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- The fungal degradation. of Indian cotton 'ﬁbres' Was studied using microscopical methods, A correlation
was found between alkali swelling propeities and congo red absorption property of the degraded cotton fibres:
The cellulolytxc actlvlty o6f 33 cotton attackmg fungi was determined.

- When fungi degrade cotton fibres, not only the-
tensile strength decreases at a rapid rate but cer-
‘tam microscopical characteristics of fibres also
‘change’.
the presence of fungi within the lumen of the in-
fected fibres, the congo red absorption by degraded

-

extent .of fungal deterioration of different cel-

The microscopical studies including

‘fibres and alkali swelling properties of tendered .

" fibres haye been frequently used to evaluate the

Thirty-three species of fungi (Table 1), isolated
from outdoor weathered and soil buried cotton
fabrics, cordages and yarns were taken for the pre-
sent study.

MATER,IAL’AND METHOD .

. The cellulolytic activities of these.

fungi were determmed by the fabric test method:

adopted by Srivastava & ‘Nigam$. =

0.1g cottOn fibre and- 100 ml Greathouse mx-;
*‘neral salt* hquld medium® were - taken in each
250 ml comical flask and sterilized at 1.1 kg per-

--sq.cm steam:; pressure for 15 minutes.

“The .spore-
suspension. of- different fung1 were magde by adding-

. 10.ml sterilized distilled water.to 15 days old cul-

_ tures.

In case of stefile fungus hypha.l suspension
"was ‘used.” One ml suspensmn was - asceptically”

‘inoculated inte ‘the flasks. ‘The flasks: were incuba~

* ted for 10 days at 3044 2°C after which the fibres
- were washed "with dﬁulled water and subjected
- to following tests.

.Microscopic examination—The fibres were exa-
- mined under high power microscope for sutface

lulosic fibres?-5. No such work particularly on
Indian cotton fibres has been published so far and
so a detailed investigation has been undertaken
to study the microscopical aspects of fungal de-
gradation of cotton fibtes. The cellulolytic index
of the fungi attacking cotton fibres has also been
determined.

and lumen growth of fungi after proper staining

as per method of Basu and Ghosel.

Alkali SWellmg test—Ther test descnbed by
Coward & Spencer? was used. The fibres were
treated with 18 per cent NaOH for 15 minutes on -
glass slides at room.temperature. The width of
swollen fibres was measured at five different places.
The average width represented alkali - ‘swelling
value .

: Congo red test—The tth descrlbed by Brlght3
was - used. The fibres were treated with 25 ml
of 11 per cent NaOH for 30 seconds and then
quickly washed with water. The fibres were placed
in saturated solution of congo'red for 5-6 minutes,
shaken continuously. The fibres were again wa-
shed with distilled water until the washings be-
came colourless. . The fibres were examined micro-
scopically in 18 per cent NaQH. The damaged
fibres characterized by deep ‘staining or uneven

staining were counted and this represented congo

red va.lue. -
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- CELLULOLYTIC ‘INDICES OF FUNGI AND THEIR ATTACK ON COTTON FIBRES

Sr. Fungi . : . Cellulolytic* Microscopical studies**
No. - activity — .
. , Surface Lumen Swelling . - Congored. -,
] o v growth  growth value « value =4
P : ) (679 T

1. Rhizopus nigricans , 103 P N 16.41 8.75
2. Cunninghamella echinulata R X 1 M. N 27.36 25.0
3, Chaetomium globosum o 290 P P 38.91 81.25
4. Phoma sp.. a5 M N 4195 1125
5. Trichoderma viride R 47.0 M N 34‘0:5 70.00
6.  Aspergillus favss 22 P N 17.02 11.25
0 A femigaws 403 P N - . 38.30 80.00
8. A nidulans S ' 5.3 R N 19.45 12.50
9. A niger SR 03 P N 15.80 7.50
10. A oryme Co 51.5 M N " 41.95 93.75
11, A, sparsus - 4. M N 18.85 15.00
12. A sydowi R X P N 17.63 11.25
13, A. terreus e 42.0 P N 41.95 78.75
14. A terricola ‘ < 0.6 P N 17.63. 7.50
15, Penicillium thomil 74.5 R M 41.95 81.25
16, Pendoiliivm sp. ‘ 1.2, R N 16.41 7.5
17.  Penicilium sp. 1.2 P N 15.80 875
18. Peacilomyces va\ria/ti' T RN . M N 15,.;80..'_ .. 10.00 4
19.  Botrylis cinerea IR 287 e M E N 38,30 82.50
20, Pulinlaria pullulons e o e 0.0 CRO ‘V,“Nj ’ 16\.“41 . 6.25
21.  Stachyboirys atra 38.1 M R 38.91 81.25
22, Hu.micola sp. ‘ 2.1 P o R 3405 . " 81.25
23. ‘Memnoniella echinate - 30.6 M R 7 3222 - 7500
24, Cladosporium herbarum -~ < . 281 ‘R N 26.75 53.75
25, Ourvul;zria Junates . » Sl 75.1 M R 41.34 92.50
26. C. pallescens - - 65.0 M N . 40.13 87.50
27.  Helminthosporium sp. ' - 336 P N ©37.00  86.25
28, Alternavia tenuis 28.7 M M 23,10 41.25
29. ' Fusarium chlamydosporum 1347 R N 21,97 50.00
30, F. moniliforme , 470 P - N 31.61°  61.25
- 31, F. roseum e P N 29.79 -42.50
32, Myiothectfum verrucarie . : 100 P M 43.19 90,00
33,  Grey sterile fungus o ) s R N . 16.40 ' 12.50
34, Control ‘ 0.0 — — 1580  6.25°

2,146 6.224

I

C.D. at 0,05 P. B e R -

*expressed as percentage loss in breaking strength of cambric cloth to control.
#*p_Profuse, - M—Moderate, R—Poor, N—Nil.
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RESULTS

Cellulolytic actzvzty——The cellulolytic activities
of fungi, isolated from cotton materials, in terms
of percentage loss in breaking strength (B.S.) of

cotton cambric fabric to control has been shown

in Table 1. Five categories of fungi were recog-
nised : v
(i) Highly cellulolytic (causing B.S. loss of
759, or more)—Myrothecium verrucaria,
Curvularia lunata and Penicillium thomii.

(ii) Fairly csllulolytic' (causing B. S. loss bet-

ween 51-75%)—C. Pallescens, Aspergil-

lus oryzae, Trichoderma viride.

(i) Moderately cellulolytic (causing B.S. loss
between  26-50%)—Chaetomium  globo-
sum, Phoma sp., Aspergillus fumigatus, A.
terreus, - Botrytis . cinerea, Stachybotrys
atra, Humicola sp., Memnoniella echinata,
Cladosporium  herbarum, - Helminthospo-
rium sp., Alternaria tenuis, Fusarium
chlamydosporum, F. moniliforme and
F. roseum. ’

(iv) Poorly cellulolytic (causing B. S, logs bet-

ween 6-25 %)—Aspergillus nidulans.
(v) Non cellulolytic (causing B. S. loss bet-
" ween 0.0-5%)—12 species (Table 1).

Fungal attack on cotton fibre—Undegraded
cotton fibre showed prominent spiral windings
with one or two spiral lines (fissures) appearing
faintly. As the degradation increased the fis-
sures became deeper and enlaiged. In highly
degraded fibres the fissures extended to the lumen
and the fibres on swelling opened into a ribbon
(after treating in alkali and congo red). The
fissures extended the entire length of nearly all
the fibres examined. The surface of the fibres

was found to be rough. In some cases, the fungus
hyphae were observed in the lumen of the cotton
fibres, while in others fibres were found surrounded
by fungal hyphae without being penetrated. It
was also observed that the penetration of fungal
hyphae was through the cracks in the cotton ﬁl?re
wall and also from-the ends. After penetrating
into the lumen of the fibre the hyphae were found
to grow from inside to outward direction.

eoradatwn of eotton fibre—The degradation
in cotton fibres was qualitatively estimated in terms
of surface and lumen growth of fungi in the fibres
(Table 1). Three categories of fungl were recog-
nised :

(i) Fungi showmg profuse or moderate growth
both on the surface as well as in the lumen
of the fibres (Sr. No. 3,28 and 32 in Table

D

() Fungi showing profuse growth on the
surface of the fibre but exhibiting poor
or nil growth in the lumen*of the fibres
(Sr.No. 1,6,7,9, 12-14, 17, 22,27, 30 and
31 in Table 1).

(i) Fungi showing poor growth on the sur-
face but moderate growth in ‘the lumen
of the fibres e.g. Penicillium thomii.

The degradation of cotton fibres was studied
semiquantitatively in terms of alkali swelling and
congo red values (Table 1). Majority of fungi
exhibited ~ comparatively higher alkali swelling
value than control. This indicated that these
fungi caused comparatively higher degree of fibre
deterioration. However, in  Aspergillus niger,
Penicillium sp. and Paecilomyces varioti the alkah
swallmg values were equal to control.

Congo red value in most of the fungi exhibited
the trend similar to alkali swelling value. The
fungi showing higher alkali swelling value also
showed higher congo red value. In Rhizopus
nigricans, A. flavus, A. nidulans, A. sydowi, Peni-
cillium sp., Paecilomyces varioti,” Pullularia pul-
lulans and sterile species, the congo red values
were nearer to control (Table 1). Few fungi show-
ing moderate alkali swelling value showed poor
or nil congo red value and vice versa (Table .
Pullularia pullulans showed poor alkali swelling
value but nil congo red values whereas A. niger,
Penicillium sp. and P. varioti showed poor congo
red values but nil alkall swelllng values.

DISCUSSION

To evaluate the extent of deterioration in cotton
~ fibres it is frequently desirable to know whether a
particular fungus is potentially capable of decom-
posing cotton cellulose or not. The mere growth

of a fungus on a tendered sample does not prove
that the fungus is cellulolytic. With this view,

the celfulolytic activity of different fungi has been

determined. The results of cellu]olytlc activity in
189
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the present investigation substantiated the results
obtained by earlier workers . But thete  are
many disagreements-in the results as to the relative
cellulolytic activity of different fungi. 4. niger
reported to be moderately cellulolyticl® - has
" beer. found non cellulolytic. A. oryzae reported
to be non cellulolytigil.. has been found to be
fairly cellulolytic. A sparsus pot tested earlier
has been found -non cellulolytic. - Penicillium
thomii and Botrytis cinerea rvecorded: first time
from cotton textiles showed definite cellulolytic
activity. Considerable variations in ecellulolytic
activity has been found among species of the same
genus.

-

Regarding fungal attack on cotton ﬁble it will
be seen that the first effect of fungal attack is the
digestion of the outermost cuticular layer of the
fibre. This observation is in agreement with the
earlier work!?=13, It is further confirmed by
swelling characteristics of the fibres. Increased
swelling observed in the fibre is characteristic of
degree of damage to the fibre since - the increased
swelling has not been observed in undegraded
fibres (Table '1). Bright3 has explained that
swelling of undamaged fibre in alkali is limited by a
restrictive effect of its outer wall and this limitation
is removed to some degree whenever the.outer wall
is weakened or broken by a deteriorative. agency.
The degradation of outer wall of the fibre is also
manifested by increased absorption of congo red.
The fungal hyphae grow inside the lumen of the
cotton fibie due to presence of nitrogenous sub-
stances,

Several contradictory statements have been made
regarding penetration and growth of fungi in the
lumen of cotton fibre Siu’4 and Siu & Reese!® noted
that the hyphae of attacking fungus entered the lu-
men of the fibre by direct penetration of the pri-
mary and secondary walls. Bright3, however found
distinct tendency of a fungus to grow into the lu-
men through the cracks and broken wall and not by
penetrating the wall. In present case the fungal
hyphae have been found penetrating through the
cracks in the wall of the fibre. There is general
agreement among the investigators that the fungi
while entering into the cotton fibre grow profusely
in the lumen and the fungal growth proliferate from .
inside to outward direction’ & 18, This has been
confirmed by the present work. The fungi sporulate
on the surface of the fibre.

The high cellulolytic activity of cotton attacking

" fungi seems to be directly related to the ability of

these fungi to grow on the surface as well as in the
lumen of the cottonfibres. A high degree of corre-
lation has been found between degree of growth
in lumen and degree of fibie deterioration. How-
ever, few highly cellulolytic fungi grow only on the
surface of the cotton fibres. It is to be expected
on theoretical ground that a fungus growing on
the surface of the fibre should cause less damage
than the one growing internally. The loss in ten-
sile strength of afibre due to profuse surface growth
of highly cellulolytic fungi may be due to removal
of successive layers of the fibrils by fungi from the
surface of the fibresl7.

 REFERENCES

1. Basu, S. N. & GHosE, R., Text. Res. J., 32 (1962), 677.

"5, Cowarp, H. R. & SPENCER, L., J. Text. Inst., 14 (1923),

-~ T.32. ,

3. BrigHT, T. B., J. Text. Inst., 17 (1926),.T. 396. ’

4. Rocers, R. E., WaEELER, H. C. &HUMFELD,H US.D.A.
Tech. Bull. No. 726 (1940), 1.

5. Zuck, R, K. & DrEnL, W. W., Amer. J. Bot.,33 (1946),
374,

6. SRIvasTAVA, K.C. & NIGAM, S.S., Labdev J. Sci. Tech.,
12 B(1974), 1.

7. Pamg, F. S., MycoLoGIa, 19 (1927), 248.

8. MarsH, P.B., BOLLENBACHER, K., BUTLER, Mi L. &

RapEr, K. B., Text. Res. J.; 19 (1949), 462,

190

9. BEeTRABET, S, M., Cotton Tech. Res. Inst. Bull,, 1(1968),
43, .

10. GALLOWAY, L.D.,, J. Text. Inst., 21 (1930), T. 277,

11. WHITE, w, ‘L., DarBy, R, T, STECHART, G. M &
SANDERSON, K., Mycologia, 40 (1948), 34,

THAYSEN, A. C. & BUNKER, H. J., ‘The Microbiology of
“Cellulose, Pectin and gums, (Oxford Univ. Press,
London), 1927.
PRINDLE, B., Text. Res., 6 (1936), 481,
14. Sw, R. G. H., Text. Res. J., 20 (1950), 281,
15. Stu, R, G. H. & Reesg, E. T., Bot Rev., 19 (1953), 377.
. Norkrans, B., Adv. Appl. Microbiol., 9 (1967), 91.

17. BLUM, R. & StamL, W. H Text Res. J., 22 (1952),
178 . :

12.

13.



