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Abstract Studies were conducted to isolate and characterize
the phytotoxins extracted from culture filtrates of Rhizoctonia
solani isolate anastomosis group 3 (AG-3) using preparative
thin layer chromatography (TLC)method. The culture filtrates
of R. solani contain a toxic substance that causes canker on
potato stems. Eight toxin fractions were collected by column
layer chromatography but only four spots were obtained in the
TLC analysis. All the four toxin fractions (third, fourth, sixth
and seventh fractions) were recognised to have phytotoxic
activity. Fourier-transform infrared spectroscopy (FTIR), high
performance liquid chromatography (HPLC) and 1H and 13C
NMR spectral techniques were used to characterize the
phytotoxin. The major functional groups identified from
FTIR spectrum includes 2962.1 cm−1 (−CH3), 1465.6 cm−1

(−CH2−), 1727.9 cm−1 (C = O), 1729.8 cm−1 (−COOH) and
1124.3 cm−1 (−OH). Result from HPLC, 1H NMR and 13C
NMR showed phytotoxic fractions of 3-methylthiopropionic
acid (3-MTPA) and 3-methylthioacrylic acid (3-MTAA). The
results of this investigation add to the body of evidence that
multiple related compounds are involved in R. solani disease
development.

Resumen Se desarrollaron estudios para aislar y caracterizar
las fitotoxinas extraídas de filtrados de cultivo de un
aislamiento de Rhizoctonia solani grupo de anastomosis 3
(AG-3), usando el método de cromatografía de capa fina
(TLC). Los filtrados del cultivo de R. solani contienen una
substancia tóxica que causa cáncer en los tallos de papa. Se
colectaron ocho fracciones de la toxina por cromatografía de
columna, pero solo se obtuvieron cuatro manchas en el
análisis de TLC. A las cuatro fracciones (tercera, cuarta, sexta
y séptima) se les reconoció que tenían actividad fitotóxica. Se
usaron técnicas de espectrometría de espectroscopía de
infrarrojos transformada de Fournier (FTIR), cromatografía
de líquidos de alta resolución (HPLC), y 1H y 13C NMR,
para caracterizar la fitotoxina. Los principales grupos
funcionales identificados del espectro del FTIR incluyen
2962.1 cm−1 (−CH3), 1465.6 cm−1 (−CH2-), 1727.9 cm−1

(C = O), 1729.8 cm−1 (−COOH) y 1124.3 cm−1 (−OH). Los
resultados del HPLC, 1HNMR y 13C NMR mostraron
fracciones fitotóxicas de ácido 3-metiltiopropionico (3-
MTPA) y ácido 3-metiltioacrilico (3-MTAA). Los resultados
de esta investigación le agregan al cuerpo de evidencia que
múltiples compuestos relacionados están involucrados en el
desarrollo de la enfermedad por R. solani.
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Introduction

In the semi-arid areas of northwest China, potato (Solanum
tuberosum L.) is one of the most common and important crops
produced annually. In Gansu Province, many farmers under-
take potato farming as the main source of employment and
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income. The continuous monoculture for potato production
adopted by farmers leaves the soil depleted of nutrients and
the build-up of plant pathogens particularly Rhizoctonia
solani. The build-up of the pathogens in Gansu Province is
more pervasive due to scarcity of land or small farming land
holdings. This phenomenon leaves farmers with no option but
to continuously cultivate potato on the same piece of land.
Potatoes are grown in about 150 countries, mainly in China
(88.9 million metric tons) and India (45.3 million metric tons)
(FAOSTAT 2015). However, major constraints to its produc-
tion are pests and diseases. R. solani Kuhn is a world-wide
fungus which is found in almost all potato growing-areas of
the world, thereby causing severe losses in global potato pro-
duction (Fiers et al. 2012).

Black scurf and stem canker of potato can be caused by
many binucleate and multinucleate Rhizoctonia anastomosis
groups (AGs). Currently 14 AGs of Rhizoctonia have been
described, with several subgroups based on a wide range of
characteristics such as host range, virulence, molecular and
morphological characteristics (Carling et al. 2002). Among
the AGs that are pathogenic to potato, AG-3 is the most cos-
mopolitan group causing high incidences of black scurf and
stem canker of potato (Woodhall et al. 2008). R. solani causes
stem canker or black scurf and the mechanism of infection is
very complex. Phytotoxins produced by the pathogen are
among the most severe pathogenic factors (Iacobellis and
DeVay 1987). Necrotrophic pathogens often use toxins to
cause plant cell death and derive nutrition from the dead tis-
sue, whereas biotrophic pathogens rely on living plant tissue
(Friesen et al. 2008). In most cases, phytotoxins may interact
with a range of cellular targets, alter gene expression or un-
dermine membrane integrity. A number of phytotoxins inhibit
the activity of plant enzymes. These may lead to interference
in the biosynthesis of vital metabolites (Oliver and Solomon
2008). The production of host-selective toxins by R. solani is
known and is consistent with the necrotrophic nature of the
pathogen, thereby targeting specific enzymes or metabolic
pathways (Lakshman et al. 2006). The R. solani species has
a broad host range and is widely diverse, producing multiple
phytotoxins. Frank and Francis (1976) isolated several phyto-
toxic components from culture filtrates of R. solani and iden-
tified active compounds such as phenylacetic acid (PAA), m-
hydroxyPAA and p-hydroxyPAA. The ability of R. solani to
produce PAA, hydroxy (OH-), and methoxy (MeO-) deriva-
tives of PAA involved in plants pathogenesis have also been
reported in other laboratories (Iacobellis and Devay 1987;
Mandava et al. 1980). PAA has been the most widely de-
scribed toxin by several workers and is known as a virulence
factor for AG-3 on potato (Lakshman et al. 2006; Wolpert et
al. 2002). Most of these structurally characterized toxins are
low molecular weight secondary compounds with diverse
chemical structures. However, Pedras et al. (2005) isolated
complex cyclic peptides (Nb-acetyltryptamine) that indicates

a wide range of chemical structures of phytotoxins produced
by R. solani.

In several places where potato is grown, the disease has
been reported to have infected and caused varying degrees
of leaf necrosis, black scurf and stem canker, resulting in re-
duction in the effective photosynthetic surface area of the crop
and consequently a reduction in the ability of the potato tuber
to store food reserves (Tsror 2010). Rhizoctonia disease of
potato is therefore a major constraint to potato production.
Although many studies have been conducted on isolation
and characterization of R. solani under various soil and cli-
matic conditions in different regions and countries, few exper-
iments have been carried out to characterize R. solani under
conditions in the arid northwest of China, particularly Gansu
Province where R. solani is prevalent. Also, very little is
known about the characterization of the components of the
phytotoxin causing stem canker on potato using proton nucle-
ar magnetic resonance (1H NMR) spectrometry. The objective
of this study was to isolate, purify and characterize the toxin
produced by R. solaniAG-3. The findings could provide base
line information on potato stem canker pathology in Gansu
Province, northwest China. The study would contribute toon -
going efforts to control and effectively manage potato disease
caused by R. solani and thereby increase potato production by
farmers.

Materials and Methods

Fungal Cultures and Toxin Production

Cultures of a virulent isolate (AG-3) of R. solani that had been
isolated from potato tuber bearing sclerotia (Lu 2014) were
maintained on sterilised barley grains and potato dextrose agar
(PDA) stored at 4 °C. Isolates were cultured on PDA (200 g
potato, 20 g sucrose, 18 g agar, 0·125 g streptomycin sulphate
L−1 and 1000 ml distilled water, pH 7.0) plates at 25 °C for
7 days in darkness. Several plugs (6 mm diameter) of actively
growing mycelium on PDA were cut with a cork borer. One
disc was aseptically transferred into a 250mL flask containing
100 ml potato sucrose broth (PSB; potato, 200 g; sucrose,
20 g; distilled water, 1000 mL; pH 7.0). Twenty-four flasks
were placed on a rotary shaker (180 rpm) and incubated at
25 °C for 3 days and then stored at 4 °C. For production of
toxin, two mycelium groups from PDB cultures were trans-
ferred into a 500 mL flask containing 200 mL of Richard’s
medium (potassium nitrate, 10 g; potassium dihydrogen phos-
phate, 5 g; magnesium sulfate·7H2O, 2.5 g; ferric sulfate,
0.25 g; sugar, 50 g; and distilled water, 1000 mL; pH 7.0).
R. solani produces toxins in this type of medium (Xu et al.
2004; Lu et al. 2005). The cultures were then incubated under
stationary conditions at 25 °C on artificial vibration once a day
for 18 days. Culture filtrates were obtained by passing the
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liquid through four layers of cheesecloth and Whatman No. 1
filter paper. Unless otherwise stated, the Richard-medium cul-
tured filtrate was used for all subsequent tests. The experiment
was conducted twice.

Stem Canker Assay

The biological activities of crude and processed extracts were
determined by stem canker assay on potato minituber of cv.
‘Qingshu 2’ which was susceptible to R. solani and some tests
on a resistant minituber of cv. ‘Leshu 3’ which shows no symp-
tom of the disease. Healthy minitubers of potato were washed
with tap water and rinsed in distilled water before sterilization
with 70 % ethanol. Cylindrical discs were removed from the
tubers with a sterile 4 mm cork borer and 0.2 mL solution was
applied into the holes created in the tubers and the disc of potato
tissue replaced, before being sealed with candle wax (Sowley et
al. 2013). A 12-cm deep layer of steam sterilized sandwas placed
on the bottom of the 18 cm diameter plastic pot. Seven
minitubers, with the sprout facing upwards were placed in each
pot. Fifty plastic pots were used. Sufficient sand was then added
to ensure that the sprouts were covered with an additional 4 cm
layer. After 35 days, the plants were harvested from the pots and
stem canker were assessed and compared with controls on a
disease index scale of 0–5, as described by Tsror and Peretz-
Alon (2005) where 0 = healthy tissue, 1 = several brown to black
lesions, 2 = up to 15 % of the tissue is covered with lesions,
3 = up to 30 % of the tissue is covered with lesions, 4 = up to
60 % of the tissue is covered with lesions and 5 = > 60 % of the
tissue is covered with lesions. Each bioassay was conducted two
times, and tubers treated with culture filtrates from R. solani
cultures grown for 18 days in Richard’s medium or inoculated
with isolate of R. solani AG-3 (Rs isolate) served as controls.

Bioactivity of Soluble Macromolecular Compounds
Obtained from Culture Filtrates

In this test, 50 mL of culture filtrate was first concentrated to
half the original volume in vacuo at 40 °C. An equal volume
of methanol was added to the culture filtrate and stored over-
night at 4 °C. Precipitates were collected by centrifugation at
8500 rpm for 10 min. The precipitates were then dissolved in
50 mL of sterile distilled water and the bioactivity assessed by
the stem canker assay, as previously described. The superna-
tant was evaporated to dry at 50 °C, dissolved in 50 mL of
sterile distilled water and bioassay as aforementioned.

Solvent Extraction

The solvent extraction followed the procedure described by
Vikrant et al. (2006), with minor modifications. The culture
filtrate was extracted three times with half volume of ether,
benzene, ethyl acetate (EA) or chloroform using a separator

funnel. Water and the solvent fractions were evaporated to
dryness at 65 °C and 45 °C, respectively. The residues were
dissolved in 50 mL of sterile distilled water and their toxicity
was measured using the stem canker assay. Culture filtrates
and Rs isolate served as controls.

Isolation of Phytotoxin from Culture Filtrates

The culture filtrates were acidified to pH 2.3 with 12 M hy-
drochloric acid and extracted three times with an equal vol-
ume of EA. The combined extracts were concentrated to a
small volume in vacuo at 45 °C and then washed three times
with equal volumes of 5 % aqueous sodium bicarbonate. The
aqueous layers were acidified to pH 2.3 with 12M hydrochlo-
ric acid and extracted three times with half volume of EA. This
method of Iacobellis and Devay (1987) was followed, with
little modifications. The combined extracts were evaporated to
dryness in vacuo at 45 °C. The residue was dissolved in 5 mL
of methanol to obtain the crude toxin solution for analysis by
thin-layer chromatography (TLC). Preparative analytical TLC
plates, coated with a GF-254 fluorescent silica gel (5 × 10 cm,
Qingdao, China) and spotted with the samples were developed
separately in solvent systems containing petroleum ether/EA
(1:2 to 1:5, v/v). The spots on the TLC plates obtained using
the solvent aforementioned were marked under ultraviolet
(UV) light at 254 nM and the RF value of each spot was
recorded. The solvent system that could yield clear and unat-
tached spots on the TLC plates was used to purify the crude
toxin by elution in a silica gel column. Various bands indicat-
ing the distance travelled by the sample were measured.

The crude toxin was dissolved in 5 mL of methanol and
applied to a 15 × 500 mm column filled with silica gel (200 to
300 mesh, Qingdao, China), which had been activated at
150 °C overnight and pre-equilibrated with chloroform. The
dissolved toxin was added on top of the column and the col-
umn was eluted using a linear gradient with the following
eluant strength: 100 % petroleum ether, petroleum ether/EA
(10:1, 5:1, 3:1, and 1:1; v/v), 100 % EA, and 100 %methanol.
Elution was carried out at the rate of 0.25 mL min−1. 2 mL
fractions were collected, analysed by TLC on GF254 using
petroleum ether/EA (1:3. v/v) and visualised by UV light
(254 nM). The fractions that had spots on the TLC plates were
assessed by stem canker assay. Each bioassay was repeated
two times. Tubers treated with culture filtrate and R. solani
inoculum (Rs isolate) served as controls. Several fractions
showed toxicity in the stem assay, but the one showing highest
toxicity (TF1) was used subsequently for purification.

Purification of Phytotoxin

The bioactive compound selected from the most active frac-
tion on TLC plates was dissolved in EA at 100 μg ml−1 con-
centrations and its UV spectrum were recorded using a UV-

Am. J. Potato Res. (2016) 93:321–330 323



Vis spectrophotometer (UVTU-19, Beijing Purkinje General
Instrument Company, Limited, China) between 200 and
400 nM after calibration with EA as blank. IR spectrum was
recorded for 400–4000 cm−1 in KBr solution using a FTIR
machine (FTIR-650, Tianjin Gangdong Science and
Technology Development Company, Limited, China).

Cultures were extracted with ethyl acetate as described above.
The residue from the dried organic phases was re-dissolved in a
small volume of acetonitrile and subjected to high performance
liquid chromatography (HPLC) analysis using a 5 μm Novapak
column (Waters). The solvent system was water (acidified to
pH 3-O with HCI) and acetonitrile (7:4, v/v) with a flow rate of
1.l mL min−1. For all samples HPLC detection was at 210 nM,
and quantities were determined from peak areas using standard
curves prepared for each acid. Compounds were identified by
gas chromatography-mass spectrometry (GC-MS) comparison
with authentic samples. Gas chromatography was run using a
SE 54 cap i l l a ry co lumn (5 % dipheny l , 95 %
dimethylpolysiloxane). Temperature conditions were 60 °C for
3 min, increased to 200 °C for 15 min at a constant rate of
20 °C min−1.

1H NMR spectrum was recorded in CDCl3 solution using a
GSX 400-MHz JEOL instrument, and the 13C NMR was re-
corded between 0 and 200 δ at 100.4 MHz in CDCl3 using the
above instrument.

Potato Stems Canker Response to 3-MTPA and 3-MTAA

Seven sprouted seeds of potato ‘cv. Leshu’ were planted in
18 cm diameter plastic pots containing a 1:1 mixture of pas-
teurized peat and sand. The pots were placed in a 22 °C
growth chamber illuminated by fluorescent bulbs emitting
450 μmol m−2 s−1 of photosynthetically active radiation set
to a photoperiod of 14 h of light. The plants were watered as
needed with distilled H2O for 2 weeks.

Aqueous solutions of 3-MTPA and 3-MTAA (that were
purified from the culture extracts) were standardized to
pH 2.3 and filter-sterilized. Each compound in each medium
was prepared to a final concentration of 0, 0.5, 1, 3 or 5 mM.
Fifty microliters of each solution were injected into the base of
the potato stems using a sterile 1 cm3 syringe and 26-gauge
needle (Becton, Dickinson and Co., Franklin Lakes, New
Jersey). The distilled water control used in the assay was also
acidified to pH 2.3 like the MTPA and MTAA test solutions.
Control plants were injected with distilled H2O without 3-
MTPA and 3-MTAA solution or inoculated with isolate of
R. solani AG-3 (Rs isolate). Each treatment was replicated
five times. The pots were arranged in a randomized complete
block design in the plant house. The experimental plants were
watered 24 h after injection, with di-H2O. After 35 days, the
plants were harvested from the pots and measurement on
length of stem canker for each plant was recorded. The exper-
iment was conducted twice.

Statistical Analysis

Data collected was analyzed with the statistical package
GenStat (9th Edition), using one way ANOVA (Analysis of
Variance) to test the phytotoxicity of culture filtrates and toxin
fractions on potato stem canker. The significant levels
(P < 0.05; P < 0.01; P < 0.001) of probability were tested
by ANOVA. The Least Significant Difference test for homog-
enous groups was used to test significant differences between
phytotoxicity of culture filtrates and toxin fractions.

Results

Toxin Production and Preliminary In-Vitro
Characterization

Potato plants treated with culture filtrates of R. solani grown
on Richard’s liquid medium produced stems with the highest
canker compared with the fractions extracted with the various
organic solvents (Table 1). The symptoms produced in potato
stems by the culture filtrates of R. solani were similar to that
produced by pathogenic R. solani.

Table 1 Phytotoxicity of crude toxin isolated from culture filtrates ofR.
solani after 18 days

Experiment Treatment Fraction Stem canker
assay (0–5)

1 Methanol Water fraction 3.3a

Precipitate 0b

Acetone Water fraction 2.8a

Precipitate 0b

Culture filtrate control 3.5a

Rs isolate control 3.5a

LSD (0.05) 1.46

Experimental mean 2.33

2 Ether Water fraction 1.5b

Solvent fraction 0bc

Ethyl acetate Water fraction 0.3bc

Solvent fraction 2.5b

Benzene Water fraction 2.0b

Solvent fraction 1.0bc

Chloroform Water fraction 0.3bc

Solvent fraction 1.8b

Culture filtrate control 3.5a

Rs isolate control 3.5a

LSD (0.05) 0.92

Experimental mean 1.62

The values represent the means and corresponding LSD, least significant
difference; relative to the control of two independent experiments
(P < 0.05). Column means followed by the same letter(s) are not signif-
icantly different at P < 0.05 in a least significant difference test
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Preliminary characterization of toxic activity in vitro was
done prior to toxin isolation.When the crude toxin was treated
with methanol or acetone, no toxicity was detected in the
precipitate (Table 1). Similarly, when the crude toxin was
treated with ether, the toxicity could only be detected in the
solvent fraction. However, toxicity was detected in both the
solvent and water fractions after the culture filtrates were
partitioned with ethyl acetate (EA), benzene, or chloroform
(Table 1). EA was selected to extract the toxins from culture
filtrate as it showed significantly higher toxicity than those of
benzene and chloroform (P < 0.05).

Isolation and Purification of R. solani Phytotoxin

Mycelium of R. solani was grown in 4 L of Richard’s medium
for 18 days in order to obtain adequate amount of biological
active components of the phytotoxin. Extraction with ethyl ace-
tate resulted in a light yellow residue (658.6 mg) with high phy-
totoxic activity after being dissolved in sterile distilled water and
used in stem necrosis assay. On preparative TLC coated with
silica gel, spots were obtained with the solvent systems petro-
leum ether/ethyl acetate (10:1, 5:1, 3:1; v/v). Toxicity of the main
toxic component was located at retention factor (RF) value of
0.42. This optimal solventwas used for preparative TLC. TheRF
value of the isolated toxin was 0.5. Eight fractions were collected
in the silica gel column chromatography, however in the fraction-
ation by TLC; four spots were obtained with the solvent system
petroleum ether/ethyl acetate (3:1, v/v). The third,
fourth, sixth and seventh fractions produce average le-
sion indices of 4, 1, 1 and 2, respectively, in the potato
stem canker assay (Table 2). The third fraction had the
highest activity, which showed that the toxin is mainly
concentrated in this fraction. The fractions in Table 2

correspond to toxic fractions (TF) 1–4 as described un-
der IR Spectra of the Purified Compounds as follows:
TF1 = fraction 3 from the table; TF2 = fraction 4;
TF3 = fraction 6 and TF4 = fraction 7.

IR Spectra of the Purified Compounds

UV (EtOH) λmax (nM) (logε) for the four toxin fractions were
291.50, 288, 293.50 and 301; IR (KBr, cm−1): TF1 recorded
3442.3 (−C ≡ CH), 2962.1 (−CH3), 1465.6 (−CH2−), 1727.9
(C = O), 1124.3 (−OH); TF2: 3452 (−C ≡ CH), 2960.2
(−CH3), 2923.6 (−CH2−), 1729.8 (C = O), 1124.3 (−OH);
TF3: 3442.3 (−C ≡ CH), 1729.8 (−COOH), 2933.2
(−CH2−), 1027.9 (C-O), 1124.3 (−OH); and TF4 recording
3438.5 (−C ≡ CH), 2962.1 (−CH3), 2931.3 (−CH2−),
1727.9 (C = O), 1126.2 (−OH), respectively (Fig. 1 a, b, c,
d). The IR spectrum showed bands characteristic of the methyl
(2962.1) methylene (1465.6), carbonyl or ketone
(1727.9), carboxylic acids (1729.8) and hydroxyl groups
(1124.3). Compared with the information from the data-
base, the presence of methyl, methylene, carbonyl, car-
boxylic acids and hydroxyl groups in R. solani culture
filtrates was confirmed.

HPLC of the Purified Compounds

The toxin fractions were eluted from the TLC plates and
analysed by HPLC. Comparison of peak area with a standard
curve indicated a concentration equivalent to 5 mg 1−1.
However, co-chromatography on reversed phase HPLC and
GC-MS indicated the presence of relatively minor compo-
nents. These were identified by comparison with standards
as 3-methylthiopropionic acid and 3-methylthioacrylic acid
based on the relative intensities of the parent ions [M+] m/z
111.11 and [M+] m/z 199.17 (Fig. 2), which were in agree-
ment with those reported in the EPA/NIH mass spectral data
base.

NMR Spectra of the Purified Compounds

The 1H NMR spectrum of the purified compound of R. solani
AG-3 showed two doublets at δ 7.26–7.46 and δ 7.44–7.64. A
broad singlet observed at δ 4.17 was because of amide pro-
tons. Furthermore, the aromatic protons showed multiplet in
the region δ 2.22–0.90 (Fig. 3). The 13C NMR spectrum of the
purified compound showed the presence of a carbonyl carbon
of the amide group that appeared at δ 163.24. The re-
maining aromatic carbons displayed signals between δ
126.53 and 132.18 (Fig. 4). The structures of the two
compounds were determined through analyses of the
spectroscopic data and further confirmed by syntheses.
Compound (a) had a molecular formula of C4H8O2S
(m/z found 111.11 [M+]) and NMR spectroscopic data

Table 2 The results of eight fractions of silica gel column
chromatography

Fraction RF value Stem canker assay (0–5)

1 0 0d

2 0 0d

3 0.83 4a

4 0.30 1c

5 0 0d

6 0.33 1c

7 0.58 2b

8 0 0d

Culture filtrate control 0 3.5a

Rs isolate control 0 3.5a

Means within a column followed by the same letter(s) are not significant-
ly different at P < 0.05 in a least significant test
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Fig. 1 IR spectra of the
purified compounds of
R. solani AG-3. 1 a. TF1 b.
TF2 c. TF3 d. TF4. The IR
spectra were recorded in KBr
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indicative of an indole nucleus, two methylene protons
mutually coupled and a hydroxyl group (Fig. 5a). The
protons of one of the methylene groups correlated with
three aromatic carbon atoms, indicative of a CH2SCH2-
group adjacent to the indole ring. The GC-MS of

compound (b) together with NMR spectroscopic data
suggested a molecular formula of C4H6O2S. Based on
these structural features, the compounds were identified
as 3-methylthiopropionic acid and 3-methylthioacrylic
acid, respectively (Fig. 5 a, b).
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Fig. 2 Separation of phytotoxins from a TLC-purified extract of R. solani culture filtrates by HPLC

Fig. 3 1H NMR spectrum of the purified compound of R. solani AG-3

Am. J. Potato Res. (2016) 93:321–330 327



Potato Stems Canker Response to MTPA and MTAA

The mean canker length of tubers injected with 3-MTPA and
3-MTAA and controls is shown in Fig. 6. The identity of each
compound had a significant effect on canker length (P < 0.05),
and the effect of concentration varied significantly between
compounds. Tubers treated with 3-MTPA and 3-MTAA re-
corded the highest mean canker length than that of water con-
trol tubers at the lowest concentration tested and all higher
concentrations. However, there was no significant difference
in canker length (P > 0.05) between tubers treated with 3-
MTPA at the highest concentrations compared to Rs isolate
control.

Discussion

Potato (Solanum tuberosum L.) production has been associat-
ed with soilborne pathogens, and R. solani, a world-wide fun-
gus is found in almost all potato growing-areas of the world,
especially in northwest China, which causes huge production
losses. The phytotoxins produced by R. solani are one of the

most severe pathogenic factors associated with Rhizoctonia
disease of potato (stem canker/black scurf). One of the chal-
lenges encountered by other workers in studying phytotoxins
associated with fungi is that the toxins are often produced and
released into the artificial medium in very small quantities,
resulting in difficulties in isolation and identification of the
bioactive components. The use of solvent extraction to obtain
relatively pure organic compounds from catalytically pro-
duced reformates based on differences in solubility has been
regarded as one of the most effective methods to isolate
phytotoxins from most fungal metabolites (Vikrant et al.

Fig. 4 13C NMR spectrum of the purified compound of R. solani AG-3
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Fig. 5 Chemical structures of purified compound of R. solaniAG-3. a 3-
methylthiopropionic acid (3-MTPA) and b 3-methylthioacrylic acid (3-
MTAA)
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Fig. 6 Potato stems canker length in response to injection of sprouts with
3-MTPA and 3-MTAA. Bars represent the standard error of the mean
canker length for each treatment. In the figure, lengths with different letter
over bars are significantly different at P < 0.05
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2006). In the present study, the use of Richard’s medium and
the growth of R. solani incubated at 25 °C for 18 days resulted
in 658.6 mg/L of crude toxins. The concentrations of bioactive
compounds in the growth medium were low. Ethyl acetate
was used to extract the R. solani toxin from the culture filtrate.

The ability of the R. solani phytotoxin to cause canker
symptom on the potato plants was further substantiated by
stem canker assay. In the present study, lesions were observed
when toxin fractions containing these bioactive compounds
were injected into potato sprouts. The phytotoxic activities
of these compounds resulted in increased stem canker severity
(Table 2) and severe stem canker symptoms similar to those
produced by R. solani. This implies that the R. solani toxin
may be involved in the virulence of R. solani in potato plants.
This finding is consistent with the reports that necrosis occurs
in bean, potato and wounded rice leaves treated with similar
compounds, respectively (Betancourt and Ciampi 2000; Frank
and Francis 1976; Liang and Zheng 2012). The results also
corroborate the findings of Bartz et al. (2012) and Mandava et
al. (1980) who reported effects of 3-OH-PAA on tomato stems
and in the nodule cells of soybean.

In our study, the presence of five major phytotoxic compo-
nents (methylene, methyl, carbonyl, carboxylic acids and hy-
droxyl groups) were detected in the culture filtrates following
the identification and quantification by UVand infrared spec-
tral analysis (Fig. 1). This demonstrates that R. solani can
produce multiple metabolites of varying concentrations. The
finding is not an uncommon phenomenon because micro-
organisms are capable of producing secondary metabolites
(Shanmugaiah et al. 2009). A similar result was observed by
Tavantzis et al. (1989) who reported on phytotoxin from a
virulent strain R. solani AG-3 on potato. However, this con-
flicts the findings of previous investigations with isolates from
AG-3 on potato and AG-4 on beans (Betancourt and Ciampi
2000; Iacobellis and Devay 1987). The sharp band at
2962.12 cm−1 is characteristic of methyl C-H stretching asso-
ciated with aromatic rings (Fig. 1). The peak at 3652.52 cm-1

shown by IR spectral analyses is due to hydrogen bonded
hydroxyl groups that contribute to the complex vibrational
stretches associated with free inter and intra molecular bound
hydroxyl groups which make up the gross structure of carbo-
hydrates. The 1H spectrum is crowded in a narrow region
between 1 to 7 ppm (Fig. 3) typical of polysaccharides, and
confirms the presence of many similar sugar residues. In a
similar study, Nep and Conway (2010) reported of many poly-
saccharides in characterization of Grewia gum. 3-
methylthiopropionic acid (3-MTPA) and 3-methylthioacrylic
acid (3-MTAA) have been reported by Perreaux et al. (1982)
as phytotoxins which express non-specific activity against
cassava, tobacco and tomato. Benzoic acid has also been re-
ported as a phytotoxin from R. solani (Kohmoto and
Nishimura 1974). However, 3-MTPA and 3-MTAA have not
been described from the R. solani on potato. In all cases the

lowest concentrations reported to possess activity appeared to
be excessively high. In this study, stem canker length in-
creased with increasing concentration of 3-MTPA and 3-
MTAA (Fig. 6). Our results differ from the findings of
Robeson and Cook (1985) who reported that the lowest con-
centrations (1 μg ml-1) of 3-MTPA and 3-MTAAwere more
phytotoxic on cabbage seedlings. The results demonstrated
that 3-MTPA and 3-MTAA can cause damage to potato plants
by inducing stem canker in the absence of the R. solani
isolates.

In conclusion, the toxic compounds were identified as 3-
methylthiopropionic acid and 3-methylthioacrylic acid. The
study revealed that stem canker increased with increasing
amounts of 3-MTPA and 3-MTAA. The results of this inves-
tigation add to the body of evidence that multiple related com-
pounds are involved in R. solani disease development.
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