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Sclerotinia sclerotiorum infects approximately 400 dicotyledonous plant species
(Boland and Hall 1994), including rape (Brassica napus) on which it causes scle-
rotinia rot. Plants are infected with varying intensity every year and considerable
losses of seed yields result. Sclerotia of S. sclerotiorum can survive in soil for several
years. In spring, from sclerotia develops mycelium which can infest lower plant
parts; from sclerotia also ascocarps (apothecia) develop with ascospores – the main
source of plant infection. Investigations in vivo carried out earlier in Plant Breeding
and Acclimatization Institute – National Research Institute (PBAI – NRI; Starzyc-
ka and Starzycki 1994) demonstrated unequivocally that only younger tissues (of
both leaves and stems), were more readily and faster infested by the pathogen.
Pathogenicity and aggressiveness of the fungus is strongly affected by a mycotoxin
– oxalic acid.

In vitro investigations on pH changes caused by S. sclerotiorum mycelium devel-
opment were carried out on 2% maltose medium containing acidity indicator:
bromocresol green. The staining solution (100 mg of bromocresol green diluted in
100 ml distilled water) was added to the medium of 14 g agar strength (Sigma) and
20 g maltose (per 1 l of distilled water). The medium with the indicator, in Petri
dishes, was inoculated with fragments of mycelium or sclerotia (four replications).
After 24 h and 120 h the diameter of halo (medium discolouration) around inocu-
lation points was measured. Sixty pathotypes of S. sclerotiorum deriving from
Małyszyn (lubuskie province, HR Strzelce Sp. z o.o.) as well as one pathotype from
Poznań (PBAI – NRI, code Ss-3) were analyzed. The data obtained were subjected
to statistical analysis (Duncan test) and correlation coefficients were calculated.
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In laboratory pH changes were assessed (changes of the indicator colour) on
stem fragments of winter rape (cross section and cut off obliquely). Solution of
Congo red dye (1%) was prepared according to Zioło (2006). Using an original
method, the abscised stems were dipped in this solution and after seven days,
changes in the colour of the stem cross section from white to red were observed. In
the discoloured areas, sclerotia of the Ss-3 pathotype were placed which caused a
change of colour (from red to brown) by mycelium production.

Additionally, in vivo investigations were also carried out on 10 winter rape
plants growing under glasshouse conditions. During flowering, about 5 cm stripes
were excised on the stems which were then tightly protected with Parafilm, so that
it formed a bubble which was filled with Congo red solution (Phot. 4 a, b). After
seven days the injured place, initially white-green, adopted a characteristic red col-
our. After the time, the indicator was removed and each plant was inoculated with
S. sclerotiorum (Phot. 5 a, b) in the injured and discoloured place.

Oxalic acid excreted by S. sclerotiorum produced halo in the medium 24 h after
inoculation already (Phot. 1). After 120 h (five days), the mycotoxin of aggressive
pathogens code: 2, 6, 7, 9, 11, 18, 21, 24, 25, 37, 39, 41, 44, 47, 50, 51, 53, 54, 58
and 65 resulted in nearly complete change of the medium colour into yellow (halo
diameter 60–72 mm). The correlation coefficient for the mycotoxin of the same
pathotypes after 24 and 120 h was strongly positive and amounted 0.74. Tables 1, 2
and 3 present results arranged in accordance to the Duncan test results at � = 0.01,
together with the analysis of variance.

A characteristic change of colour (to brown) was observed on all the examined
stems of rape plants treated with the Congo red and inoculated with the Ss-3
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Table 1
The analysis of variance for mean discolouration after 24 h

Code Source Degrees
of freedom

Sum
of squares Mean square F  value Probability

1 Rep. 3 8.15 2.716 1.51 0.212

2 A 60 5 865.41 97.757 54.50 0.000

3 Error 180 322.85 1.794 – –

Coefficient of variation: 5.71%.

Table 2
The analysis of variance for mean discolouration after 120 h

Code Source Degrees
of freedom

Sum
of squares Mean square F  value Probability

1 Rep. 3 12.89 4.295 3.26 0.022

2 A 60 48 669.15 811.152 615.77 0.000

3 Error 180 237.11 1.317 – –

Coefficient of variation: 2,33%.
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Table 3
Comparison of groups of uniform discolouration diameters

after 24 and 120 h according to Duncan test

After 24 h After 120 h

No. of
pathotype

mean of
discolouration

diameters
(mm)

ranking No. of
pathotype

mean of
discolouration

diameters
(mm)

ranking

1 2 3 4 5 6

7 37.25 A 7 70.5 A

54 35.5 A 54 69.75 A

Ss-3 32.75 B 2 69.25 AB

2 32 BC 24 69.25 AB

31 32 BC 47 69.25 AB

47 30.75 BCD 18 67 BC

6 30.25 BCD 65 66.5 CD

18 30 CD 21 66 CDE

28 29.25 D 58 65.5 CDE

24 28.75 DE 41 65.25 CDEF

43 28.5 DEF 53 64.5 DEFG

21 28.25 DEFG 37 64.25 DEFG

39 28 DEFGH 6 64 EFGH

11 26.25 EFGHI 11 63.75 EFGH

56 26 FGHIJ 25 63.75 EFGH

44 25.75 GHIJK 51 63 FGH

53 25.5 HIJKL 39 62.5 GH

25 25.25 IJKLM 9 62.25 GH

65 25.25 HIJKLM 50 62.25 GH

51 25 IJKLMN 44 61.75 H

60 24.75 IJKLMNO 56 57 I

16 24.5 IJKLMNOP Ss-3 57 I

58 24.25 IJKLMNOPQ 43 56.75 I

26 24 IJKLMNOPQR 16 56.5 I

4 23.75 IJKLMNOPQRS 31 52.5 J

41 23.75 IJKLMNOPQRS 38 52.25 JK

63 23.5 IJKLMNOPQRST 35 51.75 JK

67 23.25 JKLMNOPQRSTU 67 51.25 JK

38 23 KLMNOPQRSTUV 69 50.75 JKL

30 22.75 LMNOPQRSTUVW 68 50.5 JKL

68 22.25 MNOPQRSTUVW 30 50 KLM

29 22 NOPQRSTUVW 63 50 KLM



pathotype which unequivocally indicated the decrease of pH value to acid reaction
(Phots. 2 and 3).

A similar result was observed in in vivo studies on B. napus plants. Plant tissues
discoloured by the acidity indicator changed their colour already five days after in-
oculation. After further cultivation of these rape plants, approximately after four
weeks, the brown colour disappeared giving way to the colour characteristic of the
neutral reaction (red colour). The colouring response of the medium under in vitro
conditions on Petri dishes as well as on the stems, and in vivo on the cultivated
plants was very similar – unvarying.
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1 2 3 4 5 6

35 22 OPQRSTUVW 4 48.75 LM

57 21.75 OPQRSTUVW 60 48.75 LM

72 21.75 PQRSTUVWX 72 48.5 LM

32 21.5 PQRSTUVWX 32 48 M

59 21.5 QRSTUVWX 26 45.25 N

36 21.25 QRSTUVWX 64 44.25 NO

37 21.25 RSTUVWX 66 43.75 NO

34 21 RSTUVWX 28 42.75 OP

50 20.75 STUVWXY 10 41.5 PQ

52 20.5 TUVWXY 34 40.5 Q

8 20.25 UVWXY 19 39.5 QR

9 20.25 VWXY 57 39.25 QR

27 20.25 VWXY 5 37.5 RS

55 20.25 VWXY 29 37.5 RS

71 20.25 VWXY 8 35.5 ST

13 20 VWXY 36 35.5 ST

19 20 WXYZ 71 34.25 TU

45 20 WXYZ 27 33.75 TU

69 20 VWXYZ 20 33.25 TU

64 19.75 WXYZ 55 32.75 U

48 19 XYZ[ 45 30.5 V

5 18.25 YZ[\ 59 29.75 V

42 17.25 Z[\ 42 28.5 VW

49 17 [\ 62 27.5 WX

66 16.5 [\] 13 27.25 WX

20 16.25 \] 49 26.5 WX

22 16 \] 52 26.25 WX

10 15.5 \] 22 25.75 XY

62 14 ] 48 23.75 Y

LSD
� = 0.01 = 2.47 LSD

� = 0.01 = 2.11

Table 3 – cont.



Oxalic acid produced by S. sclerotiorum has been object of research of numerous
authors (Maxwell and Lumsden 1970, Noyes and Hancock 1981, Marciano et al.
1983, Godoy et al. 1990, Dutton and Evans 1996, Zhou and Boland 1999, Cessna
et al. 2000, Starzycka et al. 2002). It was demonstrated that this mycotoxin is
indispensible for the fungus virulence (Hegedus and Rimmer 2005). During infec-
tion acidic environment leads to the activity of many hydrolytic enzymes, among
others, polygalacturonase. This enzyme is characterised by a similar impact on vir-
ulence factors and colonisation in plants by other fungal pathogens, such as:
Aspergillus flavus or Botrytis cinerea (Shieh et al. 1997, ten Have et al. 1998). On the
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Phot. 1. Differences in the size of halo as influenced by oxalic acid produced
by Sclerotinia sclerotiorum after 24 h (top row: pathotype 10 Ss, middle row: pathotype 38 Ss,

bottom row: pathotype 37 Ss) (photo by M. Starzycki)

Phot. 2. Stem tissue discoloured by Congo
red inoculated with Sclerotinia sclerotiorum

sclerotia under in vitro conditions
(photo by M. Starzycki)

Phot. 3. Brown tissue discolouration under
the influence of oxalic acid produced
by Sclerotinia sclerotiorum under in vitro

conditions (photo by M. Starzycki)



other hand, the developing calcium oxalates, which destabilise pectin compounds
contained in cell walls, facilitate the development of the fungus which produced
pectolytic enzymes (Maxwell and Lumsden 1970). Oxalic acid also acts as a sup-
pressor of reactive oxygen forms (H2O2) developing in plants under stress condi-
tions (Cessna et al. 2000, Walz et al. 2008). Sclerotinia sclerotiorum is characterised
by considerable variability with respect to oxalic acid production. However, inves-
tigations carried out so far failed to demonstrate any correlation between the pro-
duced mass of mycelium in vitro and the capability of individual pathotypes to
produce oxalic acid (Starzycka et al. 2002).

The presented study on oxalic acid – S. sclerotiorum mycotoxin – is of cognitive
character expanding our knowledge in this area. The presence of acid reaction (as-
sociated with oxalic acid) was demonstrated explicitly in B. napus plants (in vivo
and in vitro) which, however, with the passage of time, disappeared. In addition,
considerable polymorphism was confirmed among the analysed S. sclerotiorum
pathotypes with respect to the production of the mycotoxin, with a strong correla-
tion of the concentration of this compound after 24 and 120 h.
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Phot. 4 a. Discolouration of rape stems
using Congo red solution
(photo by M. Starzycki)

Phot. 4 b. Discoloured stems before
inoculation

(photo by M. Starzycki)

Phot. 5 a. Development
of Sclerotinia sclerotiorum mycelium five days

after inoculation
(photo by M. Starzycki)

Phot. 5 b. Colour change of Congo red after
inoculation into brown under the influence of
oxalic acid produced by Sclerotinia sclerotiorum

(photo by M. Starzycki)
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