. Disease severity was determined by measuring lesion development at the
pathogen inoculation point. Percent reduction of lesion development was used to
measure the efficacy of HBNR against the pathogen, by employing the formula [(A-
B)/A] xx 100, in which A represents the lesion length observed on the root due to
inoculation of pathogen alone and B is the lesion length observed on the root due to
co-inoculation of HBNR and the [pathogen.

2.2 Data analysis

The experiments were carried out in completely randomized design. Treatment means
obtained for lesion development of FCRR were compared using Fisher’s least
significant difference (LSD) test with critical values of P = 0.05.

3. RESULTS
3.1 Biological control of FCRR of tomato with HBNR

In a WA system, tomato seedlings treated with living mycelia, dead mycelia,
and CF of HBNR isolates significantly reduced lesion development of FCRR (P =
0.05).

When living mycelia were used as treatment, seedlings treated with HBNR
isolates had significantly less FCRR lesion development after 4—--810 days of
pathogen inoculation (P=-8-84-Fig. 2). The percentage of reduction tend to decrease
with the longer distance between HBNR and FORL. At a distance of 0 cm between
HBNR and FORL, the reduction of lesion development by HBNR ILQQJ W1, W7, and |
Rhv7 was almost completely ranged from 881-—986 %. At a distance of 3 cm,
application of all HBNR still higly reduced lesion development by 8872—-964 %. At
a distance of 6 cm and 9 cm, the reduction of lesion development by all HBNR
isolates slightly decreased by 5525-—984 % and 1135-—66+5 %, respectively (Fig.
2).

Tomato seedlings treated with dead mycelia of all HBNR isolates except L2
also showed significant reduction of FCRR lesion development 52-8 days after
inoculation with the pathogen (P—=—6-65:—Fig. 3). At a distance of 0 cm, lesion /
development reduction_-was 6-21%, 22-79%, 9-49%, and 4-52%, 19-% 62 % 41 %; |
and-36-%-for HBNR L2, W1, W7, and Rhv7, respectively (Fig. 3A). At a distance of
3 cm, the reduction of lesion development by HBNR L2, W1, W7, and Rhv7 was 5- |
37%, 16-52%, 10-41%, and 9-59%, 18-%;52 %32 %and-34-%. respectively (Fig. /
3B). At a distance of 6 cm, lesion development reduction was 2-34%, 15-45%, 10-
49%, and 4-48%, 21-%;38-%42 % and-32-%for HBNR L2 WA W7 and-Rhvt;
respectively (Fig. 3C).

The application of CF of HBNR isolates also resulted in significant
reduetionsignificant reduction in FCRR lesion development 2-8 days after pathogen
inoculation (P = 0.05; Fig. 4). At a distance of 0 cm, the reduction of lesion
development by HBNR L2, W1, W7, and Rhv7 was [35——854:@&% 36-—2100-73 %,
37-—10064%, and 36-—10078%, respectively (Fig. 4A). At a distance of 3 cm,
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treatment with HBNR L2, W1, W7, and Rhv7 reduced lesion development by [30-—
87-79 %, 31-—100-83 %, 22-23-—100-74 %, and 27-—10088%, respectively (Fig.
4B). At a distance of 6 cm, the reduction of lesion development by HBNR L2, W1,
W7, and Rhv7 was }2&30-—70 %, 33-—2106-72 %, 26-—166-84 %, and 27-—109
86%, respectively (Fig. 4C).

We attempted to prevent direct contact between HBNR and FORL by
enveloping the living mycelia in a polycarbonate membrane filter (0.2-um mesh), but
the mycelia still penetrated the membrane, so that direct contact between HBNR and
FORL was observed. In this experiment, significant reduction in FCRR lesion
development was still observed up to 8 days after pathogen inoculation at a distance
of 0 cm (P = 0.05; Fig. 5A). At a distance of 3 cm, significant reduction in FCRR
lesion development was observed until 6 days after pathogen inoculation stilt
=0.05; Fig.
5#58) However at a distance of 6 cm, S|gn|f|cant reductlon was only observed at
3-4 days after pathogen inoculation (Fig. 5C). The reduction of lesion development by
HBNR W1 was 25-78%, 13-67%, and 10-52% 34—61 %, 45—5+%;and-2—36%at
distances of 0, 3, and 6 cm, respectively.

In another experiment, pre-inoculation at 12 h and 24 h with living mycelia of
HBNR W1 or Rhv7 on the seedlings, and challenge-inoculation with FORL at 3 cm
and 6 cm away from HBNR, also resulted in significant reduction in lesion
development compared to the control, after 8 days of pathogen inoculation (Table 1). |
LAt 12 h pre-inoculation of HBNR, at a distance of 3 cm, treatment with HBNR W1
and Rhv7 reduced FCRR lesion development by 90-% and 91-%, respectively. At a
distance of 6 cm, the reduction by HBNR W1 and Rhv7 was 71 % for bothand-7#1-%;
respeetively. The reduction slightly increased with the longer pre-inoculation period
of 24 h. At a distance of 3 cm, the reduction by HBNR W1 and Rhv7 was 93-% and
90-%, respectively. At a distance of 6 cm, the reduction by HBNR W1 and Rhv7 was
82-% and 74-%, respectively. HBNR isolates also significantly reduced lesion
development of FCRR (P = 0.01) when both isolates were applied simultaneously (0
h) and even when HBNR was applied 12 h after pathogen inoculation. At 0 h, or
simultaneous inoculation, at a distance of 3 cm, the reduction of lesion development
by HBNR W1 and Rhv7 was 89-% and 90-%, respectively. At a distance of 6 cm, the
reduction was 71-% and 64-% for HBNR W1 and Rhv7, respectively. At 12 h after
pathogen inoculation, at a distance of 3 cm, the reduction was 89-% and 81-% for
HBNR W1 and Rhv7, respectively. At a distance of 6 cm, the reduction by HBNR
W1 and Rhv7 was 66-% and 59-%, respectively.

4, DISCUSSION

In this study, all HBNR isolates tested using various inoculum forms, i.e.
living mycelia, CF, and dead mycelia significantly reduced lesion development of
FCRR. Maximum protection occurred when the pathogen was inoculated at the
position of 0 and 3 cm away. However, protection decreased at a distance of 6 and 9
cm. In our study using the WA system method, the phenomena lesion
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development affected by biological control agents could be rapidly recorded
without destructive to the root system. Living mycelia showed a stronger
inhibition of lesion development throughout experiment, while dead mycelium
inhibited effectively lesion development up to 5 days then decrease at a longer
time of incubation. It might be that on living mycelia, three were a competition
in infection site between HBNR and FORL. HBNR has been reported to be an
effective colonization of plant root [11}, {16] and it was likely that inoculated living

[Formatted: Font color: Text 1




HBNR mycelia had been already colonizing the infection site that allow competition
between HBNR and FORL. Pre-inoculation of living mycelia of HBNR at a different
time, and challenged with FORL, resulted in significant reduction in FCRR lesion
development, even when HBNR was inoculated simultaneously (0 h) or 12 h after

inoculation of pathogen. :

Tomato seedlings treated with CF and dead mycelia of HBNR effectively
reduced FCRR lesion development. The in vitro interaction experiments using living
or dead mycelia and CF reveal that they did not produce any zone of inhibition_(data
not shown), suggesting that they were not antagonistic and ruling out the possible
involvement of toxins or antifungal compounds in disease suppression. Since CF and
dead mycelia of HBNR application sites and pathogen application sites were spatially
separated by a distance of 3-6 cm, and there was no contact between HBNR isolates
and the pathogen until day 5 at 3 cm and day 8 at 6 cm, we observed that average
mycelial growth of the pathogen was 0.54 cm/day. Induced resistance in tomato plants
by HBNR may be one of the mechanisms of biological control against FCRR in this

study. These results confirm those of [2417] and [2518], who reported that HBNR did |

not inhibit or parasitize— R. solani._Plant protection by hypovirulent binucleate
Rhizoctonia involves resistance pathways such as systemic acquired resistance (SAR),
induced systemic resistance (ISR), and phytoalexins [16].

‘Many reports demonstrated that mycelia or CF of fungi were effective in
inducing resistance against various diseases [2619}:124 {281+ - 2922] demonstrated
that tomato plants treated with Shgandrinoligandrin, the elicitin-like protein produced
by the mycoparasite Pythium oligandrum, showed significant induction of systemic
resistance against FORL. The most striking features of the resistance mechanism
involved restriction of fungal growth to the outer root tissues, decrease in pathogen
viability, and formation of aggregated deposits, which often accumulated at the
surface of invading hyphae. In addition, [3623] reported that cucumber seedlings
treated with pectinases extracted from fermentation products of Penicillium oxalicum
BZH-2002 induced resistance against scab caused by Cladosporium cucumerinum.

Various bioassays for screening biocontrol agents use soil Systems
[349, 12611, }:32124], and other bioassays for induced resistance in tomato plants
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have been reported, such as split root, benomyl, cutting, and layering [3225].
However, these systems, like most other bieassays-biocontrol assayused-fer-sereening
of-biecontrol-agents, often require more than one month to complete. Such long-term
bioassays are difficult to use in large screening trials. In contrast, the bioassay used in
this study offers the advantage of a short assay period (12---18 days) and requires only
a small amount of space in cleanroom to test many different strains or isolates.
Another advantage of this assay was its simplicity and the need for only small
amounts of biocontrol agent and pathogen inoculum. By screening strains initially on
plants, as opposed to pathogen-inhibition assays in Petri dishes, we hope to minimize
the erroneous selection of strains on the basis of biological control traits that would
not be expressed in more complex ecosystems. |

The results presented in this study establish that this rapid bioassay can be
might also effectively to screen large numbers of microorganisms as biocontrol agents

and for linduce resistance activity. We expect that the bioassay used in this study could ;

be also useful as a rapid assay in pathogenicity testing of FCRR.

CONCLUSIONS

The l:&beratepy aboratory
assay developed in this study could be rapidly determined biocontrol efficacy of
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HBNR against FCRR within 12-18 days from seedling emergence. Except isolate L2,
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Living mvcella were the most effectlvely used as a blocontrol |noculum followed bv

CF, and dead mycelia.
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Fig._(1). Diagram of laboratory assay of hypovirulent binucleate Rhizoctonia (HBNR)
to suppress the disease development of Fusarium crown and root rot (FCRR) of
tomato and to induce resistance against the disease, using the water agar method. (A)
Inoculation point of HBNR consisting of a living mycelial disk (3-mm diameter), a
dead myecelial disk (7-mm diameter), and CF (70 pl). In order to avoid direct contact
between HBNR and FORL, the mycelial disk of living cells was enveloped by a
polycarbonate membrane filter (0.2-um mesh); (B) Inoculation point of Fusarium
oxysporum f.sp. radicis-lycopersici (FORL) with spore suspension (5 pl of pathogen
suspension at 5 x 10° spores/ml) at 0, 3, 6, and 9 cm away from the position of HBNR
inoculum (separate experiment for each position); (C) Tomato [root\.

Water Agar + 3 mm
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Fig._(2). Effect of living mycelia of HBNR isolates on lesion development of
Fusarium crown and root rot of tomato, after being challenge-inoculated with FORL
at 0 cm (A), 3 cm (B), 6 cm (C), and 9 cm (D) away from the position of HBNR

inoculum. Data are means + SEM of 4 replications with 5 seedlings per [replicationl. ,,,,,,,,,,,,, Commented [E41]: In Figure 3 the measurement
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Fig._(3). Effect of dead mycelia of HBNR isolates on lesion development of Fusarium
crown and root rot of tomato, after being challenge-inoculated with FORL at 0 cm (A),
3 c¢m (B), and 6 cm (C) away from the position of HBNR inoculum. Data are means +
SEM of 4 replications with 5 seedlings per replication. Bata—were—recorded-5-days
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incubation times on the reduction of lesion development of Fusarium crown and root
rot (FCRR) of tomato caused by Fusarium oxysporum f. sp. radicis lycopersici
(FORL) in water agar 2
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for publication in "The Open Agriculture Journal" after
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preferred media for researchers. It is a web-based
service that helps researchers maximize the visibility,
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Best Regard
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Dear Ms. Dr. Sahar Iftekhar

Thank you very much for your good new emai.

It is a great honor for us, that our manuscript entitled: "A
Rapid Bioassay to Evaluate Efficacy of Hypovirulent
Binucleate Rhizoctonia in Reducing Fusarium Crown and
Root rot of Tomato " have been accepted for publication
in your Journal "The Open Agriculture Journal”
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We will be very happy if our paper could be proceed
soon and published in this year..

We will follow all the role and requirements in your
Journal. Do not be hesitate to inform us regarding the
role and the requirements.

Thank you very much

Best regard
A. Muslim
[Quoted text hidden]

a. muslim unsri Mon, Mar 18, 2019 at
<a_muslim@unsri.ac.id> 2:51 PM
To: The Open Agriculture Journal <toasj@benthamopen.org>

Dear Ms. Sahar Iftekhar
Reference#: BMS-TOASJ-2018-43

Submission Title: A Rapid Bioassay to Evaluate Efficacy
of Hypovirulent Binucleate Rhizoctonia in Reducing
Fusarium Crown and Root rot of Tomato

We are very pleased to hear that our article entitled "A
Rapid Bioassay to Evaluate Efficacy of Hypovirulent
Binucleate Rhizoctonia in Reducing Fusarium Crown and
Root rot of Tomato " has been accepted for publication in
"The Open Agriculture Journal" after independent peer
review.



Since the information of accepted letter have been
informed to us on December 5, 2018, We are very happy
if you could inform us How is the process of our paper for
publication in TOASJ.

We are realy hope that our Paper could be publised in
TOASJ as soon as possible in a few days later.

Thank you very much for your kindness and excellent
cooperation

Best Regard

A. Muslim

Sriwijaya University
Indonesia

On Wed, Dec 5, 2018 at 9:12 PM The Open Agriculture
Journal <admin@bentham.manuscriptpoint.com> wrote:

TOASJ Bentham Open Tue, Mar 19, 2019 at
<toasj@benthamopen.net> 9:17 PM
To: "a. muslim unsri" <a_muslim@unsri.ac.id>

Cc: Qasit Malik <gasit@benthamopen.net>

Dear Dr. Muslim,

Thank you for your email. With reference to the below
email, this is to inform you that we had sent you an email


mailto:admin@bentham.manuscriptpoint.com

regarding the proofs corrections of your article but did
not receive any response. | have attached my email and
composed version of your article for your convenience. |
shall be grateful if you could kindly carefully check the
manuscript for any potential errors, missing
lines/paragraphs and errors in figures/diagrams etc.

Looking forward to your prompt response in this regard!

Note:
Please reply to this email at toasj@benthamopen.net
otherwise your email will not reach me.

Regards,
Wajeeha Ahmed
Assistant Manager (Publication)

2 attachments

-D Bentham Open Mail - BMS-TOASJ-2018-43.pdf
209K

-D TOASJ-18121201.pdf
683K

a. muslim unsri Tue, Mar 19, 2019 at
<a_muslim@unsri.ac.id> 8:13 PM


mailto:toasj@benthamopen.net
https://mail.google.com/mail/u/0?ui=2&ik=88efc1cb30&view=att&th=1699576f5ffaa9d9&attid=0.1&disp=attd&realattid=f_jtfmh8o80&safe=1&zw
https://mail.google.com/mail/u/0?ui=2&ik=88efc1cb30&view=att&th=1699576f5ffaa9d9&attid=0.2&disp=attd&realattid=f_jtfmhiw51&safe=1&zw

To: Suwandi fp <suwandi@fp.unsri.ac.id>, suwandi_unsri
<suwandi_unsri@yahoo.com>, suwandi saleh
<suwandi.saleh@gmail.com>

Ndi tolong dibantu ini email dari journal TOASJ...
Emailnyo sudah lamo ternyata tgl 19 Februari..

Makasih

2 attachments

-D Bentham Open Mail - BMS-TOASJ-2018-43.pdf

269K
-D TOASJ-18121201.pdf
683K
a. muslim unsri Tue, Mar 19, 2019 at
<a_muslim@unsri.ac.id> 8:22 PM

To: TOASJ Bentham Open <toasj@benthamopen.net>

Dear Wajeeha Ahmed
Assistant Manager (Publication)

Thank you very much for your quick respond of our
email.

| am really so sorry, | miss your email sent on February
18, so we did not reply your email at that time.


https://mail.google.com/mail/u/0?ui=2&ik=88efc1cb30&view=att&th=16996158c6666450&attid=0.1&disp=attd&realattid=f_jtfmh8o80&safe=1&zw
https://mail.google.com/mail/u/0?ui=2&ik=88efc1cb30&view=att&th=16996158c6666450&attid=0.2&disp=attd&realattid=f_jtfmhiw51&safe=1&zw

We are going to ceck in detail about the possible error of
our manuscript and send it back soon.

Thank you very much for your kindness and excellent
cooperation

Best Regard

A. Muslim
a. muslim unsri Wed, Mar 20, 2019 at
<a_muslim@unsri.ac.id> 9:33 AM

To: Suwandi fp <suwandi@fp.unsri.ac.id>, suwandi_unsri
<suwandi_unsri@yahoo.com>, suwandi saleh
<suwandi.saleh@gmail.com>

a. muslim unsri Wed, Mar 20, 2019 at
<a_muslim@unsri.ac.id> 9:34 AM
To: Suwandi fp <suwandi@fp.unsri.ac.id>, suwandi_unsri
<suwandi_unsri@yahoo.com>, suwandi saleh
<suwandi.saleh@gmail.com>

TOASJ Bentham Open Wed, Mar 20, 2019 at
<toasj@benthamopen.net> 11:10 AM



To: "a. muslim unsri" <a_muslim@unsri.ac.id>
Cc: Qasit Malik <qasit@benthamopen.net>

Dear Dr. Muslim,

Thank you for your response. With reference to the
below email, | request you to provide the corrections at
your earliest so that manuscript can be proceeded
further for publication without any further delay.

Looking forward to your prompt response in this regard!

Note:
Please reply to this email at toasj@benthamopen.net
otherwise your email will not reach me.

Regards,
Wajeeha Ahmed
Assistant Manager (Publication)

[Quoted text hidden]
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